1 A SENSI NG DEVI CE, A METHOD OF PREPARI NG A SENSI NG DEVI CE AND A PERSONAL
MOBI LE SENSI NG SYSTEM TECHNI CAL FI ELD The present invention rel ates
to sensing devices, in particular devices for noninvasive sensing of
physi ol ogi cal neasurenents, including the detection of a

phot opl et hysnography (PPG signal froma user. BACKGROUND

A SENSING DEVICE, A METHOD OF PREPARING A SENSING DEVICE
AND A PERSONAL MOBILE SENSING SYSTEM

TECHNICAL FIELD

The present invention relates to sensing devices, in particular devices for non-
invasive sensing of physiological measurements, including the detection of a

photoplethysmography (PPG) signal from a user.

BACKGROUND

Various types of sensing devices that sense physiological characteristics are
currently available. Reflectance-based sensing devices that detect emitted waves which are
reflected off the surface of a living tissue in order to obtain a physiological measurement may

be particularly useful for detection of certain physiological characteristics.

For example, reflectance-based sensing devices may be used to detect
photoplethysmography (PPG) signals. PPG is an optical measurement technique used to
detect blood volume changes in the microvascular bed of living tissue, typically by detecting
fight transmitted through the ear lobe or fingertip. As arterial pulsations enter the capiliary
bed, changes in the volume of the blood vessels or characteristics of the blood itself madify
the optical properties of the capillary bed. The PPG signal is used to measure saturation of
peripheral oxygen (Sp02), which is an estimation of the level of oxygen saturation in a fluid,

such as blood. The PPG signal can also be used to measure blood pressure.



Various types of sensing devices that sense physiol ogical characteristics
are . currently avail able. Reflectance-based sensing devices that detect
emtted waves which are reflected off the surface of a living tissue in
order to obtain a physiol ogical neasurenment may be particularly useful for
detection of certain physiological characteristics. For exanpl e,

refl ect ance- based sensing devices may2be used to detect
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SUMMARY

According to one aspect, there is provided a sensing device comprising an
electromagnetic wave emitter for emitting electromagnetic waves to a surface; an
electromagnetic wave detector for detecting the emitted electromagnetic waves that are
reflected from the surface; and a force transmitting member configured to transmit a force
applied thereto for detection, wherein the force transmitting member is positioned relative to
the electromagnetic wave emitter and electromagnetic wave detector to substantially prevent
electromagnetic waves emitted by the wave emitter from travelling directly to the wave
detector. Advantageously, the sensing device is capable of detecting reflected light signals
as well as transmitting a user applied force for detection. Even more advantageously, the
configuration and positioning of the force transmitting member reduce noise in the detected
signals without the need of an additional shading/shielding wall to substantially prevent

electromagnetic waves emitted by the electromagnetic wave emitter from travelling directly



SUMVARY According to one aspect, there is provided a sensing device
conprising an el ectromagnetic wave emtter for emtting el ectromagnetic
waves to a surface; an el ectromagneti c wave detector for detecting the
emtted el ectromagneti c waves that are reflected fromthe surface; and a
force transmitting menber configured o transmt a force applied thereto
for detection, wherein the force transmtting nmenber is positioned relative
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to solely transmt e exerted force.
can hot only block of stray electromagnetic wave from the wave emitter but can aiso

advantageously be used to transmit exerted force to the force detector without the need to

introduce a separate member to solely transmit the exerted force.

In one embodiment, the force transmitting member is configured to be displaced from
a starting position upon application of the force to said member. Advantageously, the
amount of displacement may be used to correlate to the force applied and allows the

effective force detection.



In one enbodi nent, the force transmtting nenber is configured to be

di splaced froma starting position upon application of the force to said
menber. Advant ageously, the anount of displacenent nmay be used to correl ate
to the force applied and allows the effective force detection. 4 In
one enbodi nent, the. sensing device further conprises a force detector
coupled to the force transmtting nenber for detecting the force
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be required to produce an accurate reading of the applied force. This again beneficially

reduces the amount of space within the sensing device required for allowing any
displacement or deformation to take place. Even more advantageously, as the moving parts
involved are reduced, there may be fess wear and tear of the internal components, thereby
increasing the life span of the device. The piezo-based sensor can be provided ars a flexible

printed circuit.

In one embodiment the wave emitter comprises a light emitting diode.
Advantageously, the small size of the light emitting diode contributes to the overall
compactness of sensing device. In one embodiment, the electromagnetic wave detector

comprises a photo detector.

in one embodiment, the surface comprises a surface portion of a user for
measurement. This beneficially allows the sensing device to be used as a medical sensing

device to acquire signals pertinent to physiological measurements.



I n one enbodl ment, the surface conprises a surface portion of a user for
measurenment. This beneficially all ow® the sensing device to be used as a
medi cal sensing device to acquire signals pertinent to physiol ogical
measurenents. 5 I n one enbodi ment, the force transmtting nmenber is
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force reading to be taken whenever a force is removed.

in one embodiment, the electromagnetic wave emitter and electromagnetic wave
detector are disposed on substantially the same plane. This may advantageously reduce the
amount of electromagnetic waves that are directly transmitted from the electromagnetic
wave emitter fo the wave detector. The electromagnetic wave emitter and electromagnetic
wave detector may be disposed on a same substrate. Accordingly, the number of substrates

used may be reduced.

In one embodiment, the sensing device further comprises a feedback unit coupled to
the force detector, the feedback unit being configured to correlate the quality of the detected
wave with the amount of force applied to the force fransmitting member and provide
feedback related to the correlation. The feedback unit may provide useful information to the

user such as whether to reduce or increase the pressure of the detected surface.

in one embodiment, the sensing device is capable of detecting
photoplethysmography signals. Several useful physiological data can be beneficially derived

from the photoplethysmaograph signals.



I n one enbodi nent, the sensing device further conprises a feedback unit
coupled to the force detector, the feedback unit being configured to
correlate the quality of the detected wave with the anmount of force applied
to the force transmtting nenber and provide feedback related to the
correlation. The feedback unit nmay prpvide useful information to the user
such as whether to reduce or increase the pressure of the detected surface.
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sensi ng device conprising providing an el ectromagnetic wave emtter for
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transmtting nmenber may be configured to be displaced froma starting

poSi t i onmemder Aigivé othe @lectdbmagrietic eavé emitar shdaledimmagnetic wave detector for
substantially preventing electromagnetic waves emitted by the electromagnetic wave emitter
from travelling directly to the electromagnetic wave detector, wherein the force displaceable
member is configured to transmit a force applied thereto for detection. The force transmitting

member may be configured to be displaced from a starting position upon application of a _

force to said member.

According to another aspect, there is provided a personal mobile sensing system
comprising a sensing device, the sensing device comprising an electromagnetic wave
emitter for emitting electromagnetic waves to a surface, an electromagnetic wave detector
for detecting the emitted electromagnetic waves that are reflected from the surface, and a
force transmitting member configured to transmit a force applied thereto for detection,
wherein the force transmitting member is positioned relative to the electromagnetic wave
emitter and electromagnetic wave detector fo substantially prevent electromagnetic waves
emitted by the electromagnetic wave emitter from travelling direcily to the electromagnetic
wave detector. The force transmitting member may be configured to be displaced from a

starting position upon application of the force to said member. The force transmitting



According to another aspect, there is provided a personal nobile sensing
system conpri sing a sensing device, tthe sensing device conprising an
el ectromagnetic wave emtter for emtting el ectronmagnetic waves to a
surface, an el ectromagnetic wave detector for detecting the emtted
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transmtting nmenber configured to transmt a force applied thereto for

det eCivia08 detbsiei Thet RAshE! defvide! MBS Turttdr HOnIFRIEB S fdrée BOSLbE @OG@sled @ 8id Ve tO
the el ectromagnetic wave em tter and el ectromagneti c wave detector to

SUbSt sk atdnsniitiny SREMBEE (T QITBARGL (He WML SraREihniife@ oD thd k&p@lt%%hﬂﬁ@g?net Ic
wave emtter fromtravelling directly to the electromgneti c wave detector.

The f a{ehfodi TRS Abic IRENBR RS HRYridea FaeRulEdebitirke) dstdh Qﬁ@ﬁné;l.rﬁ‘i% a

starting position upon application of the force to said nenber. The force
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personal nobile processing device in a cabl el ess contiguration.
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DESCRIPTION OF OPTIONAL EMBODIMENTS

Non-limiting exarﬁple embodiments of a sensing device, a method for preparing a
sensing device and a personal mobile sensing system are disclosed in the following

paragraphs.

There is provided a sensing device comprising an electromagnetic wave emitter for
emitting electromagnetic waves to a surface; an electromagnetic wave detector for detecting
the emitted electromagnetic waves that are reflecied from the surface; and a force
{ransmitting member configured to transmit a force applied thereto for detection, wherein the

force transmitting member is positioned relative to the electromagnetic wave emitter and



There is provided a sensing device conprising an el ectromagneti c wave
emtter for emtting el ectromagnetic waves to a surface; an el ectronmagnetic
wave detector for detecting the emtted el ectromagneti c waves that are
reflected fromthe surface; and a force transmtting nenber configured to
transmt a force applied thereto for detection, wherein the force
transmtting nmenber is positioned relative to the el ectromgnetic wave
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el ectromagneti c waves enmtted by the el ectromagnetic wave emtter from
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detector.

Preferably, the sensing device is a reflectance-based sensing device which relies on
the detection of reflected waves to give a useful reading or measurement. In one
embodiment, the sensing device is capable of working as both a reflectance-based sensing
device and a transmittance-based sensing device and is capable of detection of reflected
waves or transmitted waves to give a useful reading or measurement. In some
embodiments, the sensing device is an optical sensing device. The sensing device may also
be capable of sensing a plurality of different parameters, for example, the sensing device
may be capable of sensing pressure or force applied to a surface as well as light reflected off
the surface. In certain embodiments, the sensing device is a medical sensing device that is

configured to sense a parameter that is useful to measure a physiological characteristic.

The electromagnetic wave emitter may be replaced by other kinds of wave emitters
such as sound wave emitters. Exemplary sound waves include but are not limited to
ultrasound waves and sound waves which have wavelengths that are within the human
audible hearing range. Preferably, the wave emitter of the sensing device is an
electromagnetic wave emitter. Exemplary electromagnetic waves include but are not limited
to X-rays, visible fight rays and infra-red rays. In one embodiment, the wave emitter

comprises a light emitting diode.

The electromagnetic wave detector may be replaced by other kinds of wave
detectors, such as sound wave detectors. Exemplary sound waves include but are not
limited to ultrasound waves and sound waves which have wavelengths that are within the

human audible hearing range. Preferably, the wave detector of the sensing device is an



Preferably, the sensing device is a refl ectance-based sensing device which
relies on the detection of reflected%aves to gi ve a useful reading or
measurenent. I n one enbodi nent, the sensing device is capable of working as
both a refl ectance-based sensing device and a transm ttance-based sensing
devi celeatrdmiagnetipainedaécide Exetiptany etbcrahbgretiosvaney islude but anenet timiget! waves
to give a useful reading or nmeasurenent. In sone enbodi nents, the sensing
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of sensing a plurality of different paraneters, for exanple, the sensing
devi ceoiRYis8€ aGphpadeteddr. sSensi ng pressure or force applied to a surface as
well as light reflected off the surface. In certain enbodi nents, the
sensing device is a medical sensing device that is configured to sense a
paranmeter that is useful to nmeasure a physiol ogical characteristic.
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of the wave emitter and the detection surface of the wave detector are on substantially
parallel planes. The emission surface of the wave emitter and the detection surface of the

wave detector may also be on substantially the same plane.

The force transmitting member of the sensing device may be configured to be displaced
from a default starting posttion upon application of the force to said member. In one embodiment,
the force transmitting member displaces relative to at least one of the wave detector and wave
emitter. Preferably, the force transmitting member is still capable of substantially preventing
waves emitted by the wave emitter from travelling directly to the wave detector throughout the
application of force on the force transmitting member, where the force transmitting member is
displaced from the starting point to its maximum displacement distance from the starting position.
in another embodiment, the force transmifting member is not substantially displaced or
deformed, but merely allows an applied force to be transmitted fo a sensor beneath the wave
detector and emitter. The force transmitting member may be disposed between the wave

emitter and the wave detector for



conprises a photo detector. I n one enbodi nent, the base of the wave
emtter and the base of the wave detector are di sposed on substantially the
sanme plane. In other enbodi nents, the base of the wave emtter and the base
of the wave detector nmay be disposed on different planes but which are
substantially parallel to each other.,,The planes disclosed in the above
enbodi nents may be planes that are substantially parallel to the base of

t he senssutgtantiatlygeeventingwevesntroittednbptthe whee amiter &t travelling direily do dist ect or
are di sposed on a same substrate. In another enbodi nent, the wave em tter
and t he wawee détectoct Fhe diowedirsponitiog onerdbdrf e nalss Uave r ateosiguationr ali sposed
on substantially the same plane. |In one enbodi nent, the em ssion surface of
t he wavesuhstantially renentshwavgst ereitted oy fhe sere gmittendo Wavak diestide dre Waee on
substantially parallel planes. The em ssion surface of the wave enmtter and
t he det edetedpr SYeh sewfigufatiohmaydpe sftclEdldl sheRe sgrdiguBlion, os axEtRh el 1y t he
sane pl ane. The force transmtti ngﬂmenber of the sensi n%ﬁdevi ce my
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fromthe starting position. In another enbodinent, the force transmtting

nenber i gamiitting REBBE hay ServlioTBhaees dintct RS Tsightiror tie waketlelectth toms an
applied force to be transmtted to a sensor beneath the wave detector and

em tter. wile efittet.Cint & RiRsfeirdd ienBodimahie thaTiyyce Fakkinsitiog enkriitedr \ie @fonbéte inave

emtter and the wave detector for 10
shape. The force transmitting member may also be a columnar structure or a cylindrical
structure and may have a solid or hollow core without compromising on ifs ability to
substantially prevent waves emitted.by the wave emitter from travelling directly to the wave
detector. The force transmitting member may comprise an overhead component extended
;Jutwards for increasing the surface area available to substantially prevent waves emitted
from the wave emitter to travel directly to the wave detector. in one embodiment, the force
transmitting member has a longitudinal cross section that resembles a “T" or an “1" shape.
_Preferably, the force transmitting member is made of a material that is substantiatly
impermeable to waves emitted by the wave emitter, such that the waves emitted from the
wave emitter is substantially prevented from travelling directly to the wave detector. In some
embodiments, the force transmitting member is coqt_e_ed with a coating layer that is
substantially impermeable to waves emitted by the wave emitter, such that the waves
emitted from the wave emitter is substantially prevented from travelling directly to the wave
detector. In one embodiment, the force transmitting member is made of a material that is

sufficiently rigid to be able to transmit a force applied thereto without an appreciabie

deformation. In one embodiment the force transmitting member is made of polymers. The



substantially preventing waves emtted by the wave emtter fromtravelling
directly to the wave detector. The force transmtting nenber nay al so have
a configuration that substantially prevents waves entted fromthe wave
emtter to travel directly to the wave detector. Such configuration may be
a structural or shape configuration. ;For exanple, the force transmtting
menber may have a portion extendi ng between the wave emtter and wave

det ect or polyko@remeyniog peledted Fomea araypdioneipling, oft s eoldma desin.oh ¥yl aGekde-menber
is disposed in positions other than between the wave enitter and wave

det ect orethyleneheppolmen aivinyLipfmesnan agylicdesin, 2 ceflvipRa dprivatye agf aolvolefiat i s
still capable of substantially preventing waves emtted fromthe wave
ori tter Incpariculas) tiRObEETS, Ma DerReIeEd IR s S1GHP CTREURG A @OV EUML MY i ng
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Preferably, e force transmtting nenber is made of a material that is
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the waves emtted fromthe wave emtter is substantially prevented from
travel | i agbstirhets, tie foce thanswetigg ciembert is Isubstantisiynnaddfarthahie ninsgitetriativef or ce
transmtting menber is coated with a coating layer that is substantially

i nper neadhisodiroemtaibs farod trapsiniting rembes ise defeintabler wheyue Hore g apied daltes
emtted fromthe wave emtter is substantially prevented fromtravelling

di r ect | yAcaordingly. Wee/detertior of the appieddawe aiayRf bASRE onthrdedpe ef defaimatien t i ng
menber is made of a material that is squicLentIy.ri@jg tg?gqﬂﬁb}e to
transni t ©PefigEa by K PEg RRIPENG METIRsuln S &RTTPe b ISIBPE G BPHEE (%F 1 n one
enbodi nent the force trapsmttin [l f I [ 1

pol yner st qﬁ@?@grﬁsﬁg&@fpgﬁﬁk<gﬁﬁﬁﬁgﬁgﬁg?§¥$ﬁﬁg§9V§95§W§9?ﬁ;ﬁyﬁg§%n, a

vi nyl acet - I » I j ; Al i a

cel | ul oS g e Toh ARG BN K palk dhéHor BLURRL o BORRRM A TRIE D e
selectedsgggﬂbqgg_group consi sting of poly(ethyl vinyl acetate),
ponetherﬁe, pol ypropyl ene, polystyrene polyam de. In one enbodi nent, the
material of the force transmtting nenber conprises at | east one of ABS
(Acrylonitril e butadiene styrene) and PC (Pol ycarbonate). Preferably, the
force transmTHe sunsiigrdeeice irsaysfulthéracdmmise ya aysiigrutemediist epuptetli toahg fortde force
transmtting nenber nay be translucent as |long as the anmount of I|ight

al | owed transpiittisg mhmbergbr wbesngthe ferad Sanamiiting membegtetthe sliaging ppeitan aflee

readi ngs of the wave detector. The force transmtting nmenber may be

manuf act an epblisy fosteais reroavesdiom thg forse gisplaceablel raermbar dP ¥, resiinnb Mears BaY

mol di ng, injection nolding etc. In sgome enbodi nents, the force tr@nsnitting
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of deformation experienced by the force transmtting nenber. In such cases,

it is preferable that the force transmtting nenber is still capable of
substantial | y_preventi A b ! tgavel ling
directly to “Hém§éng8@%@@?%$§?ﬁﬂ%h% gﬁf¥?%gggggﬁghE?I%ISﬁﬂgﬁgghforce IS

appl i ed &&Féet%r ar pre sure SRRt U 10%hsd6Yy G@ué@wntfel;gh%ﬁtfé'abf'}qmié)%uﬂeﬁ fsthé | ent

means coup e force transmtting nenbe or returning the force
transm t {00y JRMERg tertf2e 15t Bklebdg PR SofdeORardfdittld By tRP RIS daheifiiRg | S
removed fromthe torce displaceable nenber. Such resilient nmeans may
conprise a spring or a material having sufficient flexural strength to flex
when a bending force is applied and to substantially return to its original
shape upon renoval of the force. I n one enbodi nent, the sensing

devi ce di scl osed herein further conprises a force detector or pressure
sensor (the terns may be used interchangeably herein) coupled to the force
transmtting menber for detecting the force transmtted by the force
transmtting



