Devi ces and Met hods for Phot opl et hysnographi ¢ Measur enents BACKGROUND Fi el d
of the Invention [0001]This invention broadly relate to devices and net hods
for non- invasive optical physiological nmeasurenents, including the
detection of a photopl et hysnography (PPG signal froma user, and nore
particularly to a pressure detection assenbly of an optical neasurenent
devi ce which detects an anount of pressure applied by the user to the
device. Description of the Related Ad [0002] Optical nonitoring of
physi ol ogi cal characteristics utilizes the detection of light transmtted

t hrough a | ogati,on of S bei asur ed. Phot opl et hysnmography (PPG is
an opti cal %%eﬁ@ﬂgtl\ﬂeﬁﬁpalﬁeﬂgeg’&@@ﬂi@tbysnbog&pmmwga&we@enﬁa t he

m crovascul ar bed of living tissue, typically by detecting |ight
transmtted through the ear | obe or fingertip. As arterial pul sations enter
the capillary bed, changes in the volune of the blood vessels or
characteristics of the blood itself nodify the optical properties of the
capillary bed. The PPG signal is used to neasure saturation of peripheral
oxygen (Sp02), which is an estinmati BAGGRO&NRvel of oxygen saturation in
a fluid, such as blood. The PPG signal can also be used to neasure bl ood
pressure. [ Go®dlohtheliventiguch as a pul se oxineter is an accepted standard
in clinical practice, and provides for measuring enhanced optical pulsatile

signals enf[00@Y by t Mhiscivvegtonibroadly valhiento afevidesodnd| PtHidst oy OREkL @
user. The pul se oximeter generally has a pair of small light emtting

di odes (LEDsjvasiei regtidal pdiyeidicieal Vﬂéa'%uﬁbrﬁérﬂ@,?'ih'&ﬁ&hﬁp%ﬁé Ateltith Wich S

body, usually a fingertip or an earl obe, positioned there between. The

1 ght from iphetdRlyRAsa @By MO sidhal okt 1R8A b %I’Fecf’éﬂ%%"ﬁ{gﬁ’oﬁet or s

phot odi ode. One LED i s Ted, l'engt h of "approxi mate

010 or 940 R Hhg pelsbish e Behy &f 4ol B Re B L SRR R irsty on
oxyhemngl ob TR SEB R Rl AR AR e EEineidlioay Trom the ratio of the
i rared |1 GRSCHRET of PBRUPHAEati ng component s at the measuring si te.
[0002] Optical monitoring of physiological characteristics utilizes the
detection of light transmitted through a location of a user being measured.
_ Photoplethysmography (PPG) is an optical measurement technique used to
detect blood volume changes in the microvascular bed of living tissue, typically
| by detecting light transmitted through the ear lobe or fingertip. As arterial
pulsations enter the capillary bed, changes in the volume of the blood vessels or
characteristics of the blood itself modify 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 biood.
The PPG signal can aiso be used to measure blood pressure.
[0003] A device such as a pulse oximeter is an accepted standard in

clinical practice, and provides for measuring enhanced optical pulsatile signals -



[ 0004] The basic formof PPG technology requires only a few optoel ectronic
conponents: a light source to illumnate the tissue (e.g. skin) and a

phot odet ector to neasure the small variations in light intensity associ ated
wi th changes in perfusion in a catchnment volune. [0005] The majority of PPG
devices currently available rely on sinple threshol ding, or peak detection
algorithns, to find principal peaks in a detected signal. However, these
nmet hods are typically unreliable when the detected signal is |ess than
ideal . Particular problens may be encountered when the baseline of the AC
si gnal component becones noi sy or conplex, as can occur even with mld

nmovenment artifacts. [0006] Hence, there i S a. need r J

measur enent Qe RY Hrcha H83h¢ BP{&H@ Q%Pﬂ%ﬁgwmﬁf%qgg"g? @g?ng Ilg’ﬁigpisﬁsi ng
an optical nmeasurenent device that seek to address at | eas{Lgiﬁng&. t he
above probl exinetsugenarally ouas jaTRaircofhaipal dight fmMding Sipdsst S)n@59r Bnent
devi ce for obtaining non-invasive physiol ogi cal neasurenents froma portion
of 1iving tiphstoeicied witht Adcarsiuaest pgrit dfcthearser'swidyh ustally pAingesin ar pp

i ncludes a pressure detection assenbly configured to detect and display an

anount of prEafsYEs Epattineddhbie Betvasiin. pahé ligit frorashe LEdg passbsvthoaiglutheng
the optical neasurenent. When a user applies an appropriate anount of

pressure to ghge ARk i§ Heté@B8 Wyt photediceie. OriReLEBSIH iddnvith gaablehgthnafi se
ratio of the detected optical ‘nmeasurenent signal, such as a

phot op! et hy SARACARINLSbED Alnofr@lbrl fnin) G ARSI iAfRUE WA Giaidlength

nmeasur enent rom-t ser. An optinum pressure can be
determned in real ~ti apahyzi e ' "Bfkrs
i gnal and GSARBrRTRE, HpgR 10; G a0 B MRenid Al BieschalBRRUE b
Wi th a correspondi ng applied pressure. The. user. can_be, provi | g L0 e
f eedback i n(ﬁ'%@mﬁgmﬁ?@ o rﬁ‘ﬁéjaﬁ'tn :'Eﬁde'gﬁ é?g’fﬁgee“ﬁgﬁ%g’r@bpfﬁ%’S&’gg’ (hl%e
user should be increased, decreased or mmintained at, t me level. i
order to conatim@hioxyhemealphint ipcdemyheaiogiRbin icﬁvet%‘? gﬂlgp{é?qqiﬁogbh%aﬂo oF
measur ement device can facilitate providing an opti nal gr essure |
det er ni nat i dhe absomtionerf therredaand infwired dobt. i.gséie ratiepbisd bghtderinfigred
resulting optinmal neasurenment signal for each user. [0008]1ln sone exanple
enbodi ment s, fighhabsorptorpobmilsatthgacoroponards at the measuring site.
[0004] The basic form of PPG technology requires only a few
optoelectronic components: a light source to illuminate the tissue (e.g. skin) and
. a photodetector to measure the small variations in light intensity associated with
changes in perfusion in a catchment volume.
[000S5] The majority of PPG devices currently available rely on simple
thresholding, or peak detection algorithms, to find principal peaks in a detected
signal. However, these methods are typically unreliable when the detected signal
is less than ideal. Particutar problems may be encountered when the baseline of

the AC signal component becomes noisy or complex, as can occur even with

mild movement artifacts.



measur enent device conprising an illumnation and detection assenbly
configured to output light to a portion of living tissue of a user and
detect transmitted or reflected light as a signal; a pressure assenbly
configured to detect an anobunt of pressure applied to the illum nation and
detection assenbly by the portion of living tissue of the user; and a
feedback unit configured to correlate the quality of the detected signa

wi th the amount of applied pressure and provi de feedback related to the
correlation to the user. [0009] The feedback may be an indication of whether
t he user should adjust the amount of pressure being applied to the

i |1 um nati of00881 det ddenes theresenisty a perr iy ARecpical aasuryernt deyieg/aad r ange
of optimal applied pressures alaong with the actual applied pressure being
appl i ed by #hmethoar for- d¢tectirid Bhehysiolpgical signal mdinga@nl opticglr messuremeandy
correspond to a state of zero transnural pressure. [0012] The feedback may

be a requesgeyife i sesRto h@drie8S BERSEL ofkeof thassbave prebieis.n t he appl i ed
pressure. [0013] The feedback nay be a real-tinme visual output of the

detected signal and detected applied pressure. [0014] The feedback unit may
be a portabggnaaaryt er including a
[0007] There may be provided an optical measurement device for
obtaining non-invasive physiological measurements from a portion of living tissue
and method of using the same, which more particularly includes a pressure
detection assembly configured to detect and 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 can be provided real-
time feedback indicating whether the amount of pressure being applied by the
user shéuld be increased, decreased or maintained at the same level in order to
continually obtain the highest quality signal. The optical measurement device
can facilitate providing an optimal pressure determination customized for each

individual user, thereby obtaining a resuiting optimal measurement signal for

each user.



processor, nmenory and a display. [0015] The illum nation and detection
assenbly, pressure assenbly and feedback unit may be integrated into a
portabl e device. [0016] The portable device nay be configured with a
plurality of illumnation and detection assenblies and a plurality of
pressure assenblies. [0017] The illum nation and detection assenbly and the
pressure assenbly may communi cate with the feedback unit over a wreless
networ k. [0018] The detected signal nay be a photopl et hysnmography (PPG
signal. [0019]1n sone exanpl e enbodi nents, a nethod for detecting a
physi ol ogi cal signal using an optical neasurenent device conpri ses:

or  of | act clDO0BYT  acia S0 EATHIR G BROAI TN a0 B s HCGERY C i pRET 1o
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pressure detection assenbly; correlating the quality of the detected signal
with the ampewfiguséd dppbitedt pight saira postien of Jiving digsie afbaciser cand &8t t he
correlation to the user using a feedback unit. - [0020] The net hod may
i ncl ude proyhRématednot nefieaéd dight @st hesigsalr aopressure assembly configured to
detect an amount of pressure applied to the illumination and detection assembly
by the portion of living tissue of the user; and a feedback unit configured to
correlate thé quality of the detected signal with the amount of applied pressure
and provide feedback related to the correlation to the user.
[0009] The feedback may be an indication of whether the user should
adjust the amount of pressure being applied to the illumination and detection
assembly.
[0010] The feedback may display a range of optimal applied pressures
along with the actual applied pressure being applied by the user.
- [0011] The range of optimal applied pressures may correspond to a state
of zero transmural pressure.
[0012] The feedback may be a request to the user ta increase, decrease
or maintain the applied pressure.
[0013] The feedback may be a real-time visual output of the detected
signal and detected applied pressure.
[0014] The feedback unit may be a portable computer including a
processor, memory and a display.