12 nmenber. Via the force transmtting nenber, the force detector or
pressure sensor can detect the anmount of pressure that has been applied by
a body part of the user, such as a finger. The force detector nay conprise
a mcroel ectronechani cal system (MEMs). In one enbodi nent, the force
detector conprises a piezo-based sensor which neasures the force applied to
a material by correlating based on phigsical and/or electrical property
EB?“?ES ng{erqtblgﬁ %E}ﬁ% Stke %ﬁ%ﬁmgmw CHe RICCIAICH PRIKId hnkRRahnCl ude

m 0 Crys ceram cs or sem conductors. The el ectrical

property change %m%ﬂ{&. df rbféfglg% ’cll?:;'dthtaél bEeQbpiibi BY b&bdl Pak RAME&Rel, Buch as a

conductivity, resistivity, resistance, capacitance and/ or generated

el ectri Cfiﬁ{kﬁ‘_rﬂ% Rfcel defeciBRhdy! Rlnpridd8 nibreaectiAelarikn§Rient MEMS! artord from
t he group f

onsisting of a prezoelectric based sensor, a piezoresistive

based sepg@bdimdnPiRZecaRRM O ¢EmPREed menIAedEerisbewhitk meadtentdifogby, the
force detector or pressure sensor may be in the formof a thin film

f1 exi bl e applieatt€d roatedallioy comphttgesatéd on bhysicl atitorstridals@osoty. chihges of
conponents of the force detector or pressure sensor may be inplenmented in
t he for myef matefbe dies to neschanick) estress: Ghich/roatarfial uanainéliede biitnis encd riplited yto
enbodi ments, the force transmtting menber is rested on the force sensor
and transiystats, chremicsra semnohiietprs. nkhectlecticgl piepetbehaageeraioinclipie Refare
substantial displacenment or deformation of the force transmtting nenber.
In such enblisoitedeintobanggisiin cordvrivity repibtiiwresistanse. GaPAHARE; BRI HaeHr esent

(for e.g. in a mcroscale), these disp]lacenents or defaormtions nmay not be
appr eci allestricocharge Rh kS fal, | Thes 'E??ﬁgo‘?el‘?ﬁ?ft gan F%ga?ﬁrl‘?g}n'ﬂ?etp Prenber

is an integral part.of the force sensor.. The. .fo r Jarce
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When the Torce transmtting nenber is defornmable upon application of a
force thepgpshentd 6 thetdiee SAEREH @ pré¥sulel RASHBaSIEN Biplenienyeddp tiectorh g aappl i ed

force based on the degree of defornation experienced by the force

t ransm t tmgtsiaiEsidge lorc@idvafiguestioad imerirplarp elmbodiftents ethedarse tiangmitting
meﬁber is rested on the force sensor and transmits the force applied thereto to the force
sensor without substantial displacement or deformation of the force transmiﬁing member. In
such embodiments, while some displacement or deformation may be present (for e.g. in a
microscale), these displacements or deformations may not be appreciable to the naked eye.

In some embodiments, the transmitting member is an integral part of the force sensor. The

force sensor and the force transmitting member may form a single body.

In alternative embodiments, the force detector or pressure sensor can detect the
force transmitted by mechanical means, for example by an appreciable amount of
displacement or by electrical means, for example by change of resistance. When the force
transmitting member is deformable upon application of a force thereon, the force detector or
pressure sensor may detect the applied force based on the degree of deformation

experienced by the force transmitting member. In other embodiments, other force measuring



device that is capable of sensing an applied contact force may al so be
used. In sone enbodi nents, the force detector or pressure sensor is

positi oned bel ow the wave sensor and wave detector. The surface which
reflects the waves to the wave detector for detection may conprise a
surface portion of a user for neasureggent. The surface portion nmay be a
living tissue such as a surface of a finger, surface of an ear | obe or any
part of devicebibdl isheapabliheof dessingdn rmpaingr edmtast fige Mmsy cisc e Yesthr'AceBE st i cs.

I n one enbodi ment, the sensing device is capable of detectin

phot opl eemiadimentaphy fqrepdyteatpiypraprasshirosnsAk SHpstigad, below the wiye sgagor

enbodi nent, the disclosed sensing device conprises a feedback unit coupl ed
to the fertwavgededddBr, the feedback unit being configured to correlate the
quality of the detected wave with the anmount of force applied to the force
transmtting nmenber and provide feedback related to the correlation. The

f eedback unit_nma e a unit detachable from.t S i eyl I one
embodi nent s, Tm%gwgﬁaﬂgaa‘Hﬁ%tsi@edwﬂﬁﬁtwiﬁ%eﬁ%ﬁtg%Eprﬁgtﬁgﬁgg%éﬁbg devi ce
or vice versa. The fe C i Snalivirgpbi | e
processi ﬁ%{"‘ﬂ'g\?iacse‘{ﬁafensgsirg(?rne&eéj ggif%%%?re%gﬁ@ggﬁggg%ggﬂmﬁi t i !alwga)
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t han t he rggest drmension of the detachable feedback unit.

Pr ef er ablyygirehiMoadinabi QRESISHRS bBadiaistice 1h uhé BRBbodhasY the esnsindmvikng f or
housi ng the wave emtter, wave detector and force transmtting nenber,

wher ei N thRpikiSeRetingphanarRigsmbgapyqPPapsighalsitdrutralsufags. dity to the
sensi ng devi ce. The housing may al so house the additional conponents that
are described above. In one enbodi nent, the housing is nade of polyners.
The polymers may be selected froma group consisting of a polyvinyl resin,
a vinyl acet ahesnetemplodiment thealistipsed sensinarigvicp 6pprses afppdpasiyniteopRled n, o
cellul ose derivative and a polyolefin. In particular, th% pol yers, may be
sel ect edtd thenforasedejeeien theofeenack igitoheingy Pigyngy | to cpyelate the quality of the

detected wave with the amount of force applied to the force transmitting member and

provide feedback related to the correlation. The feedback unit may be a unit detachable from

the sensing device. In some embodiments, the feedback unit is a unit integrated with the

sensing device or vice versa. The feedback unit may be a component of a personal mobile

processing device. In some embodiments, when the feedback unit is a detachable unit, the

largest dimension of the sensing device is smalier than the largest dimension of the

detachable feedback unit.

Preferably, the disclosed sensing device further comprises a housing for housing the
wave emitter, wave detector and force transmitting member, wherein the housing is adapted
to provide structural rigidity to the sensing device. The housing may also house the
additional components that are described above. In one embodiment, the housing is made of
polymers. The polymers may be selected from a group consisting of a polyvinyl resin, a vinyl
acetate-ethylene copolymer, a vinyl polymer, an acrylic resin, a cellulose derivative and a

polyolefin. In particular, the polymers may be selected from the group consisting of poly{ethyi



vinyl acetate), polyethylene, polypropylene, polystyrene and pol yam de. In
one enbodi nent, the material of the housing conprises at |east one of ABS
(Acrylonitrile butadiene styrene) and PC (Pol ycarbonate). The housi ng may be
manuf actured by plastics nolding, such as cold nol ding, conpression
mol di ng, injection nolding etc. The sensing device may further
conprise a cantilever neans coupled tb said force transmtting nenber for
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I ng ans o ousi ng. The mat’ing neans o
cant i | ever Th@iag, BaMpRasiaMholiNgSihfdlion Mading Bict hat is capabl e of mating with
t he mat chi ng neans 019 the housing so that the cantilever neans can fit
snugly within the housing. Likew se, the matchi ng neans of the housi ng may
be any physical feature that is capable of mating with the mati ng nmeans of
t he canti | everheeamsingt devies anaydiarisa comprigng agetieet nshes ewiptdd. to Isaiddfaee
enbodi nent, the mating neans conprises one or nore features selected from
t he gr oupraesmitingtrevgpen forargmsmitingsaroexerted ddree by @rcantibyar meanent éx therfgicen and
the like, while the matching nmeans conprises one or nore features sel ected
fr om t he tgnemiinganekeari Thy edntilgvéroneansanai bejaheardike sirugiwessBpoteg i #ig,
aperture and the like. In another enbodi ment, the matchi ng nmeans conprises
one or misast peafulsids. 1§ oneeMbadimesinWhRR ket BhectiFaIny 1S ¢igposed gt peotdudi on,
proj ection, abutnpent, extensio i k
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structure. The sensing device may al so further conprise a

coupl i NG HERERE 'LileMiseCRIERhAtATnd MeaRs 6nthe hb@ingomag Bs ahnghydial aturhithahisi s
configured to process the signals fromthe sensing device. The coupling
menber MappaeTf imsing Wit dheC ot inGsaihe ool therdanti&veanpeas ©f ppoidsi deceredat a
comuni cation ports include but are not limted to a Universal Serial Bus
(USB) porengagemenEfiera@td ipone, ersbasisndral thp onatingampansatdrerisppone of Meesonal
Conmputer Menory Card International Association (PCMCIA) port, an

| nt er - | ntfexjvras selectpd Fomtthg greap cprfisting &f spEtusicp RIpieEion SPRLEAaeAY StRNSio8ce
(SCSl) port, an optical port, a coaxial port, a Regg' st ered J\%Ct' 45@%RJ45)
port and 3R iRy ks spiiaithgABRiching (MR31S SOrRIISES oBe SHMBTeHRLIRTREGIEA M Bt i on
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must be aced.” For exanp e orientation-free neasurenment surface does

not requig & kRempHedsa@ dr Indie A6 delbBled@ MYmRAE Picﬁlkl'c%hsi&l’nbﬂ:l?faaﬁdlé?%lot.as | ong
as the surface in contact with the orientation-free neasurenent surface, is

capabl e QfepreaéibRGbidRs, ddefingNbidiak ARVAS ke WasfdgiblyhBothanemdirigedbarts. ardn one
enbodi nent, the orientation-free neasurenent surface is not a clip or a
cuf f, whisdichig Hietes atehsteppiidl startires that det esmemerdtany texamoplothen hiotger, to
be placed in a particular orientation. In some enbodi nents, the

ori ent at ienbobiientsyiesuantievantimesans freayeoedusetsof ting foceertparissétinapemberrandivicel  or
adhesi ve neans to urge the nmeasurenent surface towards the surface that is
to be detvesmeuich Fat beth dptantileiver roeans andisbel forsriransmitting wember fatm asinglece
measur enent surface does not conprise an adhesive patch, a cuff or a clip
to provi deitan strediéreent conpressi ve or adhesive force to urge the
nmeasurenment surface towards the surface that is to be detected. In sone
enbodi ments, the orientation-free neasurenent surface is capable of
advant ageously detecting a 2-di mensi onal surface as conpared to a



16 clip or cuff, which requires that the portion of the user to be detected
to be 3-dinensional, in order to ensure sufficient engagenent with the clip
or the cuff for detection purposes. The neasurenent surface nay have a
surface area no larger than 60 cn2, no larger than 50 cn2, no | arger than
40 cn2, no larger than 30 cn2, no larger than 25 cn2, no |arger than 20
cm, no larger than 15 cn2, or no larger than 10 cn®. Preferably, the
contact of the orientation-free neasurenent surface with a surface portion
of a user that is to be detected is carried out by a force applied by the
user. Thesensing davise mavodisadiegher asepresia Feurlipng BYaPRRiG ﬁo@g'?%‘ior?g devi ce
conprising providing a wave emtter for emtting waves to a surface;

provi di rifenalaiecegeine devise MBichdatcopiguryl ichBroessst B FIangFelom Hbg sefsing
reflected fromthe surface emtting waves to a surface fr a mqve emtter;
posi ti orffefea Therourling JRERPET MAY % o 1R GOTE IS PO BRSHES B and
wave detector for substantially .preyeptin € mtted b e ve
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deformati on nay be present (for e.g. 1n a mcroscale), these displacenents

or def or ralibopst sRYa RebisleRdRiRk a¢i(RIM B don, & Be plaksfe@Yfconhétioh kedhnas i ve
enbodi ments, the force transmtting nenber is configured to be displ aced

froma saf hiddOinPRs I AgpR® HHPBRE RPIE TohPitedf Ind., IOUbEMEiné, 0CCARbASERSIQF The
met hod may further conprise housing the wave emtter, wave detector and
force trmobilddaeviceg nenber in a housing. The sensing device and its
conponents disclosed in the nethod may be simlar to those described in
par agr aphs above.

In one embodiment, the sensing device further comprises a measurement surface for
receiving a surface portion of the user. The measurement surface can be an orientation-free
surface which is not limited to a single orientation at which the surface must be placed. For
example, the orientation-free measurement surface does not require the surface to be
placed in any particular orientation, as long as the surface in contact with the orientation-free
measurement surface, is capable of reflecting the emitted waves towards the wave detector.
In one embodiment, the orientation-free measurement surface is not a clip or a cuff, which
requires the surface to be detected, for example a finger, to be placed in a particular
orientation. In some embodiments, the orientation-free measurement surface does not
comptise any mechanical or adhesive means to urge the measurement surface towards the
surface that is to be detected. For example, in some embodiments, the orientation-free
measurement surface does not comprise an adhesive patch, a cuff or a clip to provide an
inherent compressive or adhesive force to urge the measurement surface towards the
surface that is to be detected. In some embodiments, the orientation-free measurement

surface is capable of advantageously detecting a 2-dimensional surface as compared to a



17 There is also provided a personal nobile sensing system conpri sing
a sensing device and a personal nobile processing device for coupling to

t he sensing device to process a signal obtained fromsaid sensing device.
The sensing device and its conmponents disclosed in the system may be
simlar to those described in paragraphs above. In one enbodi nent, the
personal nobile processing device is Belected fromthe group consisting of

a mobi | eclﬁgﬁgg%ov%icgwg{?%%%'thét%Petpﬂi&io%odm‘rét er togqeocf‘ertét?ébatb bﬁe%b&iﬁten&&ﬂ?% er, a

per sonal uter, a personal digit assl stant and a persona
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processi ng the signa ta romthe sensing devices nay al so be used.

The sensj ags deMi R QuBeE RSy REWPh 8drs@ 4188 nBa&GE AN BO R End IR 38dmsD devi ce
via a data comruni cation port described above. In one enbodi nent, the
Sensi Ng gavinG fardes tHaRUDI B, APiatdRe tHAAIOME, ndVRgdr ehar ZLER%S nd Garg@\th@e20 N a
cabl el ess configuration, that 1s, wthout the use of wires or cables
ext endi ngmf heMr§diendersatabs dnhgbends agessi ng device to the sensing device.
I n one enbodi ment, the sensing device is substantially smaller than the
pal m of an average adult. The sensing device disclosed herein may be
an optical neasurenent device for obtaining non-invasive physi ol ogi cal
measur enent s Frefarably, fite tondact of tHei orientption-Fee eneaFitembntr sface witls @i swiapg) menber
and/ or force detector disclosed herein may be part of a pressure detection
assenbl ypartorf ofguursedthatis thebedateciedis oarrigd oyl kyya faice arpligd oy #1e ysebssure appl i ed
by a body part of a user to the device during the optical neasurenent. Wen
a user applies an appropriate amount of pressure to the optical neasurenent
device, the resulting signal-to-noise ratio of the detected.o ticgl
measur ement  s|T§FRAIS alsoReevided ampihad 35 iPEPRTAS §7Neig, Aewics fapPr rgeding
i ncreased, and a re accurate nmeasurenent can be ohtained fromt user.
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detector for substantially preventing waves emitted by the wave emitter from travelling

directly to the wave detector, wherein the force transmitting member is configured to
transmit a force applied thereto for detection. In exemplary embodiments, the force
transmitting member is rested on a force sensor and transmits the force applied thereto to
the force sensor without substantial displacement or deformation of the force transmitting
member. In such embodiments, while some displacement or deformation may be present
{for e.g. in a microscale), these displacements or deformations may not be appreciable to
the naked eye. In alternative embodiments, the force transmitting member is configured to
be displaced from a stariing position upon application of a force to said member. The
method may further comprise housing the wave emitter, wave detector and force
transmitting member in a housing. The sensing device and its components disclosed in the

method may be similar to those described in paragraphs above.



or maintained at the sane level in order to continually obtain the highest
quality signal. The optical neasurenent device can therefore provide an
optimal pressure determ nation custom zed for each individual user, thereby
obtaining a resulting optiml neasurenent signal for each user. In this
regard, the sensing device may conprijge or nmay be coupled to a feedback
unit configured to correlate the quality of the detected signal with the
anount of appiheedispales pravisled nal pprsondl drotfile eagbaiok syt GUNANSING e SEBINGel at i on
to the user as described above. _ The feedback nmay be an indication of
whet her deviseuanst a siemend mapiles procersingndnyive foF cpYrYgs (e dNHEEMRYYapiee?® to t he
illum nation and detection assenbly. The feedback may display a range of
optinal RIpeAss @pignabaiaipekirem said sepsing devise athesensap e '@(f“ﬂr’téé'ﬂf’%“eﬁ@i ng
applied by the user. The range of optj nal %ggbugd gress re nay!correspond
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assenbly configured to out put ght to a portion of Iving tissue of a

user and,dedRel deliB8SWhith 8f Qipahieior peicskinyl 188 kigaals db&irgBaom thegetigect ed
signal may be a photopl et hysnography (PPG signal. The illum nation

and det egdvicaB &5 8185 Ibg, used e 14 EensiySEViveymay e foeapld ok thenpdrsamal mobile
integrated into a portable device. The portabl e device nay be confi gured
with a pprotsdsing\dedite vialahdta asrhmanieation gett desdribad abeeninl dneeniedinenplthe al ity
of pressure assenblies. The illum nation and detection assenbly and the
pr essur esasing ntévjcerrisy couptatutd dbe derdonal Mbile GEAPESRING gaviee dver cablplesel ess
network. 19

configuration, that is, without the use of wires or cables extending from the personal mobile

processing device to the sensing device. In one embodiment, the sensing device is

substantially smaller than the palm of an average adult.

The sensing device disclosed herein may be an optical measurement device for
obtaining non-invasive physiological measurements from a portion of living tissue. The force
transmitting member andfor force detector disclosed herein may be part of a pressure
detection assembly configured fo detect and/or display an amount of pressure applied by a
body part of a user to the device during the optical measurement. When a user applies an
appropriate amount of pressure to the optical measurement device, the resulting signal-to-
noise ratio of the detected optical measurement signal, such as a photoplethysmography
signal, can be increased, and a more accurate measurement can be obtained from the user.
An optimum pressure can be determined in real-time by analyzing the detected optical
measurement signal and correlating a high signal-to-noise ratio portion of the signal with a
corresponding applied pressure. The user is then provided real-time feedback indicating

whether the amount of pressure being applied by the user should be increased, decreased



There is also provided a nmethod for detecting a physiol ogical signal using

an optical neasurenent device conprising: illumnating a portion of |iving
ti ssue of a user and detecting transmtted or reflected Iight as a signal
using an illum nation and detection assenbly discl osed above; detecting an
anount of pressure applied by the portion of living tissue of the user to
the illum nation and detection assenbBy using a pressure detection assenbly
di scl osed ahove; reI ' ' t he
amount of" ppere S eSele AL MLt obla HF BRI P OB Th

correl atj %a[t Rwetag.EeHgl‘?tr dér@cl.engarile tlﬁeﬁ'@ﬂf@‘b%vl&@' bn Hplieho pRAs@E OXertifatioRt hod

may i ncl ¢ e providing an indication to the user of whether the anount of

Pressure, rﬂQedafb?léé@ﬁ tﬁcﬂn&d’éﬁ ubérl ‘H’f@ré}ﬁt bENAGh ARLEAE opfimaSAessalemenboul d be

adjusted may I nclude displaying a range of optinmal applied

pr essur egqo | @ Gakh &é?zr iR el sl thaRBhdiIRFidVIce F5ayRmpaseg rgid elplby td he user .
The netho% may i nclude providing a range of optiml applied pressures al ong
whi ch cofbgsfanei dosfigireit 1t @reftez e quelitpos ther détegtsdesignat eith Tieametiel may

i ncl ude requesting the user to increase, decrease or naintain the applied
pressur eapplibg prazsivecandeyovidec feadieackli relptedyto e eorredation tto the wdes @aldeswibpdit of

the detected signal and the detected applied pressure. The nethod may

i ncl ude agwavei di ng f eedback on a display of a conputer with a processor and
a nenory. There is al so provided a conmputer program product for
detecting a physiological signal using an optical neasurenent device, the

conput er program product enbodi ed on a co u er readahl e i um and ,when
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measuring site and the light transmitted through the neasuring site.
Exenpl ar gompitedinchedinga deosesseh atenmnsy aidya displaY. ze redirecting refl ections of
light on its way towards the neasuring site (i.e. blood vessels) back to
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signal . goiect transmitted or reflected light as a signal. The detected signal may be a

photoplethysmography (PPG) signal.

The illumination and detection assembly, pressure assembly and feedback unit may
be integrated into a portable device. The portable device may be configured with a plurality
of Hlumination and detection assemblies and a plurality of pressure assemblies. The
ilumination and detection assembly and the pressure assembly may communicate with the

feedback unit over a wireless network.



BRI EF DESCRI PTI ON OF THE DRAW NGS Exanpl e enbodi nents of the

invention will be better understood and readily apparent to one of ordinary
skill in the art fromthe following witten description, by way of exanple
only, and in conjunction with the draw ngs, in which: FIG 1Ais a

cross-sectional view of a sensing deyjce in accordance wth one embodi nent
di scl osed herein. FIG 1B is an exploded view of the sensing device of FIG
1A, 21

There is also provided a method for detecting a physiclogical signal using an optical
measurement device comprising: illuminating a portion of kving tissue of a user and
detecting transmitted or reflected light as a signal using an iltumination and detection
assembly disciosed above; detecting an amount of pressure applied by the portion of living
tissue of the user to the illumination and detection assembly using a pressure detection
assembly disclosed above; correlating the quality of the detected signal with the amount of
applied pressure; and providing feedback related to the correlation to the user using a
feedback unit disciosed above The method may include providing an indication to the user
of whether the amount of pressure being applied to the illumination and detection assembly
should be adiusted. The method may include displaying a range of optimal applied
pressures along with the actual applied pressure being applied by the user. The method may
include providing a range of optimal applied pressures along which corresponds to a state of
zero transmural pressure. The method may include requesting the user to increase,
decrease or maintain the applied pressure. The method may include displaying a real-time
visual output of the detected signal and the detected applied pressure. The method may

include providing feedback on a display of a computer with a processor and a memory.

There is also provided a computer program product for detecting a physiological
signal using an optical measurement device, the computer program product embodied on a
computer readable medium and when executed by a computer with a processor and a
memory, performs the method comprising: illuminating a portion of living tissue of a user and
detecting transmitted or reflected light as a signal using an illumination and detection
assembly disclosed above; detecting an amount of pressure applied by the portion of living
tissue of the user to the illumination and detection assembly; correlating the quality of the
detected signal with the amount of applied pressure; and providing feedback related to the

correlation to the user.



FIG 2A is a cross-sectional view of a cantilever type sensi

ng device in

accordance with anot her enbodi nent disclosed herein. FIG 2B is an expl oded

view of the sensing device of FIG 2A FIG 2Cis a si
of Fig. 2A showing only the main conmponents that may be usef

nplified view
ul for

transmttance and sensing of an exerted force. FIG 2D and FIG 2E
are schematics of an exenplary cantil®ver type force application.
FIG 2F is a perspective view of the underside of the transparent plastic

pi ece and the top portion of the plastic housing of FIG 28.

is an expl oded view of another exenpl ar nbodj n
di scl oseg heryemplary embodiments describgg) herein also segll< {’ga prgvigef atdg\(?lces

| FIG 2G
SRRhOgogevi oo

capable of augmenting signal to noise ratio in an optical signal of an illuminated region at a
measuring site of a body part of a user. Exemplary embodiments also provide for detecting
the optical response formed by both light refiected from the measuring site and the light
transmitted through the measuring site. Exemplary embodiments described herein utilize
redirecting reflections of light on its way towards the measuring site (i.e. blood vessels) back

to the region of interest.

In an additional exemplary embodiment, the device may perform a series of
calibration steps for each individual user in order to determine an optimum range of pressure

for each individual. The subsequent steps of capturing the PPG signal will then use the

predetermined optimum range as the benchmark for obtaining an optimum PPG signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the invention will be better understood and readily apparent

to one of ordinary skill in the art from the following written description, by way

only, and in conjunction with the drawings, in which:

of example

FIG. 1A is a cross-sectional view of a sensing device in accordance with one

embodiment disclosed herein.

FIG. 1B is an exploded view of the sensing device of FIG. 1A.

FIG. 1C is a simplified exemplary representative circuit diagram for implementing one

embodiment of the piezo-based sensor disclosed herein.



FIG 2H is a cross-sectional view of an assenbl ed sensing device of FIG 2A
at various levels of stripping to enphasize the structure of the
transparent plastic piece. FIG 21 is a cross-sectional view of an
assenbl ed sensing device of FIG 2G at various |levels of stripping to
enphasi ze the structure of the opaqug,or substantially opaque plastic

pi ece. 22 FIG 3 is an illustration of a cross-section of a bl ood
vessel when a | ow external pressure is applied. FIG 4 is an
illustration of the cross-section of the blood vessel when a hi gh external
pressure is dappl el a cross- -sectional view of a cantilever type sensing device in accordance

with another embodiment disclosed herein.

FIG. 2B is an exploded view of the sensing device of FIG. 2A.

FIG. 2C is a simplified view of Fig. 2A showing only the main components that may

be useful for transmittance and sensing of an exerted force.

FiG. 2D and FIG. 2E are schematics of an exemplary cantilever type force

application.

FIG. 2F is a perspective view of the underside of the transparent plastic piece and

the top portion of the plastic housing of FIG. 2B.

FIG. 2G is an exploded view of another exemplary embodiment of the sensing device

disclosed herein.

FIG. 2H is a cross-sectional view of an assembled sensing device of FIG. 2A at

various levels of stripping to emphasize the structure of the transparent plastic piece.

FIG. 21 is a cross-sectional view of an assembled sensing device of FIG. 2G, at
various levels of stripping to emphasize the structure of the opaque or substantially opaque

plastic piece.



FIG 5 is a graphical illustration of an anplitude of a PPG signal received
during increasing anounts of external pressure in a state of zero
transmural pressure. FIG 6 is an expanded view illustration of one
enbodi ment of a nethod of using the sensing device with the human finger to
detect the bl ood pressure of the human, according to one exenplary

enbodi nment . FIG 7 illustrates2a graphical conparison of a graph of

nmeasured vol tage of a PPG sig fa over tj mafasbllt Corres onds to aph of
an applied andtnt 'Bfa"p'PLé%@lﬁrbo 0% SFOSPysfgion of a bloog-yegsel e%ﬁao‘ﬁlfxﬁ'%ustrate
a feedback unit (Q as a portable device with a display, in connection
with onep@ﬁ%ﬁisrﬁ?ﬁkl f the sensing device and a user's interaction
therewith, according to an exenplary enbodi nent. FIG 9 illustrates a
graphi cal user interface (GUJ ) on the display, including a graphical

representati gfc0f, |§3£P&t§3'tl9f’i@" th?@%s@sgn%@ma} E‘n@lbld’oﬁ%gs%?ﬂ&@ﬁ E‘Pigah_chteﬁml i ed

pressure, according to an exe illustrates a
port abl eﬁgggdrg%éd%&grat ed vvlth a sensing deV| ce accordl ng to an exenplary

enbodi
FIG. 5 is a graphical illustration of an amplitude of a PPG signal received during

increasing amounts of external pressure in a state of zero transmural pressure.

FIG. 6 is an expanded view illustration of one embodiment of a method of using the
sensing device with the human finger to detect the blood pressure of the human, according

to one exemplary embodiment.

FIG. 7 iliustrates a graphical comparison of a graph of measured voltage of a PPG

signal over time as it corresponds to a graph of an applied amount of pressure over time.

FIGs. 8A and 8B illustrate a feedback unit, such as a portable device with a display,
in connection with one embodiment of the sensing device and a user's interaction therewith,

according to an exemplary embodiment.

FIG. 9 illustrates a graphical user interface (GUI) on the display, including a graphicat
representation of a PPG signal and a graphical representation of applied pressure,

according to an exemplary embodiment.

FiG. 10 illustrates a portable device integrated with a sensing device, according to an

exemplary embodiment.



23 FI Gs. 11A and 118 illustrate a portable device connected with a
sensing device configured in a | andscape orientation and a user's
interaction therewith, according to an exenplary enbodi nent. Fl Gs.
12A and 128 illustrate a portable device integrated with a plurality of
sensing devices in a | andscape orientation and a user's interaction
therewith, according to an exenplary enbodi nent. _ FIGs. 13A and 13B

i |l ustrate aFos.tHA endddiB dustrate egpetabie dpvise eOPrREIPAMIt2 SENSNINEYR§ devi ces
| ocated on a side portion of the portable device, according to an exenplary
enbodi nesenfigured in a landsapeoriegtagien anthandReHs wf%f\ﬁﬁtfq"ltn%rﬁ\“’ﬁ'f»if&%"fes’f“g A3 ternate
enbodi nent of a nethod of using the sensing device wth the human finger to

det ect t¥remMplaBLeMPRERXYr e of the human, according to one exenplary
enbodi nent .

FIGs. 12A and 128 illustrate a portable device integrated with a plurality of sensing
devices in a landscape orientation and a user’s interaction therewith, according to an

exemplary embodiment.

FiGs. 13A and 13B illustrate a portable device integrated with a plurality of sensing
devices located on a side portion of the portable device, according to an exemplary

embodiment.

FIG. 14 is an expanded view illustration of an alternate embodiment of a method of
using the sensing device with the human finger to detect the blood pressure of the human,

according to one exemplary embodiment.

FIG. 15 is a block diagram of a sensing device, according to an exemplary

embodiment.

FIGs. 16A, 16B and 16C are graphical illustrations of signals used in the process of
obtaining a direct current (DC) component of the PPG signal, according to an exemplary

embodiment.

FIG. 17 is an illustration of a sequence of data collection performed during the

process of obtaining the PPG signal, according to an exemplary embodiment.



FIG 15 is a block diagram of a sensing device, according to an exenplary

enbodi ment. FI Gs. 16A, 16B and 16C are graphical illustrations of
signal s used in the process of obtaining a direct current (DC) conponent of
the PPG signal, according to an exenpl ary enbodi nent. FIG 17 is an

illustration of a sequence of data collection perfornmed during the process
of obtaining the PPG signal, accordiny to an exenpl ary enbodi nent. 24

FIG 18 is a HOWERAY bioh! LRliRidag 2 MBS ol hd BOG B8ndIA 81 gnal

on a sensi ng devi ce usi ng he pressur etection assenbly,

accor di nq.f Q9. AleG4E TBhG 1¥edBIBOAILAERE - pressure detection assembly, according to an

exemplary embodiment.

FIGs. 19A, 19B and 19C are graphical representations of the correlation between a
PPG waveform and an applied pressure, as would be used in the method of measuring an

optimal PPG signal, according to an exemplary embodiment.

FIG. 20 is a block diagram of a computer system upon which the device and methods

may be implemented, according to an exemplary embodiment.

DETAILED DESCRIPTION OF DRAWINGS

Referring to FIG. 1A, there is shown a cross-sectional view of an optical
measurement sensing device 100 in accordance with one embodiment disclosed herein. The
sensing device 100 comprises a wave emitter in the form of a light emitting diode 102 and a
wave detector in the form of a photodetector 104 disposed on the same horizontal plane
(relative to the sensing device base) and on the same substrate, which is in the form of a
printéd circuit board 112. The substrate or printed circuit board 112 further comprises an
opening 120 disposed between the LED 102 and photodetector 104. A force transmitting
member comprising a plastic assembly piece 106 and an overhead portion 108, is arranged
such that the plastic assembly piece 106 extends through the opening 120, between the light
emitting diode 102 and the photodetector 104. The overhead portion 108 is provided to
increase the overall surface area available to substantially prevent light emitted by the LED
102 from travelling directly to the photodetector 104. In this exemplary embodiment, the
overhead portion 108 is disposed on the plastic assembly piece such that both of them are
at an orientation substantially perpendicular to each other, i.e. the angle formed between the

longitudinal axis of the overhead portion 108 and the longitudinal axis of the plastic assembly



FI Gs. 19A, 19B and 190 are graphical representations of the correlation
between a PPG waveform and an applied pressure, as would be used in the
met hod of measuring an optimal PPG signal, according to an exenplary
enbodi ment. FIG 20 is a block diagramof a conputer system upon

which the device and nethods may be Lgpl enented, according to an exenplary
enbodi ment. DETAI LED DESCRI PTI ON OF DRAW NGS Referring to FIG 1A,
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As can be seen in Fig 1A, the force transmitting member 106 together with the overhead

portion 108 as a whole appears to have a I’ cross-sectional shape. The positioning and the

structure of the force transmitting member substantially prevent light emitted by the light

emitting diode 102 from traveling directly to the photodetector 104. The force transmitting

member is rested on a sensing substrate in the form of force sensor 118. The force sensor

118 can be provided as a flexible printed circuit that senses contact force and provides the

associated electrical signal to the printed circuit board 112 via the electrical connectors at

one end of the force sensor 118 (not shown in FIG 1.). Due to its flexibility, the force sensor

118 is able to deform slightly when the force fransmitting member transmits a force to the

metal connector 118. The sensing device 100 also comprises a plastic housing 114 for

housing the individual components described above. At the top of the housing 114, there is

provided an orientation-free measurement surface in the form of a transparent plastic piece

110 for receiving a surface portion of the user to be detected. The orientation-free

measurement surface in the form of the transparent plastic piece 110 is not limited to a

single orientation at which the surface portion of the user must be placed. For example, as

compared to a clip or a cuff, the orientation-free measurement surface does not require the

surface portion of the user to be engaged therewith in a particutar fashion, so long as the



pi ece 106 is about 900. The overhead portion 108 can al so be provided in

ot her fornms, shapes and/or orientation so long as it serves to
substantially prevent light emtted by the LED 102 fromtravelling directly
to the photodetector 104. The overhead portion 108 can be a detachabl e
portion that is attached to the plastic assenbly piece 106. Alternatively,

t he overhead portion 108 can be a cond nuous part of the plastic assenbly
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provided as a flexible printed circuit that senses contact force and
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via the electrical connectors at one end of the force sensor 118 (not shown
in FIG1l.). Due to its flexibility, the force sensor 118 is able to deform

slightly when_the force transm tting nenmber transmits .a,fofce to e net al
con g ect )c/)r 1 18Therﬁ%“5§19n‘§‘?vf?§ @é\ﬁ'??ec iSet & FouRlng, PeRReTdn M‘eaé’t"f' CTit&Png 114

f h [ he i ndi vi I [ : h
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of the user to tected e orientatton-free nmeasurenent surfacé in the
form of B@cd 10 TRAGAR LoRh@fititonPoRA8s kldkd dapait of trafisktbhd deckical file?
orientation at which the surface portion of the user nust be placed. For
exanpl e, @govwd tiagrted drcdit 5ddrd 118 ardi iBUidctrichilecopheced adrmmneiits @ech@adEr enent
surface does not require the surface portion of the user to be engaged

t her ew t lhght emttingadiddec t02cand i phototietestor H 0hgndaiercelsensa8181ser surface in
contact with the orientation-free neasurenent surface is capable of
reflecting the emtted waves towards the wave detector. As such, the
orientation-free neasurenent surface is capable of advantageously detecting
a 2-di mensi onll Usguihegeesinaievicgeel 08tisheqannaetagi o 3 pRrSHRSY foBile RPCsRBI YBfort o be

d d be 3-di i | wh lip,. fi [ d
cnsur e sGHTER &y OBl RRAR 6 FAe R LRIBIG ptnd TouTiS 1 Tt BBEFLA . The
t t. plasti [ 0 furt I.d ddi t | f
or ot ect 1 GReB iy ahe el B o e E e e lgee TET ©
phot odet gLkl 58 ' iRt SHkiHG. dicePi® lleis HRIugR ik SHRLL nBE fobGldg [T om

entering e "housi ng e sensi ng devi ce. nsing device 100

al so conpyi NG i TESHRS: Wi ¢ | iQq port
116 el ot " BpdS RS whfh il B Plsfle B TR kGl VN

comuni Cgfd Freltidd fdid th@ﬁ@%ﬁ@&#&e@‘asge@aﬁ%a@ﬁ hédeds BbeClosh GAd tevipidhe to and
fromthe sensing device 100. The data comuni cation port 116 is al so

capabl e @hotbate@si 104l Me PhaRsdetdctl 100 GV transmpORe lettieal pignaitrepreséntativet boar d
112 and its electrically connected conponents such as the light emtting

di ode 102%f tedictadpbiictdidighiCibahie hodileaprobné eiadke dataomnilibBation port 116l MAtuse,

t he sensing device 100 is connected to a personal nobile processing unit

f or examtiecsananirhe,|tbe pkasied furica ist thansditted visothmpsia essambhopiecel 1. towhrisuser

t hen places a desired surface to be detected, for exanple a finger, onto

t he tran$yeafene qsteteri d1Hi Ebe forre. detegprt 18Ri theedprovides tafe eleciyhg!l signdlt i ng

di ode 102 travels through the access hole 108a and towards the finger
surface irepresentatiye ofithe forqerithithe pisgyd besrd 132 ale; eleqicabeongl s thepHeangmitieded
light that is reflected fromthe finger surface passes through access hol e
108b and towards the photodetector 104. The photodetector 104 then
transmts an electrical signal representative of the detected refl ected
light to the nobile phone via the data comunication port 116. At the sane
time, the exerted force is transmtted via the plastic assenbly piece 106
towards the force detector 118. The force detector 118 then provi des an

el ectrical signal representative of the force with the circuit board 112.
The electrical signal is then transmtted