[0015] The illumination and detection assembly, pressure assembly and

feedback unit may be integrated into a portable device.



whet her the anount of pressure being applied to the illum nation and
detection assenbly shoul d be adjusted. [0021] The net hod may i ncl ude
di spl aying a range of optimal applied pressures along with the actual
applied pressure being applied by the user. [0022] The net hod may i ncl ude
provi ding a range of optinmal applied pressures along which corresponds to a
state of zero transmural pressure. [0023] The net hod may i ncl ude requesting
the user to increase, decrease or nmaintain the applied pressure. [0024] The
met hod may i nclude displaying a real-time visual output of the detected
signal and the detected applied pressure. [0025] The nethod may incl ude
provi di ng f@8t6hck ofhe dasisbly deviee covmpuber opnfiguigdpMitiess oblugaldy aof
menory.

illumination and detection assemblies and a piurality of pressure assemblies.

[0017] The illumination and detection assembly and the pressure

assembly may communicate with the feedback unit over a wireless network.

[0018] The detected signal may be a photoplethysmography (PPG) signal.

[0019] In some example embodiments, a method for detecting a

physiological signal using an opfical measurement device comprises: illuminating

a portion of living tissue of a user and detecting transmitted or reflected light as a

signal using an illumination and detection assembly; 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; correlaﬁng 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.

- [0020] 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 adjusted.

[0021] The method may include displaying a range of optimal applied
pressures along with the actual applied pressure being applied by the user.
[0022] The method may include providing a range of optimal applied
pressures along which corresponds to a state of zero transmural pressure.

[0023] The method may include requesting the user to increase, decrease

or maintain the applied pressure.



[0026] The il lum nation and detection assenbly, pressure assenbly and
feedback unit nay be integrated into a portable device. [0027] The portable
device may be configured with a plurality of illum nation and detection
assenblies .and a plurality of pressure assenblies. [0028] The net hod may

i ncl ude wirelessly conmuni cati ng between the feedback unit and the
I1lumnation and detection assenbly and pressure assenbly. [0029] The
detected signal nmay be a photopl et hysnmography (PPG signal. [0030]1n sone
exanpl e enbodi nents, a conputer program product is - provided for detecting
a physiol ogi cal signal using an optical measurenment device, the conputer
program product enbodi ed on a conputer, readabl e nedj um and whe xecut ed by
a conputer [A0241a prothke smthesday Wﬁh@?ﬁsfg@f"?%?rf?al'ﬁ@er?@?%(?ug%ﬁﬂ?ﬁg? ng:
illumnating a portion of living tissue of a user and detecting transmtted
or refl ect edefectsu sigsalansi thaaletested gpatied pressitRat i on and det ecti on
assenbl y; detecting an anount of pressure applied by the portion of |iving
ti ssue of tgp2asyer t oThdanéihodniayt inchidenpraveding feedbanksenbd Wispay rafl at i ng
the quality of the detected signal with the anount of applied pressure; and

provi di ng fg@,ﬂ?g@f“ﬁﬁl @bﬁﬁeggo,tém goigrabgt i on to the user. [0031]In
accordance wth an aspect of the present invention, there is

[0026] The illumination and detection assembly, pressure assembly and
feedback unit may be integrated into a portable device.

[0027] The portable device may be configured with a plurality of
illumination and detection assemblies and a plurality of pressure assemblies.

[0028] The method may include wirelessly communicating between the

feedback unit and the illumination and detection assembly and pressure

assembly.
[0029] The detected signal may be a photoplethysmography (PPG) signal.
[0030] In some example embodiments, a computer program product is

- provided for detecting a pﬁysiological signal using an opfical 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 iltumination and
detection assembly; 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.



provi ded an optical neasurenent device conprising an illumnation and
detection assenbly configured to output light to a surface portion of a
user for neasurenent and to detect the output light transmtted or
reflected fromsaid surface portion of the user as a signal; a pressure
assenbly configured to detect an anount of pressure applied to the

i1 lum nation and detection assenbly by the user; wherein the anount of
pressure detected is capabl e of being used as feedback information to the
user. [0032] The illum nation and detection assenbly and pressure assenbly
may be integrated into a single portable device and a feedback upit pay be
further proB08dl sepdRA%CydanNceoWHD 18k aﬁP@@sB?é’“’a@é"é‘-‘rﬁﬂty”m'%tther‘e 1S
substantially deformor displace when in use. [0034] The device may be a

ref | ect anceplioyisied @eviapéicall gosauTeaent | dgvictat GOIRPIEERD det editnunatiisaansl v may
conprise a red light emtting diode (LED), an infra-red LED or both.

[ 0036] Sat ur @étectivrobsgEnblp renégurexdytgeouto GPIEt tord surface portedn bhe useerformay be
derivable fromthe detected output light information fromboth the red LED

and the i nfgas@@mdrP.andOR3defERE tPbufit igBRHanemRid OF véfesta@ o shler
conprise a coupling nmenber configured for coupling in a cableless

configuratiQirdd@ sorfish PR udBr2s! £5iBhAE aSirb88Lrd Y45EMbly configured to detect
an amount of pressure applied to the illumination and detection assembly by the
user; wherein the amount of pressure detected is capable of being used as
feedback information to the user.
[0032] The illumination and detection assembly and pressure assembly

may be integrated into a single portable device and a feedback unit may be

further provided separately.

[0033] The pressure assembly may not substantially deform or displace
when in use.

. [0034] The device may be a reflectance-based device.
[0035]} The illumination and detection assembly may comprise a red light

emitting diode (LED), an infra-red LED or both.

[0036] Saturation of peripheral oxygen (SP0O2) information of the user may
be derivable from the detected output light information from both the red LED and
the infra-red LED.

[0037] The optical measurement device may further comprise a coupling
member configured for coupling in a cableless configuration to a personal mobile

processing device.



[ 0038] The feedback unit may be configured to correlate the quality of the
detected signal with the anount of applied pressure and provi de feedback
related to the correlation to the user. [0039] The illum nation and
detection assenbly, pressure assenbly and feedback unit may be integrated
into a portabl e device. [0040] The personal nobile processing device may
conprise the feedback unit configured to correlate the quality of the
detected signal with the anmount of applied pressure and provi de feedback
related to the correlation to the user. [0041] The feedback may be an

I ndi cati on of whether the user should adjust the amount of pressure being

o Spl ay a rEGE] of opWeriACBBH Bl BALSS RSO AT EHRS G OB { o
pressure being applied by the user. - ¥0043]The range of optimal applied
pressures nagtectad eigrahdvitho the sampunt of applied pressure and provide feedback
related to the correlation to the user.
[0039] The iflumination and detection assembly, pressure assembly and
feedback unit may be integrated into a portable device.
[0040] The personal mobile processing device may comprise the feedback
unit configured to correlate the quality of the detected signal with the amount of
applied pressure and provide feedback related to the correlation to the user.
[0041] The feedback may be an indication of whether the user should
adjust the amount of pressure being applied to the illumination and detection
assembly.
[0042] The feedback méy display a range of optimal applied pressures
along with the actual applied pressure being applied by the user.
- [0043] The range of optimal applied pressures may correspond to a state
of zero transmural pressure.
[0044] The feedback may be a request to the user to increase, decrease
or maintain the applied pressure.
[0045] The feedback may be a real-time visual output of the detected
signal and detected applied pressure.
[00486] The feedback unit may be a portable computer including a
processor, memory and a display.
[0047] The portable device may be configured with a plurality of

illumination and detection assemblies and a plurality of pressure assemblies.



of zero transnural pressure. [0044] The feedback may be a request to the
user to increase, decrease or nmaintain the applied pressure. [0045] The
feedback may be a real-tinme visual output of the detected signal and
detected applied pressure. [0046] The feedback unit may be a portable
conputer including a processor, nenory and a display. [0047] The portable
device may be configured with a plurality of illum nation and detection
assenblies and a plurality of pressure assenblies. [0048]The illum nation
and detection assenbly and the pressure assenbly may communicate with the

feedback unit over a_w rel ess network. .
{0048] The illumination and detection assembly and the pressture

assembly may communicate with the feedback unit over a wireless network.
[0049] The detected signal may be a photoplethysmography (PPG) signal.
[0050] The personal mobile processing device may be one selected from a
group consisting of a mobile phone, a smartphone, a personal digital assistant
(PDA), a mobile music player, a tablet computer, a netbook and a laptop.
[0051] " In accordance with another aspect of the present invention, there is
provided a method for detecting a physiological signal using an optical
measurement device, comprising illuminating a surface portion of a user for
measurement and detecting transmitted or reflected output light from said
surface portion of the user as a signal using an illumination and detection
assembly; detecting an amount of pressure applied by the user to the illumination
and detection assembly using a pressure detection assembly; wherein the
. amount of pressure detected is capable of being used as feedback information to
the user.
{0052} The illumination and detection assembly and pressure detection
assembly may be integrated into a single portable device and a feedback unit

may be further provided separately.