27 to the nobile phone via the data comuni cation port 116. The nobile
phone may conprise a processing unit to process the signals received from
t he sensing device 100. The nobil e phone nay al so conprise a feedback unit
to indicate to the user whether the force exerted by the finger is too high
or low. The user may then adjust the,force or pressure accordingly and once
the optinmum pressure is detected, the nobile phone will display the

physi ol omitoamobitaptaoe iaitee date comatunakondearn VEdThe aabilerbope o1s¢ cemedseof t he
reflected |ight detected. FIG 1B is an exploded view of the sensing
devi ce 18QraskssmaGnitta,propass thadionklgueteivediisgnibatsendntedeyicenttdft MImahi can be
clearly seen. The plastic housing 114 can be seen to be separated . into a
top por t Prsme Imayalsmernpris atesabael inible indicpte tothe upgsthes isdPreg FEedhses
contact force and provides the associated el ecttgri cal signal to the printed
circuit %@Pd‘”ﬂi’z‘sgﬁo Y lw-elheryseamag Gishediust e {9ee gk PETR e ATl ”gﬂyﬁe force
sensor 118 FIG 1C shows imlifie xenmpl.ary, represen Lve
circuit BGYIEANT SPUBYR PERRHE fsn%e?%ﬁi%f@?%%%'%e‘ﬁ? "% ‘"t‘%’%’laﬁﬁg(ez L Sg’ioggfa}s/ensor

di scl osed herein. V. repr vol 21 e pr esent

el ectri c%’ar?céesrisg‘fscwast.a ﬁ%ﬁ%ﬁ?%ﬁ@oéﬁéseﬁéhnﬁ%ﬂ%% i@ﬁ&%&% material (e.g.
pi ezoel ectric or piezoresistive) which can be depicted as one or nore

el ectric resistors, one or nore of which being variable resistors with

resi stance betpg 18608AAYNLIRINVIER ST IR ShsmBRIelies 1bbeF BI®. 1A, trhwlindividuet

appreci ated by a skilled person that the position of Conponent 122 can be

i nt er chagggsbnehisar@Bi¥mamnRd @hnd Bin bRZicang s&h. The piattc Nashg 1i1h cdeseseesh R,

R2. R3 and Conponent 122 are connected in a Weatstone bridge

conf i gur &t bheosepatdied bitd alge moidn Yidaadridon bsttvowportion F14B. ThE forse isensiohé18
gquarter-bridge configuration. Nevertheless, if desired, the bridge can al so
be oper asades portéms fdned dndarovides|the agseriater glecirigal signako difeprintedaiewt edhonent s
simlar to Conponent 122 replacing R2 or all of Rl, R2 and R3 respectively.
One or nbtvip thececticalagnnegitrs 129 atcaneiepd(of thedoreq $7°8ocH® al so be added as
"dunmy" force gauges to conplete the bridge circuit as and when desired,
for exanple to negate the effects of tenperature changes.

FIG. 1C shows a simplified exemplary representative circuit diagram for
implementing one embodiment of the piezo-based sensor disclosed herein. V represents a
voltmeter. R;, R, and R; represent electrical resistors. Component 122 represents a
piezo-based material (e.g. piezoelectric or piezoresistive) which can be depicted as one or
more electric resistors, one or more of which being variable resistors with resistance being
dependent on the force applied thereto. it will be appreciated by a skilled person that the
position of Component 122 can be interchanged with any one of Ry, Rz and R3 or vice versa
if desired. Ry, R,, R; and Component 122 are connected in a Wheatstone bridge
configuration. The bridge configuration shown in FIG. 1C is in the quarter-bridge
configuration. Nevertheless, if desired, the bridge can also be operated in the half or full
form, that is, with one or more components similar to Component 122 replacing R, or ali of
R,, R, and R; respectively. One or more fixed or variable electrical resistors can also be
added as “dummy” force gauges to complete the bridge circuit as and when desired, for

example to negate the effects of temperature changes.



28 I n one exanpl e working inplenentati on when the bridge is operated
in a quarter configuration showmn in FIG IC, R3 is set to a value equal to
the resi stance of Conponent 122 with no force applied. R3 can be a variable
resistor to allow ease of setting to zero. The other two resistors Rl and
R2 are set to be equal to each other. In such arrangenent, when no force is
applied to Conponent 122, the bridge ¥econes symetrically bal anced, that
is, the voltnmeter V indicates zero volts, representing zero force on
conponent. Wen force is being applied to Conmponent 122, its resistance

decreases or | NGl e&%ﬁ_@e \&S&P,%anéﬁw'extaﬁ‘wmeﬁﬂﬁ%%ﬁiiQ%pér@%dhﬁiad&?ar@F‘d
eadingon'the v

produci ng a HSn-zero oltnmeter. Thé readi ngs obtai ned on the

vol t et ep, Ga PR RIS Sl Ireds 58 bR dils BRAERRIsapo b9 CompaRRPt | od on

conmponen 2A i's a cross-se onal view of a cantilever

type sensinginfRy i adbids FQcHABE @ vatisille ARAIIES amhads e sdttin teekasThe her ei n.
The sensing device 2 conprises a wave emtter in the formof a |light

em tti NngoRbPER RE%oaM dhdid\Re d€itte Bk @Guaino Bhgh dtasrmnciuciaapirgeodet, ebeor 204

di sposed on the same horizontal plane (relative to the sensing device base)
and on t hefdiadR pplsito Zoeponkitciiz2j the ibridgehisechmesmsphimatripalybatadesd, tabis boar d
212. The substrate or printed circuit board 212 further conprises an

openi ng #20voitinefeo Seiddibaiesvesn volte refFEsening aerd ke Lo deneerast r{gbﬁﬂ fopcerigr ce
transmtting menber conprising a plastic assenbly piece 206 and an over head
portion B&iBg apgliedrip SogwanentIR2: itratesisifece Pemeases 85 NISrAIFSS. HrPEEiveletnERt ends

t hrough the opening 220, between the |ight enittirﬁhdioq§ Zgﬁ qg&.the

phot odet eakakncingshe bridosodndt predecib ieReoEadiag op ds WRIY: A refsS he
overall surface area available to substantiall revent. || ! d by
Che LED obiaineH omirs I 1gn drendid SRt R R s bty S adfied bl
exenpl ary enbodj t, the overhead portion 208 is inserted into the plastic
assenblycﬁpgﬁgngﬂgﬂ that both of themfit snuggly with each other. The

over head portion 208 can also be provided in other forns, shapes and/or
orientation so long as it serves to substantially prevent [ight emtted by
the LED 202 fppmia'iauelbdsi@ofinaPRbd or a28ntisvet BipeRbRdinfledwsrtintacadidancihe

over head portion 208 can be a detachable portion that is attached to the

pl astic @R edHatér Rie8InRA0 disdbiey Rakiny dhy ,sehbing aedtd@ad goomtisesna A@Becan be
a continuous part of the plastic assenbly piece 206 fornmed as a single

st ruct ur @mitiien phe sdrinCofas dightbényitting elieie22® asd apaayscdatedorsinbibe 4o af By does
not allow light fromthe [ight emtting diode 202 to travel directly to the
phot odet phbtodet@@6r. 20hdisposed fvaaite seme| wnzodd nlanearalalive jadire sensBigedayice  he
over head portion 208 conprises access hole 208a far allowﬁggtk%%EH_enitted
f r om t he basejrandean the isage ubsieata orhichgs iathe form 9figriaied cHeteR%d 8% 8gb f or

allowing reflected light to pass.through to reach _the t odet,ec 204. As
can be s&ubstiaie pf pyinted circyip b?%’?@éztﬂﬂ‘ﬁﬁé g‘?’f‘?ri'sﬁﬁ AEppRpe 38@8530555\?&%’?5 Mappear s
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tability to the. [ 0 Ikt hSte f
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or ke S*}%g%@gﬁﬁge ?ﬁ%ﬂ%'thﬂﬁﬁthﬁﬁﬁgﬁiﬁé 2b® HeRERhiteSlight BRRhg ddeED2a

pluralit two wa extending fromthe base such that
the wal | S anRe SHRSIABSDI4Y TRETREMELS Bbrdibn 208 i Brobiase to Mbeasd e sieds Vi ew,
the walls are spaced at a distance fromeach other. Froma

t hr ee- di n@AséOHBh aRARERAS sUbAantiaMEepeast aightrentted byt thed BEPiRiroR GGveling i n
fact be a .circunferential wall extending froma base having the forked
shaped crqnesty3e &id photddertoA204 STihisedmaloy@nboieentithe ovefreadipoitieh 26818 may
be continuously joined such that it forns a enclosure around a space on the
base (as isdeatath irfto theeplastip lassdmbly piep® sesht thaBtioef therd fib ehuggiprwiticeach iieEr ent i al
wal | can be annul ar shaped or in any other shape as long as it forns an
encl osur eTheravarmead patierc 208sant Aise braprevidedingthas for@sbydpafepidior qrigntalionsgos o
possi ble that the circunferential wall conprises one or nore ga t?

di srupt i'erg asohserves topubsiantialypraant fight emites bythe !-E[Béo%ﬁﬂ@it@é?'@'@p‘fi@“t y
generally surround a space on the base. Due to the wall/s extending from

t he base, the space on the base that is surrounded by the wall/s nay be
deened as a recess or cavity. In sone other cases, the walls may be deened

.as a built up area around the space on the base. The overhead portion 208

can have a protrusion 208c that is conplenentary to this recess or cavity
such that the protrusion of the overhead portion 208 can be inserted into
t he



30 recess or cavity 206a within the plastic assenbly piece 206 to provide a
nore snug or rigid fit. It will be appreciated that in sone exenplary
enbodi ments this conplenentary mating structure may be reversed such that
the recess or cavity now exists on the overhead portion and the protrusion
exists on the force transmtting nmenbger. The positioning and the
structure of the force transmtting nenber 206 substantially prevents |ight
eni tt ed thythd haotbdaprtorelfitt Thagvethertep@tion 20%AaN Pandefigtaghalierrogianythelo'st he

phot odet ector 209. The force transmtting nenber is rested on a sensing
subst r atastapied théhef pastic essemblcriccsediSofiteaivelyrbe pyaeadRoRion 208 £8" BaA be
provided as a flexible Pri_ nted circuit that senses ﬁ:ont a%:t fﬁ'r'cq %_nd

pr ovi descontirions ait phihe dlagliceasembly Piese gRA forgd ARE IR EREES 1 ¢f P2¥Gard 212
via the electrical connectors 18.(not shown

.end, of the f ,
2 E & sgmbingiece 206 forngs B Pitypriiydops petoneht St Bk lanCaTuBo sof orm
lightly wh the f 1ttt t ] t; |
connect etz 802 6L et TR0 BRo SRR a0, JhE R ElbBa BofiBh Ba'sp ohd® TP %
for hous ngué.[] ﬁg‘{ly nv%'r,vtﬁgg\%lrhe%gg}&ﬂ@ﬁ%ﬁ cgﬁﬁgﬁge's ??s%%\éezosétfoﬁﬂﬁwﬁemgﬂf t he

housi ng Pf I's PF OV an orientation-free measurement sufface in
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of the usSer ect ed. e orientation-free neasurenent surface in the

form of tLRh&tdd RABIBFEMhrdgR lecPing pRotddéletir T0AL Ab tai beskenan RigRANgiee
orientation at which the surface portion of the user nust be placed. For

exanpl e, joRe tEASRRING thdnthef 208 bPa Whod appédrs td hevear fosket ahamed-drosseseatimasgiur enent
surface does not require the surface portion of the user to be engaged

t her ewi tdred o allopatht ioserhasd partidri 208 tosest! thergora st helferkas ehapsdrafess ssettipngiont act
with the orientation-free neasurenent surface is capable of reflecting the
enitted awmyewvidewstatiityt teghevaverherst eartien 208a3nd glen fadilfrtes HraRSMHISHIONGS-FY ee
measur ement surface is capabl e of advantageous|y detecti ng a_2-di nensi onal
sur f ace. e@rfed flcoviaed cariryer tyre rrmant Jiof the rideyday. ‘?‘8 fyrsedighane: ¥8%%ust be

i er t8 ensutresfficient

3-di nensional when a clip or a cuff is used,  in. or
engageneffictiony ﬁ"elal‘@pE?rFﬁBGPmPﬁ%‘a RGPy gﬁ‘fm%atpé%%l%ﬂfjwﬁe " HisSHRrEI ol astic
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From the side view, the walls are spaced at a distance from each other. From a three-
dimensional perspective, the force transmitting member 206 can in fact be a circumferential
wall extending from a base having the forked shaped cross sectional area described above.
The circumferential wall may be continuously joined such that it forms a enclosure around a
space on the base (as shown for example in component 206 of FIG 2B). The circumferential
wall can be annular shaped or in any other shape as long as it forms an enclosure around a
space on the base. in other embodiments, it is also possible that the circumferential wall
comprises one or more gaps to disrupt its continuity but may nevertheless still be considered
to generally surround a space on the base. Due to the wallls extending from the bas.e, the
space on the base that is surrounded by the wall/s may be deemed as a recess or cavity. In
some other cases, the walls may be deemed as a built up area around the space on the

base. The overhead portion 208 can have a protrusion 208c that is complementary to this

recess or cavity such that the protrusion of the overhead portion 208 can be inserted into the



LED and photodetector. It may al so serve to prevent dust and small
particles fromentering the housing of the sensing device. The
sensi ng device 200 al so conprises a coupling nenber in the formof a data
comuni cation port 216 electrically coupled to the printed circuit board
212. The dat.a conmunication port 216 is capable of transmtting electrical
signals to and fromthe sensing devic® 200. The data conmuni cation port 216
is also capabl e o AW healk I i nded
cirour . ORRe B AR L Bl SbRb BiecB 208 o b Rg ot MRER 8 e

Lont eniyl bivifd !agg%g—;ga (R bife RRGNASG SBRImB RN Gbférddheg Ating 218

I n use, the sensi evice 200 Is connecCted to a personal e processing

uni t for gRANPhfay de TENRIe sDBONB! Hbdedel® orl@ivly FEWIBXIE GAtedveRREl pddibn The
user then places a desired surface to be detected, for exanple a finger,

ont o t hegtd ROSRAUSIBH chbtd Bhitife Bicet@nghdifling lmedifereni tted from the |i ght
emtting diode 202 travels through the access hole 208a and towards the
finger surface in contact with the transparent plastic piece 210. The
emtted light that is reflected fromthe finger surface passes through

access hol e 26{bpai@nihgeRd tse dthetuphoft thel edrectransmatidg méneeniost adetkaitiior 204
then transmts an electrical signal representative of the detected

ref | ect egrevérgiitligh etriittednbpithe ljghoreeiting didue 282 droporimaveling adifestly gorthe216. A
cover 216A may be provided for the data comunication port 216. At the sane
time, thphatadatécta J08r The fosce transoniiing weémbperistragieponst sansiag suheirae j5iteee 206
towards the force detector 218. The force detector 218 then provi des an

el ect ri ciirmgif fateg senspr e fbafar¢aseseon 218 q@pheLroyidad s fleghie piintedgiegull 212,

The electrical signal is then transmtted t he bil e phone via the data
comuni c et 8enses £otact forcergad ﬁ%i@%"}ﬂﬂ?ﬁ%‘“ﬁﬁ@ e% W?ségé‘a'at"gli‘%eré'g%# ﬁ'bcugni t to
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also comprises a plastic housing 214 for housing the individual components described
above. At the top of the housing 214, there is provided an orientation-free measurement
surface in the form of a fransparent plastic piece 210 for receiving a surface portion of the
user to be detected. The orientation-free measurement surface in the form of the transparent
plastic piece 210 is not limited to a single crientation at which the surface portion of the user
must be placed. For example, as compared to a clip or a cuff, the orientation-free
measurement surface does not require the surface portion of the user to be engaged
therewith in a particular fashion, so long as the user surface in contact with the orientation-
free measurement surface is capable of reflecting the emitted waves towards the wave
deteétor. As such, the orientation-free measurement surface is capable of advantageously
detecting a 2-dimensional surface. On the other hand, the portion of the user to be detected
must be 3-dimensional when a clip or a cuff is used, in order to ensure sufficient

engagement with the clip or the cuff for detection. The transparent plastic piece 210 may

further provide an additional layer of protection, to prevent direct contact and damage to the



FIG 2B is an expl oded view of the sensing device of FIG 2A. The

I ndi vi dual conponents are dismantled and can be clearly seen. The plastic
housi ng 214 can be seen to be separated into a top portion 214a and a
bottom portion 214b. The force sensor 218 senses contact force and provides
the associated electrical signal to the printed circuit board 212 via the
el ectrical connectors 219 at one end of the force sensor 218. ) Fl G
2C i s a Igilphd phasedeatan bmarialgo seiedh orivant @it 90 HealRETFISdRTbAYAINY t hat
may be useful for the transm ssion and the sensing of an exerted force

t hr ough the bawRing s sensipg deitfent . The cantil ever structure can restrict
nmovenment of the colum in all direction except one. This can give the
colum better stability and easy for user to maintain a constant applied

f . FIG 2D and 2E sh henst | f |

cant | ever ty15¢ #rE8 PAarp roRseresch spumen s BB afa, e
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and Conponen be taken to be a si Ifred representation of the

force de%%ﬁée%o?ﬁ'?é Sha BindReati¥i 86 58 5 Qisb chSatisHtiafsnfting CRERRAG e 34

t owar ds nponent 236, a bendi ng nonment occurs resulting in deformation of

Conponeniy piddr MRGrikRIRREAHoarS3H 2tpidats drcorgllytiohsaiddddmpbhéras Beohdisnige Noment
Is transmtted to Conponent 240 for detection. 33 transparent plastic
pi ece 2 1fxhe omptirigsisielpoatand eqmstoddietot 20t anairfercabérsot 218 it i nto t he access
hol es 208a and 208b of the overhead portion 208 of FIG 28 in order to
secure and prevent undesirable |ateral novenent of the transparent plastic

pi ece 210. _ _ _
In use, the sensing device 200 is connected to a personal mobile processing unit for

example a mobile phone via the data communication port 216. The user then places a
desired surface to be detected, for example a finger, onto the transparent plastic piece 210.
Light emitted from the fight emitting diode 202 traveis through the access hole 208a and
towards the finger surface in contact with the transparent plastic piece 210. The emitted light
~ that is reflected from the finger surface passes through access hole 208b and towards the
photodetector 204. The photodetector 204 then transmits an electrical signal representative
of the detected reflected light to the mobile phone via the data communication port 216. A
cover 216A may be provided for the data communication port 216. At the same time, the
exerted force is transmitied via the plastic assembly piece 206 towards the force detector
218. The force detector 218 then provides an electrical signal representative of the force with
the circuit board 212. The electrical signal is then transmitted to the mobile phone via the
data communication port 216, The mobile phone may comprise a processing unit to process
the signals received from the sensing device 200. The mobile phone may also comprise a
feedback unit to indicate to the user whether the force exerted by the finger is too high or

low. The user may then adjust the force or pressure accordingly and once the optimum



FIG 2Gis an exploded view of another exenplary enbodi nent of the sensing
devi ce 250 disclosed herein. In this exenplary enbodi nent, nost of the
conponents are simlar to those described in FIG 2B. These simlar elenents
are labelled with the sanme reference nunerals used in FIG 2B but wth the
inclusion of the prime synbol 1. In this exenplary enbodi ment, the main
differences fromthe enbodi nent of FI®& 28 are the conponents 252 and 254.

(al T ows. FreRrital st s faBleStipt Wi e PR L TR g lo RO T
l'ight t t h A head ti im | toth
over hoad HOPR G B8 Bene R BRERe AR 1 BB TET D54 i S substantially

transparent which can allow |light to pass through. Further, protrusions
254a (which are also transparent), are present instead of the access hol es

208a and 208br@%@i§ Bn FxBlodeéd viehh&r MieOtdndinh Mvide 4l AGE 2AbMae tidividdal | Nt 0
the access hol es 252a of the opaque or substantially opaque plastic piece

252 i N OgglRporiehtsSAE Wisthapiish iceene smdgsenbine piatienalsingmiarmantveaken he

pl astic piece 252. It will be appreciated that this configuration is
rever sedtd p&aepdiated Fi@Whop Podibis21484and a bottom EbfBon 2HHb.SThe ferce ssrsoe 8 onal
vi ew of an assenbl ed sensing device of FIG 2A at various |levels of

st ri ppi ngesises eopthctsorze andprositestbe aswcated dikstricabsignahiodhe prtedseiicyit peasde. As
shown in FIG 2H, the transparent piece 210 has a ful crumend 211a that
fits snuglty viatheeledidcateaninpefora 249 abenstendnithelferce sensordifenent s in the pl ane
defined by the X and Y coordinate axes (the Y axis being the axis going
into the page and the X axis being the axis going fromthe left to the
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casing 2 I's correspondi ngly mensioned to on it the smaller top
surface, AUt TROtak R ebAE [BMRURRF RtablilChRf 845§ foP @6aUS ambiRtin| &cBfdtarRot t om
surface is restricted fromnoving out of the casing surface, upward
novenent aghicdigrcgant i | ever transparent piece cannot exceed the default

posi tion. en attenpts are nade to nove the cantilever transparent piece
210 upwards, the stepped edge at the opposite end 211b engages with a

conpl ementary stepped edge of casing 214, thus -arresting upward novemnent
fromits pred€t@r2praed P6si2E show Fshematisn ¢fr avexemplary candilesgratyentfoiseece 210
fromfalling out of the casing 214 and can also allow the nmeasurenent of an
accur at e agplication ZW-e@@W@PnV\ﬁg‘l cam dedpkay ipabe fofipwlified teprasprigtion) ?fnﬁ‘ér tain

nmbodi ili h i h
oo et dage st PRt oasibertihe reratbatep 285 of P He nboner
fi ti ted d d it h
o | Do a3 e dken 10 BE o jGie, ol EmARoT ik oS Parishitie FEFR¥ESDe 1S
t ds t i 214 f t f
on oppos 8 Zham Lot 8 e CURRIEBRYy IEL 8 fnaliS8 fefrenidnel PR 08, 07
the transparepbBlopgid 98?&@%@ 16 dd Fi8GhpiRg &sﬁ;@g@ﬁm %ﬁvt%ﬁv)ardgatfbn%oherﬂn top

of the commni cation por as shown in F n certain enbodi nents

a resilienl MBaffingcHeNeRocturs Pédufiflg FPderbithaRbPSEEmPREHEEIA drldeCdnippRsmar ent
pl astic piece 210 "and the communi cation port 216. It can be seen in FIG 2H

t hat the JdssaBwaRE e MieRBdN. CTHRI BERIINYL Moh@nPRI ehiehitiid fohecmpsheaf 24t dor
comuni cation port 216 such that part of 21la is free and not in contact

Wi th the de@ggapmi cati on port 216. This can possibly allow sone cl ockw se
rotation (fromthe viewer's perspective of FIG 2H) of the plastic piece
210 when a force is applied at the opposite end. As the transparent plastic
pi ece 210 can also act as a cantilever, the transparent plastic piece 210
can be subst afi®.alfl ip & perspdstie Yiew ofithet wemftth%am@@"gﬂ‘ﬁﬂlccﬂ'%mpl exur al
strength to withstand the force exerted by the user during a PPG

measur emeand. thg e peitien 9k thenplagiicaausing  idaof 1@ ARy Af SowialPeMISufi Hitent
flexural strength and/or elasticity to return it back to its original
shape/ posi ti on when the exerted force is renoved. In sonme other exenplary
enbodi nents, the transparent plastic piece 210 nay be :



35 coupled to a resilient nmeans such as a spring which returns the
transparent plastic piece 210 back to its original configuration once the
exerted force is renoved. Wth conplenentary nmating structures present
anong the different conponents, it will be appreciated that the exenplary
sensing device can be easily assenblgd to forma rigid and stable assenbly
whi ch arrests undesired novenent. This can allow the sensing device to have
a hi gh | earspaeht piesdis piceerg il cerowisea prptragienscifg ithat @fﬁc%b[ﬁbsb fitédodierRgeesse nunber
of unknown or variabl e paraneters present (for _e.g. caused by undesired
novenent haés 208 and RpBnefihe pverperstroaionZ99 ht sy &Bdt Oftdﬁétocf@ﬁﬁ]e@l'?ﬁﬁf%’wt mat i ng
structures woul d be that the individual conponents can be reversibly
assenbl edndssiraiisslatessd meverpent PBWPé’aE%PaEﬁ”h%'F‘S“CrP&Q? ®d0r epairs or replacenent of
t he individual conponents convenient. It will also be appreciated that the
exenpl ary sensing device with its individual conplenentary mat i ng
structures ca be_adapt eS| n for nSd er and

di sassenbl y. 6% ﬁf'l Eﬁpggig}”gw g %"r g%é eéeé%? % ﬁg'lbc’d' easne n§§§ S%E‘{ey

sensi ng ggov?ls ed 618!’6"‘! R 1ths ex%@giég{{%r%h%lujn&\{%ést of th?.tcrohBQtllé?Qs 18 sﬁﬂgpﬁs' ze the

structur aque or su y opaque plastic piece shown in
FIG 21, LesE ly into
t he casi Wéggf§$ﬁ§%du@hﬁt hat ﬁ%%eggﬁia%{?yﬁg%ﬁ% ?"E]Bét"%g%ﬁh gﬂ%E%@# Fé;eergﬁéb%/ the X
and Y copiHidRtRedXeRid tRebul vk the RRIUGBN dIqhA Klide @ﬁ‘nﬂ@ ‘I it Wistdemprge and
the X axis being the axis going fromthe left to the right of the page from
t he vi ewehb&difentsthe aldindiferafices frofilthé eiBodimditaf 61T @8I dre thennipbidnts 25X ree to
nove downwar ds along the Z coordinate axis (the Z axis being the axis going
f rom bot hed254 Gobfponént 2B ipagiasfic pietd that isi apague sr pubsEptidlyiopadue (dlavesver, t he
plastic piece 252 has a stepped outer edge such that the botton1surface IS
wi der t heinirméigighbls Bass ftirough) it hasigteegs holes 252a do alievs ign de Pgss/ thieugensi oned
toonly fit the smaller top surface, but not the bottom surface, Therefore,
because Ehmppnany@p4 lfosh eMerBerd aedion §inilas tq thet v@rived ORISR 41§ HUkiCoRBt he
casing surface, upward_novenent of the canL hgver %&FI ffnnot exceed the
w (@H 0

def aul t ﬁB‘é’?‘tei"o??mp%%“ 23¢ {setiipptantigly raRRparen ek | REGR ISt i ¢

25 d d ed t th th
Ezﬁgfemﬁewéf Bisidrg 23 (BRET of S50 BhripdfpP BN Sl LB U RGeS W (1 @
movenent Q%éaf qupio%g%hsmmé B@Sme' &auusm' @49@% Qﬂsuswﬁtt.mmﬁe Ré@sdic

pi ece 255m?r0n1 1'Tng 'out of the casing can al soal |l ow the

measur e”E&Es gﬁzaa& tRE GHé@B%r debaattianPRyes r.:,%st.d/\ﬂs&eezmn@fa&rtaewr@ BEE 1S

appl i ed e user. In certain enbodinents a resilient neans such as a
spring ca.»a;vaﬂ URBSHIERE (didtal eveRicapsiane adge pdcel2se. 10Ril®eidpereeiathd 2fa this 0
return it to its original configuration when a user exerted dowward force
on it i scérdigiradsh is Thversea soiteattshowainFiGa2F.al so urge the opposite end 253b
towards the casing 214" for engagenent thereto, when the user exerted force
on the opposite end 253b is renoved. The cantilever piece 252 conprises a
further center protrusion 252b which can extend through an opening 254b
(See Fig. 20 Fi& 2this aomepsraentiond aiespal am@ssandied sesingrievise of fdG&r ?‘gc?ti nto a
conpl ementary recess or cavity wthin the pla tic assenblﬁaglece 206" to

pr ovi dfe ae:]rmﬁ ;ée\@l*?u‘@f ﬁ?ﬂppﬂggtPc?”PF?ﬁas'ZW?nStf‘{ﬂW?/ %F‘msaﬂe“& 't APy endf
253 254

: heafgmrtam%ﬁf' o %E?ﬁeet%%eparea@%%?aﬁ Ry G 21T et 1 shldy BRHEE C5 4
252 ahﬁnﬁﬂiﬁﬁg%ﬁﬁ%mﬁ FerAD bR n e RIS R PR 8 "DhdtRlihdie D) OC
transpar %Qés U(H'h%shxg b ?1% a%é%g@ nt?t%rt ;Z%e thexepd b@fngtﬂt{@aﬁ@&w&&ﬁt Ion

port 216 not 1 n contact wth

conmmuni Call (9f (Pfet ng%ilﬁf the }Qbé frsmh@%webé yeéké&% YA B SHicBEK Whé %pb&ﬁtét I on

(fromthe viewer's "perspectrve of the plastic piece 252 when a
force is.app4ied 1Rk H%véeméré’s @taﬁgsthéi Edvrdindta akib Gthe 7666 oy thaaxial so act
as a cantilever, the plastic piece 252 can be substantially flexible but at
the saneghin rdﬁ‘&tt&rﬂf fol fpebt td @xye dons tieeN@ivars pewdpetiepndowdver.f thece
exerted by the user during a PPG neasurenment. The plastic piece 252 may

al so have sufficient flexural strength and/or elasticity to return it back
to its original shape/position when the exerted force is renoved. |In sone
ot her exenpl ary enbodi nents, the plastic piece 252 may be coupled to a
resilient means such as a spring which returns the plastic piece 252 back
to its original configuration once the exerted force is renoved. Wth

conpl ementary nmating structures present anong the different conmponents, it
wi |l be appreciated that the exenplary sensing device can be easily
assenbled to forma rigid and



37 stable assenbly which arrests undesired novenent. This can allow the
sensing device to have a high |l evel of neasurenent accuracy and consi stency
by reduci ng the nunber of unknown or variable paraneters present (for e.g.
caused by undesired novenent of the conponents). Another advantage of the
conplenmentary mating structures would be that the individual conponents can
be reversibly assenbl ed or di sassenblmad from each other, nmaking repairs or

repl ace”t?agr{fép%}fﬁg{ E;]%%é M s &Egﬁgr&&ﬂ SBLS sGPAUAThE E&ttod Euritde

_ tord buritich ks @ib&OthBe
apprecia e exenpl ar ensing device wth its individual

conpl emepd ﬁ%ﬁuﬁ%é ggtgsctaémﬁ L6 c&%p@ﬁdi%ﬁﬁhﬁqsibﬁﬁ@to%nﬁﬂﬁtﬂhé istnafi@tbgn for

easi er asse y an | sasSenbl y. e in the above description, the

neasur engpfacs Ubftagst huhbdidn sitidee. Fnérefns Pedcaide HeaRidet LRitemeEswfacaris opaque
pl astic piece), the overhead portion and the force transmtting nenber

appear t Rshited F6ih | MOGhPSULS BP Bieataird0 sirtare N Lpwardheyvemeent iof tso mantéespodi ment s
be taken to be parts of a single overall functional conponent that achieves
t he cant jrarpefennpistsdannbiesxceed the defalits pesitint Bthen Bliempts areemadamtogoes the
enbodi ments, the plastic piece, the overhead portion and the force
transmi t tantigvere triespareny peot |26t upnerds, fhe meapes] rdoee aliftiet epppsita e0etdlie, which
as a whole, nmay be considered to a cantilever structure. ~I'n addition,
whi | e i t elgrgebedith desempleaentalosierRatardghef iavea etith (s AEFSEENIMUE a LED,
in some enbodi ments, a wave emitter may conprise a Iuralit% OE Ds at
| east on@okRINery franyispredeteraingd SABLINE| TEE @9 Rravenhthe dgngRapsnt piece 21Q5r 3
FIG 20 provide further exenplary illustrations, nethods and/
| ipl erentalPR Gt of Hieuc2aa 29dI et 39 B BpRteUeang Sh AGHLERSEHE of ¢ he
n . : : .
general rrelsgtg'zle,pvlvheesre % e;[ctgrenaﬁf%Pc%'isn gpp(iiagg.'iﬁ %elgéié grlnttﬁ:qert&? h&LdYient means such
as a spring can be coupled to the stepped edge at the opposite end 211b to return it to its
original configuration when a user exerted downward force on it is removed. The resilient
means can also urge the stepped edge at the opposite end 211b towards the casing 214 for
engagement thereto, when the user exerted force on opposite end is removed. When fully
assembled, the fulcrum end 211a of the transparent plastic piece 210 (acting as a cantilever}
can sit on top of the communication port 216, as shown in FIG. 2H. In certain embodiments
a resilient means such as a spring can be present between the transparent plastic piece 210
and the communication port 2186. It can be seen in FIG. 2H that the transparent plastic piece
210 is perched at the end of the communication port 216 such that part of 211a’is free and
not in contact with the communication port 216. This can possibly allow some clockwise
rotation (from the viewer's perspective of FIG. 2H) of the plastic piece 210 when a force is
applied at the opposite end. As the transparent plastic piece 210 can also act as a
cantilever, the transparent plastic piece 210 can be substantially flexible but at the same
time have sufficient fiexural strength to withstand the force exerted by the user during a PPG
measurement. The transparent plastic piece 210 may also have sufficient flexural strength

and/or elasticity to return it back to its original shape/position when the exerted force is

removed. In some other exemplary embodiments, the transparent plastic piece 210 may be



38 representing a change in the volunme of an organ in the body through the
use of optical neasurenent is known as a photopl et hysnograph (PPG) .
bt ai ni ng optical PPG signals typically requires application of externa
pressure on the body surface which is being nmeasured. The pressure is
required in order to obtain a good quality PPG signal with a high signal to

noi se ratio. However, the externally-applied pressure cannot be too
| ar ge orcoupled Sratdsiliemeahe seghedsi a spriog whish refemne thednpraserdinipshie piggd 210be | ow.
For exanple, as illustrated in a cross section of a blood vessel 300 in

FIG 3, haskthés eugingl eonfigurationsaire ity exprted feree iiv Fenyvedx{(VEh sampledgesidas
conpared to internal arterial pressure at a neasurenent site 302 the
i nt er nal MENEsKEETasTEIHt PERNS SreodifaleRt compopRls. hwllshe apripriated iiat hsw PPG
ignals are obtained. . On the contrary,.as illystra i n Fl 4, the
ool cattBRPBY FUBLARCE P8 Rp s ATt L TR & BPTGHHE B PSS, o be
| uded at, th t site 302 t he. ' !
Fosul t1 i TTheTBE CERHIEE e ereaur i oB1 B T St uhdeyeheria E e el pec
ignal data. |f e i ' i s
Feacti or gt Ep oS EABE B dchBlnd MBirbeCh IO SPyeldlE, o

smal | Pppcc’:r%&gi%l g{rﬁéénk (foee.g.&%lrs%%gy g?desired moveFentf tfe SontioRBREL Ahother

illustration of e anpl i a nmeasured PPG signal in conparison

with an apamage of thakehpiefemalyanatal sBLEGSY wWouid\Wetthatand PUivRpaAldopPomnessure in
range A, the anplitude 502 is correspondingly Iow. As the applied pressure

i s increapede idteidiygassdmdidte onfsdskerdBiedl fion | eurheaibes . mblang wepairswben t he
appl i ed pressure increases beyond a certain point, the anplitude decreases
agai n, aepsbawmntiofi theaimg®id@al chmpobers wosvestenb igwiPRBoshe appreciathe it ttie nal
pressure shoul d be sufficient to mnimze transnural pressure such that the
ext er nal exyprebsyisensging cgvies With thindividuel genplpmestetyr matimg stru@yres |danshe at ed i n
FIG 5 is arange 504 within range B where the anplitude of the PPG signal
is at itadapleduntoppnap-fit desios forgasier aembly@nd disasseaIbY - appl i ed pressure is
i nst ant aneously bal anced with the
FIG. 2I is a cross-sectional view of an assembled sensing device of FIG. 2G | at

various levels of stripping to emphasize the structure of the opaque or substantiaily opaque

plastic piece. As shown in FIG. 21, the plastic piece 252 has a fulcrum end 253a that fits

snugly into the casing 214’, such that lateral movements in the plane defined by the Xand Y

coordinate axes (the Y axis being the axis going into the page and the X axis being the axis

going from the left to the right of the page from the viewer's perspective} are restricted. The

opposite end 253b is free to move downwards along the Z coordinate axis {the Z axis being

the axis going from bottom 1o top of the page from the viewer's perspective). However, the

plastic piece 252 has a stepped outer edge such that the bottom surface is wider than its top

surface. The casing 214 is correspondingly dimensioned to only fit the smalier top surface,

but not the bottom surface. Therefore, because the larger bottom surface is restricted from

moving out of the casing surface, upward movement of the cantilever piece cannot exceed

the default position. When aitempts are made to move the cantilever plastic piece 252

upwards, the stepped edge at the opposite end 253b engages with a complementary



39 internal arterial pressure, thus resulting in a state of zero transnural
pressure At zero transnural pressure, the arterial walls are unl oaded and

the arteries will not change in size. Consequently, the blood volunme within
the arteries at the neasured region will not change and can be accurately
measured to provide a good quality PPG signal. Accordingly,. to

achi eve the above, the force transm t¥%i ng nenber and/or force detector

di scl osed oL e dTBY chinPais. HuscrRisfins UpardSRETEN: At 15 pRkicknag i eve

and to nai n op pressure ftor obtaining an opti num PPG si gnal

over an gxtipndegidemi Relenf el iiic BibcdLOY iréth aliingtalt of indRasihg 1 4haramus
feedback’ to a user being neasured, the user is able to instantly adjust the