[0053] The pressure assembly may not substantially deform or displace
when in use.

[0G54] The measurement device may be a reflectance-based device.
[0055] The illumination and detection assembly may comprise a red light

emitting diode (.ED), an infra-red LED or both.



[ 0049] The detected signal nmay be a photopl et hysnography (PPG signal.

[ 0050] The personal nobile processing device may be one selected froma
group consisting of a nobile phone, a smartphone, a personal digital
assistant (PDA), a nobile nusic player, a tablet conputer, a netbook and a
| apt op. [0051] 1 n accordance with another aspect of the present invention,
there is provided a nethod for detecting a physiological signal using an

optical neasurenent device, conprising illumnating a surface portion of a
user for neasurenent and detecting transmtted or reflected output |ight
fromsaid surface portion of the user as a signal using an illumnation and

detection a ly; tecti an a nt of pres a | b rto
the illum ngﬁ%ﬁ anddﬁ%? E‘Eﬁtﬁ%ﬁ Mas P{/ Campﬁagﬁg&ﬁ‘&ﬁﬁk*aﬁgf‘e&c‘té‘%ﬁh%ﬁ
assenbly; wherein the . anobunt of pressure detected is capable of being
used as feetkgan (SRQO2pforawtion Qfﬁg‘—’ e fromde seigrted Ppmﬁ?ﬁﬁtﬂti IBierRgon
detection assenbly and pressure detection assenbly may be integrated into a
si ngl e por t fibinebathihe eechhdDaardeibe iafeacrethliEDray be further provi ded
separately. [0053] The pressure assenbly may not substantially deform or
di spl ace whppos7p use. TheGiethdd emayefastheecempriskeuduminges cbeplimg member in a
refl ectance-based device. [0055] The illum nation and detection assenbly may
conprise a gaslelessRbnfiguration to a personal mobile processing device.
[0058] The method may further comprise correlating the quality of the
detected signal with the amount of applied pressure; and providing feedback
related to the correlation to the user using the feedback unit.
[0059] The method may further comprise providing an indication to the
user of whether the amount of pressure being applied to the illumination and
detection assembly should be adjusted.
[0060] The method may further comprise displaying a range of optimal
applied pressures along with the actual applied pressure being applied by the
. user.
[0061] The method may further comprise displaying a range of optimal
applied pressures along which corresponds to a state of zero transmural
pressure.
[o062] - The method may further comprise requesting the user to increase,
decrease or maintain the applied pressure.
[0063] The method may further comprise displaying a real-time visual
output of the detected signal and the detected applied pressure.

[0064] The feedback unit may be ‘a portable computer including a

processor, memory and a display.

10



emtting diode (LED), an infra-red LED or both. [0056] The nethod may
further conprise deriving saturation of peripheral oxygen (51'02)
i nformati on of the user fromthe detected output light information from
both the red LED and the infra-red LED. [0057] The nmethod may furt her
conprise coupling a coupling nmenber in a cableless configuration to a
personal nobile processing device. [0058] The nethod nay further conprise
correlating the quality of the detected signal with the anmount of applied
pressure; and providing feedback related to the correlation to the user
using the feedback unit. [0059] The method may further conprise providing an
i ndi cati on [P@8%3lhe usdhedilumfativerant detgabon assenihe RIgEaUBRFRPMINIAEY t o
the illum nation and detection assenbly should be adjusted. [0060] The
met hod may féedhavkrunitonpy bedntegeieciyito@ portabtydedee.opti mal  appli ed
pressures along with the actual applied pressure being applied by the ,
user. [0066] The portable device may be configured with a piurality of
illumination and detection assemblies and a plurality of pressure assemblies.
[0067] The method may further comprise wirelessly communicating
between the feedback unit and the illumination and detection assembly and
pressure assembly.
[0068] The method may further comprise 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; wherein the personal
mobile processing device comprises the feedback unit.
[0069] The detected signal may be a photoplethysmography (PPG) signal.
f0070] In accordance with yet another aspect of the present invention,
. there is provided a computer readable medium having stored thereon instructions
for instructing a processor of an optical measurement device to execute a
method for detecting a physiological signai using the opticai measurement
device, the method comprising illuminating a surface portion of a user for
measurement and detecting transmitted or reflected output light from said
surface portion of the user as a signal using an illumination and detection
assembly; detecting an amount of pressure applied by the user to the illumination
and detection assembly using a pressure detection assembly; wherein the

amount of pressure detected is capable of being used as feedback information to

the user.

11



[ 0061] The nmet hod may further conprise displaying a range of optinmal applied
pressures along which corresponds to a state of zero transnural pressure.

[ 0062] The met hod may further conprise requesting the user to increase,
decrease or nmaintain the applied pressure. [0063] The nmethod may further
conprise displaying a real-tinme visual output of the detected signal and
the detected applied pressure. [0064] The feedback unit may be a portable
conput er including a processor, nenory and a display. [0065]The ‘
i1lum nation and detection assenbly, pressure assenbly and feedback unit

may be integrated into a portable device. [0066] The portable device may be

contigured \[%t}ﬂ]a P u%i?zleliﬁl}/m%fation and detection assembly and pressure detection

assembly may be integrated into a single portable device and a feedback unit

may be further provided separately.

[0072] The pressure assembly may not substantially deform or displace
when in use.
[0073] The illumination and detection assembly may comprise a red light

emitting diode (LED), an infra-red LED or both.

[0074] The method of the medium may further comprise deriving
saturation of peripheral oxygen (SPO2) information of the user from the detected
output light information from both the red LED and the infra-red LED.

[0075] The method of the medium may further comprise correlating the
quality of the detected signal with the amount of.applied pressure; and providing
feedback related to the conjelation to the user using the feedback unit.

- [0076] In accordance with yet another aspect of the present invention,
there is provided an accessory for a personal mobile processing device, the
accessory comprising a pressure assembly configured to detect an amount of
pressure applied to an illumination and detection assembly of the personal

mobile processing device by a surface portion of a user for measurement.

[00771 ~ The pressure assembly may not substantially deform or displace
when in use.
[0078] The accessory may be removably attached to a casing for the

personal mobile processing device.
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illumnation and detection assenblies and a plurality of pressure
assenblies. [0067] The nmethod may further conprise wirelessly comrunicating
bet ween the feedback unit and the illum nation and detection assenbly and
pressure assenbly. [0068] The net hod may further conprise correlating the
quality of the detected signal with the anpunt of applied pressure; and
provi di ng feedback related to the correlation to the user using a feedback
unit; wherein the personal nobile processing device conprises the feedback
unit. [0069] The detected signal may be a photopl et hysnography (PPG signal.
[0070] I n accordance with yet another aspect of the present invention, there
i s provi ded[@78nput efhe AL4aBIXY nedy ube Hﬁtﬁgﬁ@wsﬁgﬁﬁf@?q Herarasings e dhe ons
for instructing a processor of an optical neasurenent device to execute a
met hod for getseasi mgbite ptogessinggewiae. si gnal using the optical measurenent
device, the nethod conprising illumnating a surface portion of a user for
nmeasur enent [Foggd] det ecThégetsbaasmibbiledrazessiag ldesicednayibp whelsefddted from sai d
surface portlon of the user as a signal using an illum nation and detection

assenbl y; ﬁFdiﬁ)t b&%léi‘ﬁ agfo4 Mhotillfe. PHEHRS W SmARBhbRS ®Ypetdihali fdital @stiBrint
illum nation and det ec ion assenbly using a pressure detection assenbly;

wherein the %ané%m%neo ?c%syé#es%?%ggﬁr@%@afaﬁbh&be& BRGAYapREd as

f eedback |n orndtion to e user um nati1 on and detection

por tabl & aelioBTand APELGH SPefiR ey gd*ﬁ%éﬁ?%*tfb“&?@ﬁeﬁe& 198 1f o3 tﬁﬁ@' )
[0072] The Iotrl'l%S éjsrc?lpfi gr? \?vhlchyfoﬂa\xs a(\)ntd i?lup?asr% wﬂlttlmealapgareni m the d%sctp ptlon or

may be learned by practice of the invention. Aspects of the invention may be

realized and attained by means of the elements and combinations of various
elements and aspects particularly pointed out in the following detailed description
and the appended claims.

[0082] it is to be undefstood that both the foregoing and the following
descriptions are exemplary and explanatory only and are not intended to limit the

. claimed invention or application thereof in any manner whatsoever.