anount  ofisB4IBRSHUE End:RuiEneAP RF iaf theb@rateN@efala bieesure) Wiete Mot exterhdldfbie as
opti mum PPG signal. However, the optinmm pressure may not only be a result

of a stahgpliel Wyahe UsbiaG uftah cpboliFens, a asilientimneanss sudheasuh tsplimgnart he
effects of absorption and scattering paths of light as light travels in and
out of acegidd tomheddteprctiedge af tha opsesite leed AEBne astumdtito it origiexzapiiavratiaher e t he
pressure is too low, a light source may not be able to penetrate the tissue
sur r oundishen b logeriExedet davgward fardectn if is ramsivag Thedssiieatimeaicgapsedrda 'ght may
not travel in and out of the finger effectively enough for a good PPG

si gnal t opiasitelene @bHutowapisitee FaRiNdH? WS oy eRO3GEMEBINBfElfh WhER 5}%“5%&9"36%‘1
absorbed or scattered such that the anpunt of Iight gﬁ ected is

i nsuf i cfaseR OB eoPRRIEIP aNCHBRP ipseeysgnafie cantilever Pipge gpd poraprisgs Bfuififier st ood
that the sensing devi dj scl osed. herein may al so | .Qr

coupl ed CENMPRPHURIQN agﬁe‘% Wl"'ﬁ'étca? sext,eﬁﬁé‘b’f)gg'b?xFS’P%W%?%BD@e%S%QC%@féf t?ﬁe user

i ndicatin ef her the, user . ' | nsufLici squch
pressure°g?rv1\?#et}%sip?'ée8{ p'gﬁ%d?r‘?? a%ﬁ p%)ér/g@%hérdeﬁ%%e&*n ge%hheg%k??t%# t (e)F Sés)vét?urray be
vi sual or,, ' d . i i r orofitsl 3t envpevRgs, and
may partiw(':tﬁiﬂg{rhﬁ}ﬂ Sé'b;bsé’%‘ﬁwg{iépg?iqfﬁewr@%@et?n@%@éugigw bei ng capl'?ured by
the devi Ggseniiéy, HRABRAMK efBY53 Gt BasticPRic 25k @Yt bed cditidleB)cahrilionat i ng
whet her the user should take action to increase or reduce the anmount of

pr essur e theifitbe aeAmuEitation goR@1694s ekowr if RGORINEer ceetain alibodintentst deesliedback

may be in the form of
means such as a spring can be present between the plastic piece 252 and the
communication port 216'". It can be seen in FIG. 2l that the transparent plastic piece 252 is
perched at the end of the communication port 216" such that part of 253a is free and not in
contact with the communication port 216, This can possibly allow some clockwise rotation
(from the viewer's perspective of FIG. 21} of the plastic piece 252 when a force is applied at
the opposite end. As the plastic piece 252 can also act as a cantilever, the plastic piece 252
can be substantially flexible but at the same time have sufficient flexural strength to
withstand the force exerted by the user during a PPG measurement. The plastic piece 252
may also have sufficient flexural strength and/or elasticity to return it back to its original
shapefposition when the exerted force is removed. In some other exemplary embodiments,
the plastic piece 252 may be coupled to a resilient means such as a spring which returns the
plastic piece 252 back to its original configuration once the exerted force is removed. With

complementary mating structures present among the different components, it will be

appreciated that the exemplary sensing device can be easily assembled to form a rigid and



40 tactile feedback, wherein the device produces e.g. a small vibration
when the applied pressure is at an optinmum range. FIG SAillustrates
one exenpl ary enbodi ment of an sensing device 600 being coupled to a

f eedback unit 606. The feedback unit 606 may be a conputer including a
processor, a nmenory and optionally a, isplay, as is further described bel ow
with regard to FIG 20. The feedback “unit 606 receives a PPG signal and

pr essur estada ssseathnwBich poests hadessed meyerdenti Cis 6o allghietseRpBe SpYie to
correlates the PPG signal with the pressure neasurenents in ord%r to

det er m navare bishilensl ogrfeawermntpﬁcewgﬁw anq RtSISHNGY iPY 68USHIBE iEPePPG
signal, as shown in the corrgfari son PPG si %nal raph, 802 and appl ied

pr essur euPawh ogeariably parampgfearesent gioke 97 CaNpdRYs UdeR L Wﬁv%$r§ O%jg'leai I

bel ow. The feedback unit 606 may be provided w.th a displ 14, as
11 st r atcspoPRne) GEone Rekpen o e ramuipEan ey TS St et BRI B P
feedback to the user in the formaf a_qr i cal, jnt ( ) during
the procBa¥idyg! eRIDONPT, FaF e ﬁggsgqugﬁgﬁcé.m%yegepgg%%&fb Legdﬁé‘r&i&%yo%@er, a

real -time displ sgérfr%@?ceglfén?% Gtk ?rﬁﬁid?igggﬁhpo@%ﬁtfs&nbé}ﬁént.t REwil SRE 152N

instantl?a'@%r? e varying the anount of pressure being applied to

the Sens;;ﬂ)qeéiiﬁi\!& Gt fiﬁbﬁﬁg&'ﬁ | Spls%eﬁng?'a@#lgg with iRIRGRIR cUMblemeptanppiatitgim PPG

signal is displayed ay 614 may al so provide a real-tinme graphical

i ndi cat i @R cRts & dehRaped ieds Sndperit agsigPRl basbr adbentgy aphiieatertblgpl ay 618 of
the applied pressure nmay track the PPG signal 616 on the sanme graphical

display (see FIG 19A, below), or perhaps be displayed in the formof a
vertical pressure status bar 620 positioned on one side of the displayed
PPG si gnal , awhild linsthe adbede i desBiiffon, Bl anehsBBmeThsudacst (whigharcag2be it | | nove
up and down dependi ng on the anount of force being applied by the user In
thi s enbanspersnt plastis pisesr ori afepRIoME Sastia Pisge) the ovepeadiRgrien a4 Bed¥re t o

det ermi ne whet her the displayed real-ti ne PPG signal 616 can be inproved.
Hovever . traysmitiag meyibag aRver i be desibpbes SeRRale GBORNE. SLMEY | FHEE

SRS CEM T ML TR M TR R L

cantilever moment when a force is exerted. Therefore, in some embodiments, the plastic
piece, the overhead portion and the force transmitting member may collectively form a single

unitary structure, which as a whole, may be considered to a cantilever structure.

In addition, while it has been described above that the wave emitter may comprise a
LED, in some embodiments, a wave emitter may comprise a plurality of LEDs at least one

being a red LED and one being an infra-red LED.

FIG. 3 to FIG. 20 provide further exemplary illustrations, methods and/or
implementations that are believed to be helpful in the understanding of the general principles

of the sensing device disclosed herein.

It is preferable that in certain embodiments, the sensing device is capable of

detecting/sensing a physiological signal. The acquisition of a physiological signal



optimum PPG signal, as the user is performng this step manual ly by

anal yzi ng the di splayed PPG signal 616 and naki ng adj ustnents w t hout

gui dance by the device. FIG 8B illustrates the feedback unit 606 and the
sensing device 600 in operation, where a user's finger 612 is positioned on
t he sensing:devi ce 600. In an exenplary enbodinent illustrated in
FIG 10, the feedback unit 606 may geWerate and display a GU wth a nore
sinplifieg %Lrééé‘;‘.hﬁgag'c%n&f me@thIﬁﬁqetd?%nU&@én hel khapdhrdsgh theusanatpticdf

pressure to provide nore, |less or the same anount. There nmay be any nunber
of ways t.Q4BliRMeAEs tkibwn by RepHiopletiysmbgrap XRIPG). eObiinigodptical PRI ajgasls -

per haps even color-coded in a traffic-light colored display - may be

di spl ayeg, iy eéduirtd@ppiRation of adietnsl ptdssuranmutte bbdyf surtaee beticty isapping ed.
Simlarly, the GJU may sinply display words telling the user to "Apply Mre
Pr essur e meadiiely Thepressires senuired inoordérAp pbipintengooBauelithARBGsignef wilreBigare. " I n
FIG 9, a highlighted box 622 nay be placed over the pressure status bar
620 to i dignklitdpoiamratipt i num range at whi ch pressure should be applied for a
particular user. In this enbodi ment, the feedback unit 606 anal yzes and
conpares the neasured PPG signal and correspondi ng applied pressures in
real-tinme in order to determ ne a range of applied pressure which provides
t he hi ghest ahpWwetandise sixteprity-appjiedlpressusueanngt be fodp@eotr toe seallr @mSfur al
pressure. The feedback unit 606 will then provide correspondi ng indicators
to the usealitosf thtdelartep PRE ssngl Wi seryy- nﬁorcﬂﬁamﬂ'ét PFroiflustraied iy 8 crass Sﬁ‘ﬁﬁl‘yr ng
pressure wthin, above or beI ow t he det rm n exenpl ary

embodi mesf 2 biged vegssiBOR b ki 8 Bk ARt ﬂ gn V‘é‘ﬂfﬂ?'?l" gefli?% Bl W’"QJ”CF @oul d
d d bl d tq th t h d
i B SR By A P P e

user to " r "Apply the

Sane Anoi?f%ﬁo‘gf%gg?té@s eoe.r %Héﬁe E ar@ged E{é%aglagég Elﬁe%e in the f or m of
nmusi cal tones of different pitches or sounds - such as a ringing sound or
buzzer sound - which are widely known as positive or negative sounds. 42

| n anot her exenhakyib adliilfbied i BIcE & e Gorileatioh Bf MInlBY eftshal BReuUSET 1 O

calibrate the evi ce ore actual neasurenent of the PPG signal is carried

out. Thi S 0B BV VASK B td18e UBluadd aB Y Yhedsitambmt siteOBodivhber gt
pressures to the device during a fixed period of tinme, during which the

f eedback pfdistireT®aspned Fedulting RRGsisiapteadbf regulaeicd fldwrand getdratingtskewedePGod and
determ nes a range of applied pressure which obtains an optinmal PPG signal.

For exanpigeal date lfiherextomal fressuskis dod smaixetdo highe dmaneactishiprassirelat theiwal a
profile of pressure ranges over a period of tine, such as the force profile
808 i n t héthaidodedsget 33s5is fow, gndimhs aGmall FPEI @HGVW“’AQ obsereasli| t of the
calibration, the device 600 is able to obtain a range of applied pressure
for each indi vi dual wuser, rather than a generalized range which will not be
accur at e dependi ng on the individual user berng measur
FIG. 5 is a graphical illustration of the amplitude 502 of a measured PPG signal in

comparison with an amount of applied external pressure. With a low applied pressure in

range A, the amplitude 502 is correspondingly low. As the applied pressure is increased, in

range B, the amplitude also increases. However, when the applied pressure increases

beyond a certain point, the amplitude decreases again, as shown in range C. To obtain a

strong PPG signal, the external pressure should be sufficient to minimize transmural

pressure such that the external pressure is equal to the internal pressure. Further illustrated

in FIG. 5 is a range 504 within range B where the amplitude of the PPG signal is at its peak.

Within this range 504, an externally-applied pressure is instantaneously balanced with the



I n one exenpl ary enbodi nent, the feedback unit 606 may be a portable

devi ce, such as a nobile phone, snartphone, personal digital assistant
(PDA), tablet, netbook or |aptop, although this Iist is not exhaustive by
any neans. However, the feedback unit 606 may not need to be portable, and
could simlarly be a conputer or serygr. The feedback unit 606 nmay be
connected with the optical detection device 600 in a wired or wireless

f ashi on,intemat Artesiabhressyse.olfks Ealtipg dbArdele A ZeEUERNSYR i RSy &§b7$3l bus
(USB) port or the 30 pin connection used  in the Apple(r) iPhone(r) (Apple
Conput ertranpmeral preasyis: thendyterighyalls are unloadeq aﬁﬂé’f%@?%?‘@wg'd?%?ﬂnpe%@;epor tabl e
device may be integrated with the sensin vice as a single sensing device
1700, acCameueTin T Qood (P B 435 AR D BORs g TPROMIGEL RIS hi n &

housi ng 624 of a portable deyjce 606; in thi cated near a nenu
button 696 CSFbe ﬁ‘é‘P”b%?‘i’ érl%?ﬁ%“fafllﬂ Pé%“'{i%%g%ﬁ&usgggﬁgf%gﬁom a display 614. The

illum nation and detection assenbly (conprising the wave emtter and
detector) and the force transmtting nmenber can be integrated with the
portabl e device 60

Jforce transmitting meb: _f
et ectt on' as Ayl o Selglh Reo i R E 1Rl ey AT BIR ol >3
Wh such 8 GONCLO ALERhay B Pl ARL S AP0 AR SeRABURNBY e T Vi NG

out processing ensi ng devi ce 600, as signal

condi ti Oﬂgiﬂﬂin%p@h%%%%ﬂ@fb?ﬁﬁhﬂﬁg ASpHRERPAE digha o0 aM éxﬂanﬂ@@ﬁéﬁbdt o the

bl ock diagramin , the sensing device 600 integrated with the

por t abl exrqgwl a8 &&ﬁdm%waﬂtirﬁaliﬁstémbﬁ@feadw% BUsOWeiiganeiaikd, tNeivser a
processi ng portion 630 woul d be provided by hardware and firmvare of the of

t he portighibR dandtaalyifust THeears@ms oh grepauré ibeing GdBlietbisl the idedibel treordheto
illumnation and detection assenbly 602 (conprising the wave emtter and
det ect or ¢btain dn bhiimym EPEsIgnat chlewdvien theasrgiemid) presdue may npl dnbishe atestit ph FI G
15. I n anot her exenplary enbodi nent, the illum nation and detection
assenbl ya stale doepr iransmaral prassureabid mMayalse @eulhiramdhe pirstieol APSoPHXY ansbr t abl e
devi ce, such that the canmera functions as the photodetector while.the flash
f unct i ongcatieringnratiy efhlight g light traygls i 2gd r?UéﬁHach’ﬁ%“aO WBEH°h2 UPY et
proximate to each other on the portabl.e device,. and the fla be
ont | gur BEERrTh i PiaeCsiRI e PP iads et Sfbdet et Bkt &
wavel engths. of Jlight. In thi L ent., r 58 gt ection
assenbl pr‘?Hf‘t& tﬁee SHe San “;}‘Q's“ éﬁ%@?@aﬁﬁﬁgﬁ? cﬁhﬁ(&:gtg LF%rr]n e%%%ﬁ?’rﬁ%%gn ’t%@ :
por tabl emQ?WoF ftavel in and out of the finger effectively enough for a good PPG signal to be
detected. Where the pressure is too high, light may be absorbed or scattered such that the

amount of light detected is insufficient to obtain a good PPG signal.

it will also be understood that the sensing device disclosed herein may also comprise
or may be coupled to feedback unit that is capable of providing feedback to the user
indicating whether the user is applying insufficient pressure, too much pressure or the
correct amount of pressure. The feedback to the user may be visual or auditory in the form
of a visual display or audible sounds, and may particularly be a display of the real-time PPG
signal being captured by the device. The feedback may also be a more simplified display
indicating whether the user should take action to increase or reduce the amount of pressure

being applied to the device. In another embodiment, the feedback may be in the form of



FI Gs. 11A and 11B illustrate yet another exenplary enbodi nent, where the
portabl e device 606 may be oriented in a | andscape configuration such that
the user views the display 614 horizontally and interacts with the sensing
device 600 in a way that is easier for the user to hold the portable device
606 in the user's hands. In |landscape orientation, the user can place a
finger 612 on the sensing device 600 #nd nore easily view a larger tine

period of the PPG sigpal. 616. . Fl Gs. 12A and. i st.raf e .anot her
exenpl ar {° 1%88?’9?15& ‘,gﬁ?/(ﬁ‘gr%‘eadeﬁlcﬁr%??l{cﬁs otd S%r?gllaﬁgw%f%t\%n C%Q&G%Ag%rl{ 600B
are integqrat ed.svvittah tmﬁurg%gg%bl e device 606 for interaction with the user
inalan '?53‘58'0% eftatron: Mhe use of nore than one sensi ng device wll

al l ow 44 neasurenent of additional physiological properties, As shown in
FIG 13B, the user can easily hold the portable device 606 with both hands

632A and 6326 ide.al | .aci [ ' 34A 6
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that the §soﬁadqmgh1§ﬁeaﬁdr%‘ﬁ5ndtﬂg%9cﬁ§p% 642 fafrkrbi&ived HeRW Ath regbrtito t he

correspoﬁ I ng sensing “devi ces 600A and 6008 in a natural configuration. In

thi s enmbegs MmNt The faBdBEER Ln® 606 wEtRed 34P@ BigN4 4B mestuichrsasiretmntsofr@per at e
the portable device by interacting with the touch screen display 614 or

menu but ten sédfhgWbelice B0 amil@mdoraigecosrettes el REGS sipsad dwithy thehpresauigi ng
devi ces 600A and 6006. In the enbodinents illustrated in FIGs. 12 and 13,
because hiraswemests in piertaldeteymioé as epnal gnoenti af eresee A2k ppvigeoan optimale may

al so be a corresponding plurality of PPG signals 616A and 6166 and pressure
stat us b&PS 4G aarsliow? dche ceopatispg PYS signal grapiTRE2 prcbappliekpighture g@phal so
include software or other conputer programmabl e instructions which carry
out i nst BOtillugtiated & RIB; hgnd descakest i meEF daidl Rt essi ng the PPG signal, the
pressure neasurenents, and creation of the output to the user relating to
the correlation of the detected PPG signal and pressure neasurenents.

The feedback unit 606 may be provided with a display 614, as illustrated in FiGs. 8A
and 8B. The display 614 may provide visual feedback to the user in the form of a graphical
user interface (GUI) during the process of measuring the PPG signal. The visual feedback
may be a real-time display of the detected PPG signal 616 so that the user can instantly see
the effect of varying the amount of pressure being applied to the sensing device and adjust
the amount of pressure until an optimum PPG signal is displayed. The display 614 may aiso
provide a real-time graphical indication 618 of the pressure being applied. The graphical
display 618 of the applied pressure may track the PPG signal 616 on the same graphical
display (see FIG. 19A, below), or perhaps be displayed in the form of a vertical pressure
status bar 620 positioned on one side of the displayed PPG signal, as illustrated in FIGs. 8A
and 8B. The status bar 620 will move up and down depending on the amount of force being
applied by the user. In this embodiment, the user identifies an optimal PPG signal in order
to determine whether the displayed real-time PPG signal 616 can be improved. However, by
displaying the detected PPG signal 616 and possibly the pressure status bar 620, the

feedback unit 606 is not required to compute an amount of pressure that provides an



The monitoring of (i) the PPG signal fromthe illum nation and detection
assenbly and (ii) the anount of force exerted by an individual fromthe
pressure assenbly thus enabl es the sensing device to obtain an opti num PPG
signal with a high signal to noise ratio. The signal to noise ratio is
augnented in an optical signal. The gensing device provides for a PPG
signal to be acquired at a zero transnural pressure that is unique to each
user usiapfmumePRI@vignd, as thguser is perfoTpiag trissHieR MATHIHPY ﬂ%ﬁ'yzmg@%ij'@ﬂ@ledpr ovi des
a highly accurate nmeasurenent of various physiological parageters detected
by phot dpftesispaifd§rapmgking ggiHstarents WiRewHdeBsH detggpe ‘fe-dfj gﬁhlf'ﬂrafﬁsood.

| n anot her enbodi nent, the sensing devjce further includes ac ui§'tion of
syst ol i dhafredarekatdioos apd Bispepsiag daviee QR0 ARRAID. WoRTE Sl B N9 P %g’t ecting
the paraneters, to deter rri(%e. bl ﬂ(?d pressure involves placing the finger 612
face doviPSBIADY Phie SEASING4TXEF SH%and det ection assembly 602 (conprising the
wave emtter and detector), as illustrated in FIG 6. Another option for
detecting the paranmeters to determ ne bl ood pressure involves placing the

ide 638 of the fi 612 L gi. ' )
e 035 of e 1L hiel 3 ety LR o0 ol Y HhESCETe ey
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applied? rce profi respect to time, as shown in the applied
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identify when the PPG signal 806 begins to display a PPG waveform (poi nt

810) andeywheniot-bedddRca Kadibaghticoloedd dispiyesmaf e digmayet tBtk2 the wer toheeist poi nt s
are indirectly associated with the highest and | owest point of the bl ood
pr essur ethelamcadtoftforea being tapplidi sSienfiarlyy $iesGUl hay eixplyrdisplaypwerds talliegteeeded t o
achieve zero transmural pressure can be determ ned. Wien zero transmural
pr essur euses tachipply ddore tRTessORG “Wapieflasm Rressuest oF (ARPhihgheame fipaunt glle, as
shown at area 814 in the PPG signal graph 802. In FIG 8, as tl%rggq?unt of
appl i ed Biesswar dn Fif-1Soadighlightes: X §28 rapydeRlaced Sver the Pregslys stahts al
decrease over tine, the PPG ef orm 806 .ch es |.n | itude accordingly.
Thus. T oRHRSAEN PHEhET0E 3 BHG0 FoToeHRC MO T BB e BSS N t b
respect to appljed force 808 t hi Ty oI PpEg ks
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transmural pressure STat e.

pressure which provides the highest amplitude of PPG signal - usually 2 state of zero

transmural pressure. The feedback unit 606 will then provide corresponding indicators to the

user on the display 614 depending on whether the user is applying pressure within, above or

below the determined range.

In an exemplary embodiment, the feedback unit 606 may not require a display, as it
could provide audible commands to the user through a speaker or other audio output
component. For example, the audio device could simply talk to the user to say “Apply More
Pressure,” “Apply Less Pressure,” or “Apply the Same Amount of Pressure.” The audio
feedback could also be in the form of musical tones of different pitches or sounds - such as a

ringing sound or buzzer sound - which are widely known as positive or negative sounds.



46 One exenpl ary enbodi nent of the sensing device is described in
further detail below, including its conponents and their relationships. In
t he exenpl ary enbodi nent bel ow, the feedback unit and correspondi ng

i nterface, processing and display is described for an Apple(r) iPhonee,

al t hough one of skill in the art wll recognize that other portable devices
may be used. The illum nation afid detection assenbly 602 (conpri sing
the wave enmitter and detector) may be connected with the feedback unit 606,
in this case a portable device such as an i Phonee, using the 30 pin

t t th f the f K. unit . i shi hysi cal
onnect | on'of I PN IRATRED: SREEIRS el Botorand vt 6B HRb Ak IR e W orshank
it 606 her ,f f ' b68 iR afl ; it
(Vo e et the ek shRidheticl MR eRERCy 4 bEQ sighall chACO Bt OiChhay D,
t ts.inf i L. i i i ; dat
extracts 'Qggég@ﬁ#ﬁ? u%%go%pbag%%hi&gtdf QiffeliHf PRSSFebItRE déviteSRitifly AGixed data

to the f& ny other formof processing device. This

aut hent i Bﬁd.doé? HRECGERS WIRY tREresiRick [ihiEmbasurdiahe PRONRYNG) det@led ping tHat

requires at any device using the 30 pin connector purchase an

aut hent i gaki Qfiok A8 NHeldrMMedNAPIAGS bof applied pressifd Whichebesiangi eptirhala#PG Phonee,
comuni cation is enabled via the Universal Asynchronous

Recei ver L§hansor ekatiplé, UARTSernmay be abkekirtorexerh ere3urpiwhile doliowingar profiletdie

i Phone(r). Strings of data are sent to UART every 8 mlliseconds fromthe
MCU of t peesbirewangeabivara petid détipe.t such aa deeiutse\praft8Qtointthteapniing Ricsyre

The data is conprised of 2 bytes of header and 10 bytes of payl oad. The
payl oad gepb@04 ii KIBd@dAs aresult ofthe calibratigpthe dryisa €90} able by phtain Grrangg;of -
DC1(IR), DC2(Red), PPGL (IR), PP&2 (Red? and FS (Force Sen%orﬁ“ TQbs dat a
i s obt ai aeeliedpresspeXor ¢ach indifiduat usgrdather tAR R 89K AN WRISR WL P8 ¢ age

(V). accurate depending on the individual user being measured.

In one exemplary embodiment, the feedback unit 606 may be a portable device, such
as a mobile phone, smartphone, personal digital assistant (PDA), tablet, netbook or laptop,
although this list is not exhaustive by any means. However, the feedback unit 606 may not
need to be portable, and could similarly be a computer or server. The feedback unit 606
may be connected with the optical detection device 800 in a wired or wireless fashion, or
through a proprietary connector, such a universal serial bus (USB) port or the 30 pin

connection used in the Apple® iPhone® {(Apple Computer, Inc., Cupertino, CA).

In another embodiment, the portable device may be integrated with the sensing
device as a single sensing device 1100, as shown in FIG. 10. The sensing device 600 is
incorporated within a housing 624 of a portable device 606; in this case located near a menu
button 626 of the portable device 606 and separate from a display 614. The illumination and
detection assembly (comprising the wave emitter and detector) and the force transmitting
member can be integrated with the portable device 606, thereby eliminating the need for a

separate pressure detection assembly or a separate ilumination and detection assembly.



47 DC1 and DC2 provide information for the DC conponent of the PPG
waveform thus enabling calculation for saturation of peripheral oxygen, or
Sp02. PPGL and PP&X establish the actual PPG waveform and provide
information for the AC conponent of the PPG waveform FS sets out to
provide information of the anount of ;pressure applied to the illum nation
and detection assenbly 602. An exanple of the data decoding format is show
i n Tabl eVith stxdl awonfiguration, the maralrPdeyre R8P IS PRIPEEEY BIYiER PUNRIOES FhEnent s,
bot h of which containing information critijical_ for waveform analysis. Signal

condi t | Hraigns for thecseasing devinerG09r sheh 38 FI9pRRONItieNIBhLERH $993hBOFFHEE®NdYi on for
further processing at the feedback unit. One & gji nt of the signal

G 1 CARHEpoR bRk i PoaridodBe Glae lPdseon, S oy BoRg, 5758 Bl b
gggplonlen_t S g)fﬁ{ he illum r]at' an %&9 det ecﬁyi gn .asgerrbnf;? %%ﬁ Agiél%hr“ tated iyn
the bl odR‘eﬂriaE?&r‘%’l'Feﬂ b Hgft'@ef’lg?"ce woulg anlyteapis A&t 'iq c(’:orrptjnen(? of the
PPG si |, th I | 642 obt ai t j
i gi 11 e pesEn 30 TR g R AL i RLACE B Mindpthatl |
buf f er (t%e@ce%@. %nggjréwgeﬂort Q9% v@ﬂf&a{ﬁ&eﬁﬂe&lﬂé Anhatidhfddebbdibn asRRBIWUP tO

100 sanples each before“sending col ata to the processor 650.
Using t hgyr gégﬁqﬁﬁmt 8 walte R iaRg dReceNEMANAS bregate RBtedRincistbp oDy, t he

processor 6 e processor 650, the digital values for Vsub (IR) and
Vsub ( RERildstra®rd it F1es. 6 conponents) are cal cul ated. The Vsub signals 652

are subsequently converted by a digital-to-anal og converter (DAC) 654.
The determ ned DC conponent (Vsub) is then subtracted fromthe raw signal,
Vraw to obtain Vac 656. The new raw signal, Vac 656, then undergoes a
second st age |agotHer @RéhpBryaémiodirRaNthesilhargieatinpand tetect®bassemblptraayn Vppg
660, where the signal to noise ratio is inproved conpared with Vraw 642.

comprise a camera and flash of a smartphone or other portable device, such that the camera

functions as the photodetector while the flash functions as the light source. The flash and

camera would be located proximate to each other on the portable device, and the flash

would be configured with a red LED and infrared LED to output the required wavelengths of

fight. In this exemplary embodiment, the pressure destection assembly would be the only

significant modification required on the portable device.

FiGs. 11A and 11B illustrate yet another exemplary embodiment, where the portable
device 606 may be oriented in a landscape configuration such that the user views the
display 614 horizontally and interacts with the sensing device 600 in a way that is easier for
the user to hold the portable device 606 in the user's hands. In landscape orientation, the
user can place a finger 612 on the sensing device 600 and more easily view a larger time

period of the PPG signal 616.

FIGs. 12A and 12B illustrate another exemplary embodiment, where a plurality of
sensing devices 600A and 600B are integrated with the portable device 606 for interaction

with the user in a landscape orientation. The use of more than one sensing device will aliow



48 The resolution of the new raw signal 660 is thus enhanced
substantially when digitized at ADC2 662, as can be seen fromthe graphical
representations of the Vraw signal 642 in FIG 16A, Vac 656 in FIG 166,
and Vppg 660 in FIG 16C Referring to FIG 11, in order to collect
the data, an MCU clock 1200 is set to toggle at a predetermned interval to
accommodate retrieving results frombdth LED(IR) 664 and LED(RED) 666

duri i fil. int.e and ” I h
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One exenplary enbodi nent of a nethod of using the sensing device is

descri bed, Hghgh Neiiddmene iiRsenseint Acks! @A B8d 188} heasereiny aipioad 50GA endnpl ar y
QU illustrated in FIGs. 19A - 19C. A user seeking to obtain his or her PPG

si gnal s 8o ralybellodateaed BsikoPittieras3s ofthee porebleadelvica G686, sodhatttheusse gaor
surface of the sensing device (51402). Calibration of the device to the

i ndi Vi duglacslfRiex fivgerde12pesrfds 128dn (Btad4jth theheorrespdngding sensingsdeyidee 08 appl y
an anount of pressure over a specific period of tine, corresponding to a
force prahd 5eOBB4 natwakcoRfighration. In thisgrhkadingntdbe usens thiweds 634A28088%8 0 vary
t he applied pressure such that the system can determ ne an opti rrum?ressure
for the aecthemfreatradperitethetnogable dayied biyinterastionyith Biejeudhisgieer disiaY 647 om t he
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at | east obmenyBHIQsy 26 wiple @ Ndes AngehoE a8 PRSP AP SPRTN%TeVTS of
applied pressure S illystrated in t raphi i in.F . 19B and
15| Fi cand 500k cindhg pimppiianS il i eE R RL RiGRS: YR B dbdRuy T,
calcul ategd area 2110 r.t u in, E : ki &eS@gct to
applied B 8@?ﬂpeg%’f8§%agi€€é1g @B% {'Qﬁ% Tgbag?:mgéz:gﬁ?%gpéi%g%ﬁ{gs&2102 and
2104, 1 CSRRGL BYEA dna $ftisSlhalpdodirelsBhi Sdeastial i 620b BESRMGY.Cf or s at

differen

The feedback unit may also include software or other computer programmable
instructions which carry out instructions relating to receiving and processing the PPG signal,
the pressure measurements, and creation of the output to the user relating to the correlation

of the detected PPG signal and pressure measurements.

The monitoring of (i) the PPG signal from the illumination and detection assembly
and (i) the amount of force exerted by an individua! from the pressure assembly thus
enables the sensing device to obtain an optimum PPG signal with a high signal to noise
ratio. The signal to noise ratio is augmented in an optical signal. The sensing device
provides for a PPG signal to be acquired at a zero t_ransmural pressure that is unigue to

each user using the device.



49 applied pressures, and how the area under curve of the PPG waveformis
conputed. As shown in FIG 19A, the optimum pressure 2118 applied in FIG
19C, 299 nmHg, corresponds to the |largest area 2110 of PPG wavef orm
detected during the calibration (S1404). Once this optinmum pressure is
determ ned, a subsequent neasurenent ,period begins, during which the user
is asked to apply pressure within an opti mum range above and bel ow t he

opt i mum pr es She eesuSihg 08)mal RPPsigndl owsides ddwbiyi dsedratsi mepspegwntofverigusG.  8A,

t he amobunt of pressure being applied by the user nmay be displayed in a
graph 6ldwsinloging pdiraswrtery delestesicov phatoridieysmeaiepnpusieas arfatustsnnevebpf
pressure being applied in real-tinme. The graph 618 may al so be di spl ayed
usi ng t exygereisdlaod. st at us bar 620. |If the anmount of force being applied by
the user falls outside of the optimumrange, the systemcan detect this in
real-tinme and will ask the user to increase or decrease the applied
pressure in order to remain within the range of optinmmpressure and record
the best posdhisnethpPenkedinant. figa3ansipg (dsmqg'yfthef includes apqyisifiom rye8lf e i s
determ ned as the Bressure at which the neasured .Signal has thﬁhlargest

PG
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di agram t hat ustrates an e nent of a conputer/server system 2200

upon whi &angggtn%@m:{wtth@ﬁngeh@ﬂ AwerRtthy QighEitdneaOle Byito By ilmiratiph enent ed.
The system 2200 i ncludes a conputer/server platform 2201 including a

Pr 0CeSS0get@AidR adtinbEsu (YordBhgthé waveoaaitiat and detezxe); at dustratdd in€1G.0s, as
known to one of skill in the art. The term "conputer-readabl e nedi um' as
used her as shovaf BrRiGE b, aaRPGihialBa indbe PROGE sigriapataeB 8D7 is Monitored while the

user applies vertical downward force onto the pressure sensor 604 following a pre-

determined applied force profile 808 with respect to time, as shown in the applied pressure

graph 804. The basic fundamental behind this analysis is to identify when the PPG signal

806 begins to display a PPG waveform (point 810} and when the PPG signal finally dies off

(point 812), as these points are indirectly associated with the highest and lowest point of the

blood pressure. In addition, with this analysis, the external pressure needed to achieve zero

transmural pressure can be determined. When zero fransmural pressure is achieved, the

PPG waveform reflects the highest amplitude, as shown at area 814 in the PPG signal graph

802. In FIG. 8, as the amount of applied pressure follows the profile 808 of rapid increase

and gradual decrease over time, the PPG waveform 806 changes in amplitude accordingly.

Thus, looking at the entire range of PPG waveform from 810 to 812 with respect to applied

force 808, the highest amplitude PPG waveform 814 provides an indication of the

corresponding position on the applied pressure graph 804 where an amount of applied

pressure resuits in zero transmural pressure state.



providing instructions to processor 2202 for execution. Additionally, the
conputer platform 2201 receives input froma plurality of input devices
2204, such as a keyboard, nouse, touch device or verbal command. The

conput er platform 2201 nay additionally be connected to a renpvabl e storage
devi ce 2205, such as a portable hard drive, optical nedia (CD or DVD), disk
medi a or any ot her nmedium from which 4 conputer can read executabl e code.
The conputer platform may further C t : 12206
whi ch connect '?eoef?{'éoq%"ﬁt%?thoéjfm% Oéﬁﬁ%%g'gggﬁ g%gcnetg g%cﬁg{%z:n;ﬁéﬁ%ﬂ&g“ or

private Qﬁ%{g@ﬁgﬂﬁrs&%&w&tg BREUAGP Fol A Y 1D HRY b dfndidl dnbiolinfiag and

data to ormfroma renote [ocation on a network 2207. The

connect | %@Mtg@%%ﬁbaﬁt "ahq orEbidnBing 208 BB roBSssig Bandl digpla§'SS dBscabes ol s,

such as st andar uetooth(r) or cellular protocols, or via

physi cal ¢} LANGIHES IPRBNdE HithoughUusit aSsoPRI RS aRTwill irdGnid that Hthel portatd wor k
resources may I nclude storage devices for storing data and executabl e

i nstruct jQites Maydel@edt i on separate fromthe conputer platform2201. The
conputer interacts with a display 2208 to output data and other information
to a user, as well as to request additional instructions and input fromthe
user. The display 2208 may therefore further act as an input device 2204

for interactitik Wikhatorl96d .deficitd GASENENGG02 (compribing hensavegendithei @ad

di scl osed herein is an effective tool for acquiring PPG signals as well as
det ect t b&e@pH) intaybef@noaztacawitt the deduipatiienitl 896 inttiois paseia pertabiRGiayviagreaich of
desirable quality. As the sensing device is capable of functioning with

onl y oneasvaudPme®t esingitiee 3 pinveonaectet alcthe base [k theclestibagk dal 996 "be
advant ageousl y conpacted into a substantially smal|l vol une for e_ff'hci ent
user por establishing phygicahgamnaction o the ihapiaatiey a8\ detectign aspeakly SAe M Iheas

m ni mal conponents but yet still able to detect r,eflectt d Ii.tgwisg al s as
vel | as fasedbadhioit 888 o any fherdomk ef Rracesaig dRUC, dpicroceirgip/ny rat egi c

positi Om(srég |9|123 t%? ir]: C{?r‘ec elilu%r%rt}grrtn a;[ntdI ggecrﬁ%rqb aesrsémglp %Jzogﬁ%cts information for
authentication purposes prior to sending of data to the feedback unit 606 or any other form
of processing device. This authentication process may be specific to the iPhone®, as

Apple® requires that any device using the 30 pin connector purchase an authentication

token from Apple®.

With the example of an iPhone®, communication is enabled via the Universal
Asynchronous Receiver/Transmitter (UART) protocol from the 30 pin connector of the
iPhone®. Strings of data are sent to UART every‘ 8 milliseconds from the MCU of the

ilumination and detection assembly 602 to the iPhone®.