BRIEF DESCRIPTION OF THE DRAWINGS

[0083] The accompanying drawings, which are incorporated in and
constitute a part of this specification, exemplify the embodiments of the present
inventidn and, together with the description, serve to explain and illustrate
principles of the invention. Specifically:

[0084] FIG. 1 is an illustration of a photoplethysmograph (PPG) and the

components thereof, as is conventional in the art;
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when in use. [0073] The illum nation and detection assenbly may conprise a
red light emtting diode (LED), an infra-red LED or both. [0074] The net hod
of the medium nmay further conprise deriving saturation of peripheral oxygen
(SP0O2) information of the user fromthe detected output light information
fromboth the red LED and the infra-red LED. [0075] The net hod of the nmedi um
may further conprise correlating the quality of the detected signal with

t he amount of applied pressure; and providing feedback related to the
correlation to the user using the feedback unit. [0076] 1 n accordance with
yet anot her aspect of the present invention, there is provided an accessory

for a personal nobile ocessi devi ce, the accessory conpti si .
pressure ast088ly conﬂ%& BgaR Hﬁ'agf"é‘?:'f oban Aok e&*‘ﬁ%"é@@?@%ﬁg’?ﬁ% ¥o an
iIlum nation and detection assenbly of the personal nobile processing
devi ce by acemwddiosabioithe 8. of a user for neasurenent. [0077] The pressure

assenbly may not substantially deform or displace when in use. [0078] The
accessory nf00863 r enoFihl Yisaan dlwktratiorn ohacassssedtion aftaeblood vessel when a

low external pressure is applied;

[0087] FIG. 4 is an illustration of the cross-section of the blood vessel

when a high external pressure is applied;

[0088] | 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;

[0089] FIG. BA is an illustration of an optical measurement device,

according to an exemplary embodiment;

[0090] FIG. 6B is an exploded view illustration of the optical measurement

device, including an illumination and detection assembly and a pressure
- detection assembly, according to an exemplary embodiment;

[0091] FIGs. 7A and 7B are expanded view illustrations of the illumination

and detection assembly and a pressure detection assembly of the optical

measurement device and a method of use with a human finger, and according to

one exemplary embodiment;

[0092] FIG. 8 illustrates 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;
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personal nobile processing device. [0079] The accessory may be integrally
attached to a casing for the personal nobile processing device. [0080] The
personal nobile processing device may be one selected froma group
consisting of a nobile phone, a smartphone, a personal digital assistant
(PDA), a nobile nusic player, a tablet conputer, a netbook and a | aptop.

[ 0081] Addi ti onal aspects related to the invention will be set forth in part
in the description which follows, and in part will be apparent fromthe
description, or may be | earned by practice of the invention. Aspects of the
i nvention may be realized and attai ned by neans of the el ements and

conbi nat i orf9088] var i duSsel%mant sSRrtlustaie ca deerrackcunibr sychnas m dxprighle i n
the follow ng detail ed description and the appended clains. [0082]It is to
be under st agsli¢ehaith o displdie i eoagedition witid anheptfoal Intedsugemertsdevige aodsa ar e
exenpl ary and explanatory only and are not intended to |limt the - clained

i nventi on OlsA3Nhief@itiodthéRNIBOEctdidmato FRNORIMpABL eaBYdimenBR EF
DESCRI PTI ON OF THE DRAW NGS [ 0083] The acconpanyi ng draw ngs, which are
I ncor por at &@oby and  FiG. 10 illustrates a graphical user interface (GUI) on the display,
including a graphical representation of a PPG signal and a graphical
representation of applied pressure, according to an exemplary embodiment;
[0095] FIG. 11 illustrates a poriable device integrated with an optical
measurement device, according to an exemplary embodiment;
[00%6] FIG. 12 illustrates an optical measurement device integrated with a
touchscreen display of a portable device, according to an exemplary
embodiment; |
[0097] FiGs. 13A and 13B illustrate a portable device connected with an
optical measurement device configured in a landscape orientation and a user’s
- interaction therewith, according to an exemplary embodiment;
[0098] FIGs. 14A and 14B illustrate a portable device integrated with a
plurality of optical measurement devices in a landscape orientation and a user's
interaction therewith, according to an exemplary embodiment;
[0099] FIGs. 15A and 15B illustrate a portable device integrated with a
plurality of optical measurement devices located on a side portion of the portable
device, according to an exemplary embodiment;

[00100] FIGs. 16A and 16B are expanded view illustrations of an alternate

embodiment of a method of using the optical measurement device with the
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constitute a part of this specification, exenplify the enbodi nents of the
present invention and, together with the description, serve to explain and
illustrate principles of the invention. Specifically: [0084]FIG 1 is an
illustration of a photopl et hysnograph (PPG and the conponents thereof, as
I's conventional in the art; [O0085]FIG 2 is an illustration of an AC pul se
waveform of the PPG as is conventional in the art; [0086]FIG 3 is an
illustration of a cross-section of a blood vessel when a | ow external _
pressure is applied; [0087]FIG 4 is an illustration of the cross-section
of the blood vessel when a high external pressure is applied; [0088]FIG 5

R g I S T e e
pressure, exemplary embodiment;
[00101] FIG 17 is a block diagram of the optical measurement device,
according to an exemplary embodiment;
[00102] FIGs 18A, 18B and 18C are graphical illustrations of signals used in
the process of obtaining a direct current {DC) component of the PPG signai,
according to an exemplary embodiment;
[00103] FIG. 19 is an illustration of a sequence of data collection performed
during the process of obtaining the PPG signal, according to an exemplary
embodiment; |
[00104] FIG. 20 is a flow chart illustrating a method of measuring the PPG
signal on the optical measurément device using feedback from the pressure
detection assembly, according to an exemplary embodiment;

. [00105] FIGs. 21A, 21B and 21C 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;

[00106] FIG. 22 is a block diagram of a computer system upon which the
device and methods may be implemented, according to an exemplary
embodiment;

[00107] FIG. 23 is a schematic flowchart illustrating a method for detecting
a physiological signal using an optical measurement device in an example

embodiment; and
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[0089]FIG 6A is an illustration of an optical neasurenent device,
according to an exenplary enbodi nent; [0090]FIG 6B is an expl oded view
illustration of the optical neasurenent device, including an illum nation
and detection assenbly and a pressure - detection assenbly, according to an
exenpl ary enbodi ment; [0091]FIGs. 7A and 7B are expanded view illustrations

of the illum nation and detection assenbly and a pressure detection
assenbly of the optical measurenment device and a nethod of use with a human
finger, and according to one exenplary enbodinment; [0092]FIG 8 illustrates

a graphical conparison of a graph of neasured voltage of a PPG signal, over
tine as it [0810&spondiGt 24 shawh af SHAPIHSH i%&”&'ﬁfﬁnfeﬂﬁsﬁmégg%rg‘“&lﬁer
time; [O093]FIGs. 9A and 98 illustrate a feedback unit, such as a portable
devi ce wi t Wiagrdirs floayimplemeontingcai pieza-hdsedn sepsingaldenises un eaBneXad@plece and
a user's interaction therewith, according to an exenpl ary enbodi nent;

[ 0094] FI G efibddimient.r ates a graphical user interface (GJ) on the display,
[00109] FIG. 25A is a cross-sectional view of a cantilever type optical
measurement device in accordance with another embodiment disclosed herein.

[00110] FIG. 25B is an exploded view of the optical measurement device of

FiG. 25A.

[oo111} FIG. 25C is a simplified view of Fig. 25A showing only the main

components that may be useful for transmittance and sensing of an exerted

force.

[00112] FIG. 25D and FIG. 25E are schematics of an exemplary cantilever

type force application.

[00113] FIG. 25F is a perspective view of the underside of the transparent
. plastic piece and the top portion of the plastic housing of FIG. 25B.

[00114] FIG. 25G is an exploded view of another exemplary embodiment of

the optical measurement device disclosed herein.

[00115] FIG. 25H is a cross-sectional view of an assembled optical

measurement device of FIG. 25A at various levels of stripping to emphasize the

structure of the transparent plastic piece.

[00116] FIG. 251 is a cross-sectional view of an assembled optical

measurement device of FIG. 25G, at various levels of stripping to emphasize the

structure of the opaque or substantially opaque plastic piece.
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I ncl udi ng a graphical representation of a PPG signal and a graphical
representation of applied pressure, according to an exenpl ary enbodi nent;
[0095]FIG 11 illustrates a portable device integrated with an opti cal
measur enent devi ce, according to an exenplary enbodi nent; [0096]FIG 12
il lustrates an optical neasurenent device integrated with a touchscreen
di splay of a portable device, according to an exenplary enbodi nent;
[0097] FIGs. 13A and 13B illustrate a portable device connected with an
optical neasurenent device configured in a | andscape orientation and a
user's - interaction therewith, according to an exenplary enbodi nent;