The data is comprised of 2 bytes of header and 10 bytes of payload. The payload is
sub-divided into 5 parts, each comprising 2 bytes of data: DC1(IR), DC2(Red), PPG1 (IR),
PPG2 (Red) and FS (Force Sensor). This data is obtained in a HEX file format and is then

converied to back to voltage (V).



transmtting menber substantially prevents waves emtted fromthe wave
emtter to travel directly to the wave detector to reduce noise in the
detected signal, wi thout the need of an additional shadi ng/shielding
conponent . It will be appreciated by a person skilled in the art
that other variations andlor nodificgfions nay be made to the specific
enbodi nents without departing fromthe spirit or scope of the invention as
broadl y deschicieshd Dtgeprpyids avitrmetidscidi ¥we MiGscamnonentiné kef Rff @ wayeiorie thignsi der ed
in all respects to be illustrative and not restrictive. CLAINS 1. A
sensi ng eteblingecaiaiigiion sbngaturation of paTPegralc PYISARYAESPE21aFECAnttY EF For
emtting el ectromagneti c waves to a surface;

establish the actual PPG waveform and provide information for the AC component of the

PPG waveform. FS sets out to provide information of the amount of pressure applied to the

illumination and detection assembly 602. An example of the data decoding format is show in

Table 1, below.

A raw PPG signal includes DC and AC components, both of which containing
information critical for waveform analysis. Signal conditioning is therefore performed in order
1o obtain the information for further processing at the feedback unit. One embodiment of the
signal conditioning process will be described below, and may be carried out by components

of the illumination and detection assembly 602 illustrated in the block diagram of FIG. 16.

To determine the DC component of the PPG signal, the raw signal 642 obtained from
a photodetector 610 is digitized at ADC1 844. The digitized signal will be passed on to both
buffer (IR) 646 and buffer (Red) 648 accordingly, which will store up to 100 samples each

before sending coliated data to the processor 650.

Using the raw samples, a baseline DC component can be determined by the
processor 650. At the processor 650, the digital values for Vsub (IR) and Vsub (RED) (i.e.
the DC components) are calculated. The Vsub signals 652 are subsequently converted by a

digital-to-analog converter {DAC) 654.

The determined DC component (Vsub) is then subtracted from the raw signal, Vraw
to obtain Vac 656. The new raw signal, Vac 656, then undergoes a second stage
amplification at a second stage amplifier 658 to obtain Vppg 660, where the signal to noise

ratio is improved compared with Vraw 642.



an el ectromagnetic wave detector for detecting the emtted el ectromagnetic
waves that are reflected fromthe surface; and a force transmtting nenber
configured to transmt a force applied thereto for detection, wherein the
force transmtting nenber is positioned relative to the el ectronagnetic
wave emtter and el ectromagneti c wave detector to substantially prevent
waves emtted by the el ectromagnetic #ave emtter fromtravelling directly
to the el ectromagnetic wave detector. 2. The sensing device as clained in
claim1, wherein the force transmtting nenber is disposed between the

S oral noIne e, YEEBTT ok AL 8D % S5k ERIRTHAE NN RLEGEATy Hned 1©
LSRR 5 bied,

Sensi ng deVI Cc one |ng clarns,

conpri sig %EJ ?{rﬁgcéiﬁézegg Qén ?@ﬁ%@rﬁ]ﬁe? thf r% egérﬂﬁﬁ{é bith@¥ n{)er%’:‘?&ﬂ for

detectln orce transmt cetr nsmttlng me
842 in FIG. 16A, Vac 856 in FIG. 16B, and Vppg 660 in FIG. 16C.

Referring to FIG. 11, in order to collect the data, an MCU clock 1200 is set to toggle
at a predetermined interval to accommodate retrieving results from both LED(IR) 664 and
LED(RED) 666 during a respective first interval 1202 and second interval 1204. In the non-
limiting embodiment shown in FIG. 11, the interval 1210 is set to 4 milliseconds. The data
collection sequence is then repeated in the third interval 1206 and fourth interval 1208.
Before each toggle between the two LEDs, data from ADC1 644 and ADC2 662 are faken

and sent to UART.

One exemplary embodiment of a method of using the sensing device is described
herein with reference to FIG. 18, with a corresponding exemplary GUI illustrated in FiGs.
19A - 18C. A user seeking to obtain his or her PPG signals will first place a body part, such
as a finger, on the sensor surface of the sensing device (81402). Calibration of the device to
the individual user may be performed (§1404), where the user is asked to apply an amount
of pressure over a specific period of time, corresponding to a force profile 804, {see FIG. 7).
In other words, the user is asked to vary the applied pressure such that the system can
determine an optimum pressure for the user by analyzing the resuiting PPG waveforms that
result from the variety of applied pressures (S1406). The user may also be presented with
at least one measured PPG waveform generated by a particular amount of applied pressure,
as illustrated in the graphical displays in FIGs. 19B and 19C. FIG. 19A is a graphical display
2106 which shows the relationship of a calculated area 2110 under the curve in FIGs. 198
and 19C with respect to applied pressure 2108. FIGs. 19B and 19C are graphical displays

2102 and 2104, respectively, which illustrate the different PPG waveforms at different



4. The sensing device as clainmed in claim3, wherein the force detector
conprises a mcroel ectromechani cal system (MEMs). 5. The sensing device as
claimed in claim3, wherein the force detector conprises a piezo-based
sensor. 6. The sensing device as clainmed in claim5, wherein the
pi ezo- based sensor is selected fromthe group consisting of a piezoelectric
based sensor, a piezoresistive based sensor, and a piezocapacitive based
Sensor . applied pressures, and how the area under curve of the PPG waveform is computed. As

shown in FIG. 19A, the optimum pressure 2118 applied in FIG. 18C, 299 mmHg,

corresponds to the largest area 2110 of PPG waveform detected during the calibration

(S1404). Once this optimum pressure is determined, a subsequent measurement period

begins, during which the user is asked to apply pressure within an optimum range above and

below the optimum pressure (S1408). As previously described with regard to FIG. 8A, the

amount of pressure being applied by the user may be displayed in a graph 618 on the

display 614 so that the user can see the amount of pressure being applied in real-time. The

graph 618 may also be displayed using the pressure status bar 620. [f the amount of force

being applied by the user falls outside of the optimum range, the system can detect this in

real-time and will ask the user to increase or decrease the applied pressure in order to

remain within the range of optimum pressure and record the best possible PPG signal

quality (51410).

Optimum pressure is determined as the pressure at which the measured PPG signal
has the largest waveform amplitude, or area 2112 under the PPG waveform, as shown in
FIG. 198 by the area 2112 bounded by the PPG signal 2114 and baseline 2116. FIG. 19A
then graphs the variation of the area 2112 under the PPG waveform with respect to the
pressure 2108 applied on the sensor. As may be observed in this example, the optimum

pressure 2118 is at 299 mmHg, where area 2112 under the curve is at its maximum of

11.63.

FIG. 20 is a block diagram that illustrates an embodiment of a computer/server
system 2200 upon which an embodiment of the inventive methodology may be implemented.
The system 2200 includes a computer/server platform 2201 including a processor 2202 and
memory 2203 which operate to execute instructions, as known to one of skill in the art. The

term "computer-readable medium" as used herein refers to any medium that partiéipates in



53 7. The sensing device as clained in any one of the preceding clains,
wherein the el ectromagnetic wave emtter conprises a light emtting diode.
8. The sensing device as clainmed in claim?7, wherein the el ectromagnetic
wave detector conprises a photo detector. 9. The sensing device as cl ai ned
in any one of the preceding clains, wherein the surface conprises a surface
portion of a user for neasurenent. 50

providing instructions to processor 2202 for execution. Additionally, the computer platform
2201 receives input from a plurality of input devices 2204, such as a keyboard, mouse, touch
device or verbal command. The computer platform 2201 may additionally be connected to
a removable storage device 2205, such as a portable hard drive, optical media (CD or DVD),
disk media or any other medium from which a computer can read executable code. The
computer platform may further be connected to network resources 2206 which connect to
the Internet or other components of a local public or private network. The network resources
2206 may provide instructions and data to the computer platform from a remote location on a
network 2207. The connections to the network resources 2206 may be via wireless
protocols, such as the 802.11 standards, Bluetooth® or cellular protocols, or via physical
transmission media, such as cables or fiber optics. The network resources may include
storage devices for storing data and executable instructions at a location separate from the
computer platform 2201. The computer interacts with a display 2208 to oufput data and
other information to a user, as well as to request additional instructions and input from the
user. The display 2208 may therefore further act as an input device 2204 for interacting with

a user.

APPLICATIONS

The sensing device disclosed herein is an effective tool for acquiring PPG signals as
well as detect the optimum force required by the‘USer to produce PPG signal of desirable
quality. As the sensing device is capable of functioning with only one wave emitter and one
wave detector, the sensing device may be advantageously compacted into a substantially
smalt volume for efficient user portability. In addition, the sensing device disclosed herein
has minimal components but yet still able to detect reflected light signals as well as the

compressive force exerted by the user,



10. The sensing device as clainmed In any one of the preceding clains,
wherein the force transmtting nenber is elongate in shape. 11. The sensing
device as clained in claimb5, wherein the piezo-based sensor is provided as
a flexible printed circuit. 12. The sensing device as clained in any one of
t he preceding clains, wherein the eI%ctronagnetic wave emtter and

el ectronagnepic twave detend @ositdringlios s darceontranshétisg triesidey, theefaseme pl ane.
13. The sensing device as claimed in claim12, wherein the el ectronagnetic
wave entrhhidfittiag chedrlbec suatagaigt prevants eadstesutiest fremdhel weposwdieoty tavelne
substrate. 14. The sensing device as clained in claim3, further conprising
a f eedbaiedctiym theomaypldetbctoo td eluéonaee ddbedetosted siapalf wtvhibr nged of #ei ng
configured to correlate the quality of the detected el ectromagneti c wave
wi t h t hedditimahshadingfsbieidmgaopippeshtt o the force transmtting nenber and
provi de feedback !'elated to the correlation. 15. The sensing device as
clainmed in any one of the preceding clains, wherein the sensing device is

capabl e of detectin hot opl et hysnpgr aphy. si.gnal s. o
P It will be agpprr)eciateé) by a %ersor? s% ec}/ in %h% art %hat other variations andfor

modifications may be made to the specific embodiments without departing from the spirit or
scope of the invention as broadly described. The present embodiments are, therefore, to be

considered in all respects to be illustrative and not restrictive.



16. - The sensing device as clainmed.in any one of the preceding clains,
further conprising a housing for housing the el ectromagneti c wave emtter,
el ectromagneti ¢ wave detector and for®@ transmtting nmenber, wherein the
housing is adapted to provide-structural rigidity to the sensing device.
17. A nmethod for preparing a sensing device conprising: provi di ng an
el ectromagnetic wave emtter for emtting el ectromagnetic waves to a
surface; providing an el ectromagneti c wave detector for detecting the
emtted el ectromagnetic waves that are reflected fromthe surface;
posi tioni n@l_ﬂﬁ%rce transmtting nenmber relative to the el ectromagnetic
wave emtter el ectromagneti c wave detector to substantially prevent
el ectromagneti c waves enmtted by the el ectromagnetic wave emtter from
travelling directly ghe wave detector, wherein the force trasnsmtting
nenber is confi gureé i%g 'Y IHYERLIRLSHG ce' applied thereto for detecti on.
-an electromagnetic wave emitter for emitting electmmagnettc '

waves lo a surface;
an e_!ec_tromagnetic wave detector for detecting the emitted
electromagnetic waves that are reflected from the surface; and
~ aforce transmitting member configured to transmit a force appfied
- thereto for detection,
wherem the force transmitting member is posstloned relatwe to the
electrcmagnehc wave emitter and eléctromagnetic wave- deiector to
substantially prevent waves emitted by the electromagnefic wave emltter
from travelrng directly to the electromagnettc wave detector.

2 The sensing device as claimed in claim 1, wherein the force transmitting
member is disposed between the electromagnetic wave emitter and
electromagnetic wave detector.

3. The sensing device as claimed in any one of the breceding claims, furtther
comprising a force detector coupled to the force fransmitting member for
detecting the force transmitted by the force transmitting member.

- 4, The sensing device as claimed in claim 3, whereln the force détedor
comprises a microelectromechanical system (MEMs). |

' 5.  The sensing device as claimed in claim 3, wherein tﬁe force detector
comprises a piezo-based sensor.

6. The sensing device as claimed in claim 5, wherein the piezo-based
sensor is selected from the group consisting of a piezoelectric based

sensor, a piezoresistive based sensor, and a plezoupacmve based
Sensor.



18. A personal nobile sensing system conprising: a sensing device

conpri si ng: an el ectromagnétic 88ave emtter for emtting

el ectromagnetic waves to a surface; an el ectromagneti c wave detector for
detecting the emtted el ectromagneti c waves that are reflected fromthe
surface; and a force transmtting nenber configured to transmt a force
applied theretg for.detection, wherein the force transmtting nenber is

posi tioned rel &ti ve' o SFRY JaYice rasnEgimeti B Yveneerl heahreeating cf'aies s onagnet i ¢
wave detector to suiietdmithdldietrinhient welve nitsregneliked WaKes oaffidg ed by the

el ectromagnetic wavu%aeemtter fromtravelling directly to the wave detector
; and )

8. The sensing device as claimed in claim 7, wherein the electromagnetic
wave detector comprises a photo detector.

9. The sensing device as claimed in any one of the -preceding claims,
wherein the surface comprises a surface portion of a user for
measursment.

'10.  The sensing device as claimed in any one of the preceding claims, wherein '
the force transmitting member is elongate in shape.

11.  The sensing device as claimed in claim 5, wherein the piezo-based sensoris
. provided as a flexible printed circuit. ' -

12.  The sensing device as claimed in any one of the preceding claims, wherein
the electromagnetic wave emitter and electromagnetic wave detector are
disposed on substantially the same plane.

13.  The sensing device as claimed in claim 12, wherein the electromagnetic wave
emitter and electromagnetic wave detector are disposed on a same substrate,

14.  The sensing device as claimed in claim 3, further comprising a feedback unit
coupled to the force detector, the feedback unit being conﬁgured to correlate
the quality of the detected electromagnefic wave with the amount of force
applied to the force transmitting member and provide feedback related to
the correlation. - -

15. The sensing device as claimed in any one of the preceding claims,
wherein the sensing device is capable of detecting photoplethysmography
signals. | :



‘a personal nobile processing device for coupling to the sensing device to
process a signal obtained fromsai'd sensing device. 55 19. The system as
clained in claim18, wherein the forc&4transnitti ng menber is disposed

bet ween t he el ectromagnetic wave enitter -and el ectronagnetic wave detector.
20. The systemas clained in any one of clainms 18 to 19, wherein the

sensi ng device fgirt hae s&%ﬁﬂgrdeﬁﬁéaﬁclgﬁeﬂ% éjrﬁ}to‘ﬁﬁbplrhe‘ﬁ ted&‘gdélt ﬁtﬂ?her orce -

transmtting member for detectlng the forcé transmt or ce
transmitting menber SOBREINGLE %‘S}@‘P@rff’b@'&q'@ FP@de'PW%@FWNaV%@Mn t he

force detector conprleseamagnatickMel REct? BREPAR eAImIeShamet AR the
: housing is adapted to provide structural rigidity to the sensing device.

17. A method for preparing a sensing device comprising:
providing  an electromagnetic wave emitter for emitting.
electromagnetic wa\-:es_to asurface; ‘

providing an electromagnetic wave detector for detecting the
emitted electromagnetic waves that are reflected from the si:rface;
positioning a force transmitling member rtelative to the
elecromagnetic wave emitter and electromagnétic wave detector
fo substantially prevent electromagnetic waves emitted by me
“electromagnetic wave emitter from fravelling directly to the wave
detector, '

wherein the force trasnsmitting member is configured to transmit a force .
applied thereto for detection.

18. A personat mobile sensing system comprising:
a sensing device comprising: ‘
an electromagnetic wave emitter for emitting electromagnetic
waves to a surface; -

an electromagnetic wave detector for detecting the emitted
electromagnetic waves that are reflected from the surface; and
a force transmitting member configured to transmit a force applied
thereto for detection, wherein the force transmitting member is
positioned refative to the electromagnetic wave emitter and
electromagneﬁc wave deteclor to substantially prevent
electromagnefic waves emitied by the electromagnetic wave‘
emitter from travelling directly to the wave detector
;and

a personal mobile processing device for coupling to the sensing device to

process a signal obfained from said sensing device.



22. The systemas clainmed in claim20, wherein the forte detector conprises
a pi ezo-based sensor. 23. The 'syster5as clainmed in claim22, wherein the
pi ezo- based sensor is selected fromthe group consisting of a piezoelectric
based sensor, a piezoresistive based sensor, and a piezocapacitive based

sensor. 24. Th, Sy Thesstfm & QaifBdini cind 19, vﬂ&%mQﬁeWi@ﬁl‘ﬁ'\ﬂm fiditlePR 18 tO 23,
wherein the surfacgl B?S%yegws a surface portion of a user for measur enent .

25. The system as eq He Gleatresiagaslls wave ewittes|aad plecti@nagaetiza, wher ei n
the el ectromagnet i evavandeteceomi tter and el ect romagneti c wave detector are

di sposed. on substantially the sane plane. 26. The systemas clainmed in
claim 20, wherein the personal nobile processing device further corrpri ses a
f eedback unit buplTeel systert he chintetdn d@tmtoirclatrrtshﬂs toel@OwWiRtdn thai sendd@)

configured to corrg V. et ec ectr ITHI’]'[IC wave
with the amount of ‘géregyug%p H@fﬁée% Oﬁcg #gfgeq@gﬁgﬂﬁﬁ@ﬁﬁ? and
provi de feedback. r ieibeifor detactiog e foras! tianérgited 13 The fce transsitignasnbed. ai med i n
any one of clainms 18 to 26, wherein the sensing device is capabl e of

detecting phot,@pl ety SPREh 3R Waims I Rtain 20, wherein the force detector compiises a
o mlcrnelectromechamcal system (MEMSs).

22. The system as claimed in ctaim 20, wherein the force detector cotnprises
a piezo-based sensor.

23.  The'system as claimed in claim 22, wherein the piezo-based sensor is
selected from the group consisfing of a piezoelectric based sensar, a
piezoresistive based sensor, and a piezocapacitive based sensor.

24.  The system as claimed in any one of any one of claims 18 to 23, wherein the
surface comprises a surface portion of a user for measurement,

256.  The system as claimed in any one of any one of claims 18 to 24, wherein the
electromagnetic wave emitier and electromagnetic wave detector are
disposed on substantially the same plane.

26. The.system as claimed in claim 20, wherein the personal mobile processing
: device further comprises a feedback unit coupled to the force detectar, the
feedback unit being configured to correlate the quality of the defected
electromagrietic wave with the amount of force applied to the force
transmitting member and provide feedback related to the comrelation.

27.  The system as claimed in any one of claims 18 fo 26, wherein the sensing
device is capable of detecting photoplethysmaography signals.



56 28. The systemas clainmed in-any one of clains 18 to 27, wherein the
-sensi ng device is coupled to the personal nobile processing device in a
cabl el ess configuration. - ) 56 .

28. The_- system as claimed in any one of claims 18 to 27, wherein the sensing

device is coupled fo the personal mobile processing device in a cableless
configuration. '