[ 0098] FI Gs. 14€§ ' ate a portable device integrated with a
plurality PR 'i?% 6%55%’%]#!%% devices in a |l andscape orientation and a
user's interaction therewith, according to an exenplary enbodi ment; .
[ 0099] FI Gs. [Q®KW7And 168 iontigat r Eraaskrgspentapiievichey fde GliibHIdat BNIVERIVE
plurality of optical nmeasurenent devices |ocated on a side portion of the
portabl e dephysiplogicad mgasyrerents andmpthoy ofiségl thensampoe iaesLRbed mareA and
16B are expanded view illustrations of an alternate enbodi nent of a nethod
of using theupphéed, theaevicerampriking Gepressiret datection assembly configured to
detect an amount of pressure applied by a body part of a user to the device
during the optical measurement. When the user applies an appropriate amount
of pressure to the optical measurement device, the resulting signal-to-noise ratio
of the detected optical measurement signal can be increased, and a more
accurate measurement signal can be obtained from the user. An optimal
pressure can be determined in realtime 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 can be provided rea_l-
time feedback indicating whether the amount of pressure being applied by the
. user should be increased, decreased or maintained at the same level. The
optical measurement device can therefore facilitate in providing an optimum
pressure determination customized for each individual user, thereby obtaining a
resulting optimum measurement signal for each user.
[00118] The description herein may be, in certain portions, explicitly or
implicitly described as algorithms and/or functional operations that operate on
data within a computer mémory or an elecironic circuit. These algorithmic
descriptions and/or functional operations are usually used by those skilled in the

information/data processing arts for efficient description. An algorithm is

generally relating to a self-consistent sequence of steps leading to a desired
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human finger to detect the blood pressure of the human, according to one
exenpl ary embodi ment; [00101]FIG 17 is a block diagramof the optical
measur enent devi ce, according to an exenplary enbodi ment; [00102] FI Gs 18A,
18B and 18C are graphical illustrations of signals used in the process of
obtaining a direct current (DC) conponent of the PPG signal, according to
an exenpl ary enbodi ment; [00103]FIG 19 is an illustration of a sequence of
data col | ection performed during the process of obtaining the PPG signal,
according to an exenplary enbodiment; [00104]FIG 20 is a flow chart
illustrating a nethod of measuring the PPG signal on the optical )
measur enentresidyi Ehe L@paihmiedtiers cenoifciuse physiselr BamiRURliansnOh AEWRIERY
according to an exenplary enbodiment; . [00105] FI Gs. 21A, 218 and 21C are
gr aphi cal rppntties tsaich@sseleétricliemagnetic or optical signals capable of being stored,
transmitted, transferred, combined, compared, and otherwise manipuiated.
[00119] Further, unless specifically stated otherwise, and would ordinarily
be apparent from the following, a person skilled in the art will appreciate that
throughout the present specification, discussions utilizing terms such as
“scanning”, “calculating”, “determining”, ‘replacing’, “generating”, “initializing”,
“outputting”, and the like, refer to action and processes of a instructing
processor/computer system, or similar electronic circuit/device/component, that
manipulates/processes and transforms data represented as physical quantities
within the described system into other data similarly representéd as physical
quantities within the system or other information storage, transmission or display
devices etc.
- [00120] The description also discloses relevant device/apparatus for
performing the steps of the described methods. Such apparatus may be
specifically constructed for the purposes of the methods, or may comprise a
general purpose computer/processor or other device selectively activated or
reconfigured by a computer program stored in a storage member. The algorithms
and displays described herein are not inherently related to any particular
computer or other apparatus. t is understood that general purpose
devices/machines may be used in accordance with the teachings herein.

Alternatively, the construction of a specialized device/apparatus to perform the

method steps may be desired.
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correl ati on between a PPG waveform and an applied pressure, as would be
used in the nmethod of neasuring an optimal PPG signal, according to an
exenpl ary enbodi nent; [00106]FIG 22 is a block diagram of a conputer
syst em upon whi ch the device and net hods may be inplenmented, according to
an exenpl ary enbodi nent; [00107]FIG 23 is a schematic fl owhart
illustrating a nethod for detecting a physiol ogical signal using an optlcal
measur enent device in an exanpl e enbodi nent; and [00108]FI G 24 shows a
simplified exenplary representative circuit diagramfor inplenmenting a

pi ezo- based sensing device in an exanpl e enbodi nent. [00109] FI G 25A is a

ccor dance. (R 1Enat hir addifiami hirao bER & ﬁhﬁgﬁepf%t?frﬁé%%eﬁ%i & 58%e. an
expl oded view of the optical neasurenent device of FIG 25A

a computer program, in that it would be clear that the steps of the methods
described herein may be put into effect by computer code. it will be apprecigted
that a large variety of programming languages and coding can be used to
implement the teachings of the description herein. Moreover, the computer
program if applicable is not limited to any particular control flow and can use
different control flows without departing from the scope of the invention.
[00122] Furthermore, one or more of the steps of the computer program if
applicable may be performed in parallel and/or sequentiaily. Such a computer
program if applicable may be stored on any computer readable medium. The
computer readable medium may include storage devices such as magnetic or
optical disks, memory chips, or other storage devices suitable for interfacing with
a suitable reader/general purpose computer. The computer readable medium

- may even inciude a wired medium such as exemplified in the Internet system, or
wireless medium such as exemplified in bluetooth technology. The computer
program when-loaded and executed on a suitable reader effectively results in an
apparatus that can implement the steps of the described methods.
[00123] The example embodiments may also be implemented as hardware
modules. A module is a functional hardware unit designed for use with other
components or modules. For example, a module may be implemented using

digital or discrete electronic components, or it can form a portion of an entire

electronic circuit such as an Application Specific Integrated Circuit (ASIC). A
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[00111]FIG 25Cis a sinplified view of Fig. 25A showing only the main
conponents that nmay be useful for transmttance and sensing of an exerted
force. [00112]FIG 25D and FIG 25E are schematics of an exenpl ary
cantilever type force application. [00113]FIG 25F is a perspective view of
the underside of the transparent . plastic piece and the top portion of the
pl astic housing of FIG 25B. [00114]FIG 25Gis an expl oded view of another
exenpl ary enbodi nent of the optical neasurenent device disclosed herein.
[00115]FIG 25H is a cross-sectional view of an assenbl ed opti cal
measur enent device_of FIG 25A at various |levels of stripping to enphasize
plimepiss Cpg ajpo

the struct up@¥ser skijed dn Hiespamdlungemsdand that theexampleigmp
cross-sectional view of an assenbl ed optical neasurenent device of FIG
25G, at varbeimplemeetes as a sombipstiog of haedwireandsaftwareeditles.e of t he
opaque or substantially opaque plastic piece.
[00124] In the following detailed description, reference will be made to the
accompanying drawings. The aforementioned accompanying drawings show by
way of illustration and not by way of limitation, specific embodiments and
imptemeﬁtations consistent with principles of the present invention. These
implementations are described in sufficient detail to enable those skilled in the art
to practice the invention, and it is to be understood that other implementations
may be utilized and that structural changes and/or substitutions of various
elements may be made without departing from the scope and spirit of present
invention. The following detailed description is, therefore, not to be construed in
a limited sense. Additionally, the various embodiments of the invention as
described may be implemented in the form of software running on a general
. purpose computer, in the form of a specialized hardware, or combination of
software and hardware.
{00125] In the following description, it will be appreciated that the optical
measurement device described can be, but is not limited to, a reflectance-based
measurement device. in some example embodiments, saturation of peripheral
oxygen (SPO2) information of a user is derivable from detected output light
information from both a red LED and an infra-red LED. In some example

embodiments, the measurement device can function as an accessory to a

personal mobile processing device.
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DETAI LED DESCRI PTI ON [ 00117] An optical measurenent device for obtaining
non-i nvasi ve physi ol ogi cal neasurenents and nethod of using the sane is
described nore fully herein, the device conprising a pressure detection
assenbly configured to detect an anount of pressure applied by a body part
of a user to the device during the optical neasurenent. \Wen the user
applies an appropriate anount of pressure to the optical neasurenent
device, the resulting signal-to-noise ratio of the detected optical

measur enent signal can be increased, and a nore accurate neasurenent signa
can be obtained fromthe user. An optimal pressure can be determned in

real -time by anal yzi he detected optical .nmeasurenment, .signal —_
correl ating 091R§Lh s?fgd-l‘rh?@rt B i‘i@cf'aﬁ?%%ﬁfﬁ‘?’i @ﬁ%gfmt@tsﬁgﬁgﬁdmé?%me{s
correspondi ng apEIri ed pressure. The user can he pr ,vi,dgd rea‘a-tir}E ffedback
i ndi cati ng weanhty beretesmretas inoa bsead sghee BaAY r@bﬁmﬂs tgyvisiple light onpy.
shoul d be increased, decreased or maintained at the sane |evel. The optical
neasur enent Theweroe lightl ashesed bersin gan indude Hub iprebiraitedtan -t light fays,
pressure determ nation custom zed for each individual user, thereby

obt ai ni ng ayissalightrayspiltraviokttigit wagsrand infiagresl lighbraysach user. [00118] The
description herein may be, in certain portions, explicitly or inplicitly

descri bed agpakgeri t hpRs 3HOFIG. Unakd providedPr briaflyndeschibt coptpdientof dat a
within a cohputer nmenory or an electronic circuit. These algorithmc

descripti Onﬁﬁg‘?ﬁ@ﬁg“”%b@”aﬁ ORGEF4teONSaar §raphitdll | Yrapraskritatidrnosst ski | | ed

in the infor ta processing arts for éefficient description. An

al gorithmi s, gener.al | i t fq S| > ;

eading o BB riodiEbf PPl siarfbi3Bb; WhRSH EheraABE Mgt ifbiRe
mani pul ations of physical _quantities ch .as.elgctrical ti A
optical si gﬁ‘é’l“@oeg?ébﬁg %@ %FH@"%?OW@Z?“? rtgrsllgﬁi? s@&)tﬁﬁ} %g@@p ﬁ\eh,ﬁlsgﬁle
conbi ned, conpared, and ot herw se nani pul ated. [ 19] Furth nl ess
speci fi cal | grictiaj Rlaodvelumg 406; and QABQD BO'BPBPW&P& cgéseé{)bgﬁlé%ta%pp °Phe
following, a person skilled in the art will appreciate that throughout the
present spepidducedimnnortputsatils amerialthleed . tvenas Hlrad aad czpillan( higod
“cal cul ating", "determ ning", "replacing”, "generating", "initializing",
"out put ti ng108 zavet tideaiel absorpiicaf £10.t 0 acti on and processes of a instructing

processor/conputer system or simlar electronic circuit/devicel/conponent,

that mani pul@d1e®]pr oCREERS. AN ¢this D ompanena 1A 2r ispsupeeintpabedsontbya ilarge
gquantities within the described systeminto other data simlarly

repr esent ed og§sifhy StdrAporfBA (04 tHRs réjatdy o tetisstidseand ito ahdaaverageoblomidi on
storage, transmi ssion or display devices etc. - [00120] The description al so
di scl oses rgLeKANTHEVHE CLSRPER&TUFod Yaries slowly due to respiration, vasomotor
activity and vasoconstrictor waves. With suitable electronic filtering and
amplification, both the AC component 102 and DC component 104 can be
extracted for subseguent pulse wave analysis.
[00129] Two significant characteristics of the PPG AC pulse waveform 102
have been described and are illustrated in FIG. 2, where the appearance of the
pulse waveform was defined as two phases: a first anacrotic phase 112 being the
rising edge of the pulse, and a second catacrotic phase 114 being the faliing

edge of the pulse. The first phase 112 is primarily concerned with systole, while

the second phase 114 represents diastole and wave reflections 116 from the
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perform ng the steps of the described nethods. Such apparatus nmay be
specifically constructed for the purposes of the nmethods, or may conprise a
general purpose conputer/processor or other device selectively activated or
reconfigured by a conputer programstored in a storage nmenber. The

al gorithns and displays described herein are not inherently related to any
particul ar conputer or other apparatus. It is understood that general

pur pose devi ces/ machi nes nmay be used in accordance with the teachings
herein. Alternatively, the construction of a specialized device/apparatus
to performthe nethod steps may be desired. [OOlZl%In addition, it is
subni tted tpesiphene Aldisetipnetsh H&is psyallvcsaarn, inc Bigepecod- GRRGIUC Mas§r am
inthat it would be clear that the steps of the nethods described herein
may be put {414 of subfents witly healtppcanpliardantereswi || be appreciated that a

| arge variety of programm ng | anguages and codi ng can be used to inpl enent
the teachi npe196] t he AdegistissetiotheharciisitionVof e physioldgieal sgnalireprepentiigam i f
applicableis not limted to any particular control flow and can use

di f f er ent fi whibhieuss dersghhne theopbdheneaghethel usdiofioptieal i on.
[ 00122] Fu%%@%ﬁ%‘?éhq}oﬁ%e or nore of ?he st eps ofiht he gorrput er programif

appl i cabl e rggg%ﬁ]sr@%{ OB 85 P2 AEkGcpSBErsRACPS) ol bitaifig ortcal

conput er pr appl i1 cabl e may S n any conputer readable

di h dabl ' ay.: | el j
magnet c orPa PeaREdDBRETY nesrye AHAEdiA] o EEe e FOSE O e Uil 5
f i nterfaci i th j tabl der/ I T
comput o+ GHIENPOVHER L BPS P aSVER- | 1Y BLSSLs, b BReRe ATy aodfoc

exenplified in the Internet system or wreless mediumsuch as exenplified
in bl uet oot@d@ﬁﬁ@%@%'“ﬁbﬁgmﬂr@' oy pgigedAtidhen | oaded and executed on a
suitabl e reader effectively results in an apparatus that can inplenent the
st eps of tHOOMABLLr i bétbwmtanomg.e#mﬁmwmg£&@ﬁ§v@ @el Prdee LR %0 be
i npl enented as hardware nodul es. A nodule is a functional hardware unit

desi gned f agmals eominiehquline of doenpletested RRG sighal o8l beolovwe x 19| examplemnati| e
may be inplenented using digital or discrete electronic conponents, or it
can form a ipgsttdted iwh @bsEBbiiich 6f @aloahvessd! 1300i in RIGC!S, drs tlae edept ofcan i on
Specific Integrated Circuit (ASIC). A person skilled in the art wll

under st and ihgﬁ‘ﬁ'lciteh?eﬁé‘fﬁaﬁ’ lof eRfEMRAl R s eampaladtddntdrival an@mdlgrlessura at
conbi nation of hardware and software nodul es. [00124]In the follow ng

detai | ed degGrbndicahent SHE" R ndl interRl PRASURD id 6o A6gOBPEBIAIMG. Bropek ngs.
The af or emeht ' oned acconpanyl ng draw ngs show by way of illustration and
not by way of limtation i a | e i
consi stent W?ﬁ“fﬁm 1%%@%?5%%%@5@%%2%?%@%% i@g‘ni.h%esew?répél igﬁnilﬁ%tg?i ons
are described in syfficienf detail to,enab S il i to
practice th'@dFllﬁ\réniheoﬁ?p'%ho'? ¥?°9 Wgcﬂfxﬁﬁ{hglrftgij%oga'f%gtthgt Ieéérh 486sef3bo
i npl ementations may be utilized and that st tyral changes and/or ..
substi tuti oﬁ@sbﬁfoﬁfiﬂ%’t@t dhe faeasUrgment Sitgy W%%%Jf‘ed% U5 PPBISY: he
scope and spirit of present invention. The foll ow ng detailed descr,i[?ti on
i's, theref orespltingtintresistancernftregularibioed flow andjgersiating ghayved i sj9Malhe
vari ous enbodi ments of the invention as described may be inplenmented in the
form of sof gatar elf then ektegnairpressenads dbo mmalbertasohight #he reactipRepressuredt a
speci al i zed hardware, or conbination of software and hardware.

the wall of the blood vessel 300 is low, and thus a small PPG signal will be

observed. FIG.5is 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.
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[00125]In the follow ng description, it will be appreciated that the

opti cal neasurenent device described can be, but is not limted to, a

refl ect ance- based neasurenent device. In sone exanpl e enbodi nents,
saturation of peripheral oxygen (SP02) information of a user is derivable
fromdetected output light information fromboth a red LED and an infra-red
LED. In sone exanple enbodi nents, the neasurenent device can function as an
accessory to a personal nobile processing device. [00126]Further, in the
description herein, the term"light" as used herein is nmeant to be '
interpreted in a broad sense and is not limted to visible light only. The

term"light" as used herein can jnclude, .but is not |injt .0, X- | i ght
rays, Vi si bH@VWeiVSHtWPQQSt?'euF‘P&?\# HIeFsufe JArrepssR rbﬁ{an{jﬁ rcgeﬁai@ R‘fﬁa}'{]?}‘?ays.
[00127]FIG 1 and FIG 2 are provided to briefly describe conponents of a
PPG si gnal . ampltifudei dacreasestagain agrAioMmiaIrapgplesent ati on of a

phot opl et hysnograph (PPG signal 100, which can generally be divided into
two conponel[d32hn ACTcabpaineatstrodg BBE signahdhabedeipal pressure isjeuid ke

pul satile arterial blood volune 106; and a DC conmponent 104 caused by the

absor pti on gyffigieaedo hyiinimizeptthnsthitat pressaureasudd thad thei exdernatppessuseded and
capillary blood 108, and tissue absorption 110. [00128]In FIG 1, this AC

conponent 1@ﬁué15tpStH@%tiefﬁmﬁéiss@:?é.o Farther liestiatediin PIGC 61ip anange 504 witkih
relates to the tissues and to the average bl ood volunme. This DC conmponent

104 vari es (F:ain%r‘%’{ B vﬂ‘r&ﬁett@ﬁ ,[aﬁr'ﬁ@ftﬁc?é ' Plhe ME hallis @ its \pelk. aNthin this range

vasoconstri waves. urtable electronic filtering and

extract od 1 BpsahsREUaRY ufieditastie e mAntaREa A BARACE With 8 Tnkfnal
O o oG ek, B bG8 o 05 RSP e, LA,
he pul so. HATSRUG coRESWE: 469 GHleab iRl &8s unlopRgd (aid Fof FGeBcll 61 the.
pul se. The first phase 112 is primarily concerned wth systole, while the
second phaseharnge riesiza enConseauandlye thé dlopd rolume swithipniie] agefigs Att the
measured region will not change and can be accurately measured to provide a
good quality PPG signal.
[00133] In an exemplary embodiment, the pressure assembly assists.in
- achieving and maintainingan optimal pressure for obtaining an optimum PPG
signal over an extended period of time. Preferably, by providing real-time,
instantaneous feedback to a user being measured, the user can be able to
instantly adjust the amount of pressure being applied to the device in order to
obtain an optimum PPG signal. However, the optimum pressure may not only be
a result of a state of zero transmural pressure, but may also result from the
effects of absorption and ‘scattering paths of light as light travels in and out of a
portion of tissue of a user being measured. For example, where the pressure is

too low, a light source may not be able to penetrate the tissue surrounding the

blood vessel which is being measured. Therefore, light may not travel in and out
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periphery. A dicrotic notch 118 is usually seen in the second catacrotic
phase 114 of subjects with healthy conpliant arteries. [00130] As di scussed,
the acquisition of a physiological signal representing a change in the

vol une of an organ in the body through the use of optical nmeasurenent is
known as a photopl et hysnograph (PPG . Obtaining optical PPG signals
typically requires application of external pressure on the body surface

whi ch is being neasured. The pressure correlates to obtaining a good
quality PPG signal with a high signal to noise ratio. [00131] However, the
external |l y-applied pressure cannot be too large or too small, or the

qual i ty of afiipe diegecelfertively ariogighl fonk doogd” Pawgigned to bragteeed a8/here the r at ed
in a cross section of a blood vessel 300 in FIG 3, in the event of an

i nsuf fi ci ergresyeetis too higheligrermay beabsertesi cosgeiteest such thaé thebmauntof al
pressure at a neasurenent site 302, the internal pressure is too lowto

obtain a prghetetecfRABURAIIRAERt t8/0BtdieW dUYd BPGNadsalar e obtained. On the
contrary, as illustrated in FIG 4, the application of too nuch external

force causqpofgg bl ogg o\h%séﬁérﬁ]&Q% éﬁub@e]nﬁ’&ﬁ! it dedite 8y BBASUNCHROIdIN ¢ ©

302 where t'he pressure 1s applied, resulting in resistance of regular” bl ood
fl ow and gen I - PPG..S] el . is too
sral | or £ oBonpan © fe BRI G n H R v i SR PGB BRI e
300 is low, and thus a smal] PPG signal wll|l be observed. FI IS a

r apht cal PP JRHGHPTesRuET O e ot ATiRunE(sh PSR bt esptast 1 the uer ,
conparison with an anount of applied external pressure. Wth a | qw applied
pressure i Ma¥kGevigualigraugdiany tnuthe fogp ¢fa vispa g'ﬁB'l"i‘Miq{gﬁ'ig't?'%\ﬁ.ouﬁgs't

applied pressure is increased, in range B, the anplitude also increases.
However, wheay macticulary kel apdisplonrad thedealdiree RIS signas beia eantuisst by the he
anpl i tude decreases again, as shown in range C. [00132] To obtain a strong
PPG si gnal ,deviee. eThe feedbaukenay @iscshe @l thobe suplifiedi display imdicating wiether
transmural pressure such that the external pressure is equal to the
internal priaesusee shbukdtake actibuiso firedredse br FédiiceSthesamoumtnafepréSstrai Bieing
range B where the anplitude of the PPG signal is at its peak. Wthin this

range 504, adpiieytsinabbyic&nRldrdthdtpaisotidens the fdaiibask eaiishe imkdoradfwi t h
the internal '‘arterial pressure, thus resulting in a state of zero

transmural t%&ﬁlésfé(aeba&&, \ﬁﬁér_@inlt fRN8BUES prBEESSEY. 4 Bfalr ViBfdtiBh WRbA Shér €

unl oaded and the arteries w not change 1 n siZe. Consequently, the bl ood

vol une wit hj I; : ed region will not change and can .
be accurat eﬁ})ﬁen@jg%%ée@ t‘%gtp%%@ﬁugae%@%' quality PPG signal. [00133]1n an
exenpl ary p{rent , _the pressure. assenbly.assists i [ evi

mai nt ai ni nS@ﬁSﬁM ﬁ%@lgﬁ’r%mEB& E{Hﬁ?%@be&ﬁh%ﬁq %nggpg%aﬁg@%r an
extended period of tine. Preferably, by providing real-tine,  instantaneous
feedback | A8 Mgiodbenrpiaehaypantine aloa8LE RaiFe RS & peioaSiail Py AR, ust
the anount of pressure being applied to the device in order to_obtain an
opt i num PPdllgminaded repippval a mBaseing silth 9 aslefye paByofndtussH yEXE™MRIaNsul t
of a state of zero transnural pressure, but may also result fromthe

ef fects of embodimérds alodrovidetfer detgciieg the optidal ¢grponse forgpad by hot kghtn and
out of a portion of tissue of a user being neasured. For exanple, where the
pressur e i srefleoteddvomané nadasusing site amdythe dighbieardrhittet! dhipagkithamedsiengi ssue
surroundi ng the bl ood vessel which is being neasured. Therefore, |ight may

not travel &jfs anekéiplary 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.

[00136] In an additional exemplary embodiment, the device may perform a

series of calibration steps for each individual user in order to determine an
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of the finger effectively enough for a good PPG signal to be detected.
Where the pressure is too high, |ight nay be absorbed or scattered such
that the anount of |ight detected is insufficient to obtain a good PPG
signal. [00134]1n one exenplary enbodi nent, the device may assist in
provi di ng feedback to the user indicating whether the user is applying

i nsufficient pressure, too much pressure or the correct anmount of pressure.
The feedback to the user may be visual or auditory in the formof a visual
di splay or audi bl e sounds, and may particularly be a display of the

real -ti me PPG signal being captured by the device. The feedback may al so be

a nore sinplified display indicating whether .the user shoul d t cticon to
i ncrease or OPWALERE rapge Lfoarmssyre 6‘?‘2?@8&e'n(aaﬁ'%?'apaﬁieeﬁ‘%??%g?ﬁ%&ceé.f I'n
anot her enbodi ment, the feedback may be in the formof tactile feedb}a]ck,
wher ei n t hecaivriog the B signal will thebrige the redetesningseptimemgpoe &§ the

pressure is at an optinumrange. - [00135] Exenpl ary enbodi nents descri bed
her ei n seekbenchmank fdeobtaiténg ae cptichume PR&Isigapabl e of augnenting signal to
noi se ratio in an optical signal of an illum nated region at a neasuring

site of a bpdpepiyetOvéndewser. Exenpl ary enbodi ments al so provide for
detecting thée optical response forned by both light reflected fromthe

measuri ng sm)(gl i d thedi g st térd HMISH Idhbotment i 6fg asi bptical

Exenpl ary e nts described herein utilize redirecting reflections of

light on i tmé’i&%{%@é‘@{&&f%ggtgﬁ#ﬂ@% liStrtes &n Stk GewThe Rptkalt O

the region an additional exenplary enbodi nent, the
device may performa ' ' {i T ATe IV I

i or der 1 o PRAErRRL SevicE,Bqy SbalEL VA et 5T SR IRRaRUE anit> e
pr edet or m naRtesP RERPPBNGROS and RessriR Asrceoy asssri BRE AR slietiners
signal. I. Device Overview [[_00137 FIG 6Aill u%tlr%bgs ope exeng)ld’:\ré/ .
enbodi nent &ftGa®Aeghe digmination an detection assembly and pressure detection

assembly 604 may be integrated as a single, compact optical measurement
device 600 surrounded by a housing 601 for portable use. In the'exptoded view
in FIG. 6B, the housing 601 is shown divided into a top casing 603 and a base
casing 605, with the illumination and detection assembly 602 and pressure
- detection assembly 604 enclosed therein. The integration of the pressure
detection assembly 604 with the illumination and detection assembly 602
provides a simple, comfortable interaction for the user. in one embodiment, the
pressure detection assembly 602 comprises non-movable parts such that the
pressure detection assembly 602 does not employ spring/elastic force and does
not substantially deform or displace when in use. That is, when an external
pressure or force is applied by the user to the pressure detection assembly, the
préssure detection assembly does not substantially deform or disblace. The use
of a pressure detection assembly 604 in cooperation with e.g. an external

feedback unit can provide real-time feedback to the user that improves the
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measur enent device 600, and FIG 66 illustrates an expl oded view of the

opti cal neasurenent device 600, showi ng the arrangenent of an illum nation
and detection assenbly 602 and a pressure detection assenbly 604. As
illustrated in FIG 6A, the illum nation and detection assenbly 602 ahd

pressure detection assenbly 604 may be integrated as a single, conpact

opti cal neasurenent device 600 surrounded by a housing 601 for portable
use. In the exploded viewin FIG 66, the housing 601 is shown divided into
a top casing 603 and a base casing 605, with the illum nation and detection
assenbly 602 and pressure - detection assenbly 604 encl osed therein. The

i nt egr at i omutity, e gmplitade e ofl thee cedeivedaBBETBIgNaB04 Thet dptidae meadsuremaed on
and detection assenbly 602 provides a sinple, confortable interaction for

t he user. |dgeviceeBiriodoniitted Mtk apfcedbackeudic 606t(Eea FASsBAR I whit) Pecaivasr | ses
non- novabl e parts such that the pressure detection assenbly 602 does not
enpl oy sprigg/ ﬁb@sklgﬁafsoéﬁg [rads feemelSlirerithes Ffinh athbYoptRha meiurémenl ace
when in use. That 1S5, when an external pressure or force is applied by the

S0 1o, DR AU BB, o Lo G Srpa

does not sd%stan orm or a pressure detection

assenbly 604 .in co ration. wth . n A ovi de
oal 1 e 1eipB PR Areorial. dndn®, sfPodtieitne IEEBARE nitTbde €30 0" O
the received PPG signals, The tical .measurenent .devi 0 i.s connect ed
W th o f eoghavIod 1Page Saw HRcopba) Taamicompar Pvce KUR PpAReTBRUTS and
pressure neasurenments fromthe optical neasurenent device 600, an rovi des
f eedback t canthdetgstion asspinbly 892imay hadelerregito fsaa ERG sersdfgang dudgs a
Accordingly, in this enbodi nent, the feedback unit 606 can be provided
separ at el y lightrsource 6Q8 iand| a miurslity exfdight deteictars i@ mee FIG.uhi)nhies thend
detection assenbly 602 may be referred to as a PPG sensor, and includes a

| i ght sour ckghtOSowrnd 80®| prophiatesofighti dgirbuglet acportion6dd lbme tiisGe av)a
where the |ight source 608 propagates light through a portion of Iiving
tissue at amaBaclehRINERitedftL usér. a THE Bight dbfectdrgl8100tHemctetest FiH) wiiel islet ect
light which is transmtted through the portion of living tissue of the user

or whi ch istﬁ%@g{ﬂiﬁ%&@ﬁrofuﬁﬂ%é%rﬁ% tdk H0ingf tidshii GTothbi e @orakhich8s Wemsotéd one

exenplary e ment, the pressure detecCtion assenbly 604 is a pressure

sensor thal q SR HE' Sorlitht TR tiégue%ﬁ@%%@erﬁHaénef@)%erhg%%gmddﬁﬁew tRe DOy

part of the User, 'Suc I nger. € pressure sens be a thin film

flexible printed circuit, s . DI - [ &L i ng
devi co uhor BByoire Apdl pS iR 50 SR TR BHndl; MafAReER dbiaindier
proportional to a ch e in force l.ied on t sensi ng,device. | n.sone
exanpl e eanr(ﬁsﬁ'érﬁt@?taﬂ"g%bE?? @rptieq 53'?% l?ﬂdgr‘@-rtef’ et ‘fi‘%gﬁ'n?ﬁfEr\/Eﬁe
strip. Nevertheless, any other force neasurin9 devi ce that is capabl e,of
sensi ng an BASSPHESATSRT MY PR AdBINY HRkle Sintest SFeiasioh a8 LPIEreDasee
sensor conprises non-novable parts, does not enploy spring/elastic force
and does noor pigzetasistival $gnsing dexicer waerepy ot desigtancenchange semedsby (the
certain enbodi nents, the pressure detection assenbly of the optical
measur ement cigiuiting és irerselypropertienalatet al ehengenimaforce applied arothe Sensing
transmtting nmenber for transmtting an exerted force by a cantil ever
moment to tQJevikeriaasdniciBgainbld emboBieits, theicantis bevipro-eizahe-rmaghdrical
beam | i ke structure supported by at |east one fulcrum In one enbodi nent,

when in !JSE(MEIO'%JSM;EF N&éﬁhab&%ﬁ%tﬁér foR& MAsOfing Aevieeanat ik kapablewstt ur e.
The cantil ever ans may al so conprise a mating neans that is capable of

Ci i th . . |
L e s BN e bl RO ¥yl ORS00 1 il e

measur enment ng neans ans nmay pbe any

physical feature that is capable of matin ith_th .chi of .t he
housi ng so P‘Pl@f’”?%"%’%fmq‘ﬂag Pa'ﬁ%a‘{??SthJi e?'i'é%% ﬁﬁﬁi‘%e/e%%ﬁ'ﬁ?%f%? ﬁg‘aﬁd;oaeg,l .

Li kewi se, the matchi ng neans of the housing may be any physical feature
that is cap&upstactialbngiefonn af dispiase Whan IR¢SFeans of the cantil ever neans to
provi de secure engagenent therewith. In one - enbodi nent, the mating neans
conprises one or nore features selected fromthe group consisting of a
protrusion, projection, abutnent, extension and the |ike, while the

mat chi ng neans conprises one or nore features selected fromthe group
consisting of a hole, slot depression, rgcess, opening, aperture and the
i ke. In another enbodi nent, the matching neans conprises one or nore
features selected fromthe group consisting of a protrusion, projection,
abut ment, extension and the like, while the mati ng neans conprises one or
nore features selected fromthe group consisting of a hole, slot,
depression, recess, opening, aperture and the like. Preferably, both the



encl osure around a space on the base. In other enbodinents, it is also
possible that the circunferential wall conprises one or nore gaps to
disrupt its continuity but nmay nevertheless still be considered to
general ly surround a space on the base. Due to the wall/s extending from
the base, the space on the base that is surrounded by the wall/s may be
deened as a recess or cavity. In sone other cases, the walls nmay be deened
as a built up area around the space on the base. The overhead portion 2508
can have a protrusion 2508c that is conplenentary to this recess or cavity
such that the protrusion of the overhead portion 2508 can be inserted into

the recess ity 2506a mithin . the plasti e ni.e

provi de a ng#%'%?riug of" FPYRE ?Enbpd'lr?e'ﬁ)'l ﬁﬁ%bbpeas ;ﬁ)?eegg ge%'célght%%te%fbﬂ)@éé%e
exenpl ary enbodi nents this conpl enentar ,natiqﬂgstructure na &ghriversed
such that t BetigalceaasusemestdeyiceBIaYSaMriSe e ?%R/'é?ﬁ%%lc‘a@? 3 NGt he
protrusion exists on the force transmtting nenber. [00140] The positioni ng
and the st r trahsmitting merabérdfior dransmiting eni exgriedfpee by acantiisyenAamgntyto
prevents light emtted by the light emtting diode 2502 fromtraveling
directly totiddomeotrademitingrmasi@r. The tantievarr mesnist mayg baeabeeamdikeest ed
on a sensing substrate in the formof force sensor 2518. The force sensor

2518 can begpuerélsaoptitadl by stdelscony fulirash. i oneemibodirhestowben i ase dhe
force and provides the associated electrical signal to the printed circuit

board 2512 gl @E%&éé& 50bn& BRARA RS Bedin-Meestiitiure! Theecdntlever ArRGEr
2518 (not shown in FIG 25A.). Due to its flexibility, the force sensor 2518
[ ble t | ] - he f t 1 Lbd i '

s able to gelOrils! Loiblide "AShARE AR thaNSE! Lapdie TBIMDRALIAG SRRAT b a

force to th conn or 2 The optic measur enent device 2500 al so

conprises a plastic housing.2514 for i t [T IRAYA S
descri bed asgw?erg\?ntpwem@ 4 m[eﬁgg b a&%ﬁél@%’iﬁgt°hg%%§é@r’%@?gg‘§&§§é'
orientation-free neasurenent. surface in the formof a transpar tic
ol o6 2510 The TalEg eSO e bieer megtegroy e aul prySREeairE Bab The
orientation-free nmeasurenment surface in the formof the transparent plastic
i cce 2510 capable df matingiwi the B1atghiac raanis o therousing:se fial Hhe cantigler
portion of the user nust be placed. For exanple, as conpared to a clip or a
cuff, the omiesmsatarofit Snegly withinthedusing: flikawisecthenmatching meansnef ter f ace
portion of the user to be engaged therewith in a particular fashion, so

| ong as t he hgasingInad decany physitalcteatire thahis capabie of imatingr with Aex snativgent
surface is capable of reflecting the emtted waves towards the wave

detector. Apsitehof thBecaptiicwal atdama-formevideaatuenengageméacinerawittajatine of
advant ageously detecting a 2-di mensi onal surface. On the other hand, the

portion of Qg difRent e nalfigchicats Bempraesont BERTreraatuwéesercid flonr a

1

cuff is used, In ordér to ensure sufficient - engagenent with the clip or

the cuff fog.b%g{q%@tn%q%fsé@gfofg %&B%ﬂnpgo%&&w, GbRISR, SadRsiBAantUhé ke,

provi de an prot ect to prevent direct contact and

d he . L d, ph d . d
mal ! par t1 ONUE RPORPIIE P coRBISts, BT O frd Tedfines sBeEERpfib B, T
t hi I nbodi t, t ical t devi. 2500 al

compr | s6s. o EHEPRYSIRELA ey Rt (rmRFERo GABCE COUI.CARTBHEFI "5 16

electrically coupled to the printed circuit board 2512. The data

comuni cat i dkepdn tarmthe iesnbagdiaente e Maleing 1 MeARs cPURPHFESOME §hdPS™] o
and fromthe sensing device 2500. The data conmuni cation port 2516 is al so
capabl e of features seleatgd diost the geiuppeonsisting qf @nprotrupienp praje@iene pbetmentphoar d
2512 and its electrically connected conponents such as the light emtting
di ode 2502 antbrisivh ahdtas ke ovkite REOmMating nieansccamprses A% 81 njd@e fealures use,

t he sensing device 2500 can be connected to a personal
selected from the group consisting of a hole, slot, depression, recess, opening,
aperture and the like. Preferably, both the mating means and matching means

are stepped structures that are complementary to each other. [n other
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nmobi | e processing unit for exanple a nobile phone via the data

communi cation port 2516. The user then places a desired surface to be

detected, for exanple a finger, onto the transparent plastic piece 2510.

Light emtted fromthe light emtting diode 2502 travels through the access

hol e 2508a and towards the finger surface in contact with the transparent

pl astic piece 2510. The emtted light that is reflected fromthe finger

surface passes through access hol e 2508b and towards the phot odet ector

2504. The phot odetector 2504 then transmts an el ectrical signal

representative of the detected reflected |ight to the nobile phone via the

dat a commrﬁfﬂhwlm@nﬁﬁ)rth825§6t’leﬁe‘bdv%ﬁ‘”525ﬁ%ﬁgf?%ﬁ% ohr 56 drger BANS LNt a

communi cation port 2516. At the same tine, the exerted force is

transnmi t t ednember aancheicel wsrsacsdls dmdl boli dwe casiieveromeaans ane therigece

detector 2518. The force detector 2518 then provides an electrical signal

r epr esent attraesnaittingheember formi 4 bingleeumitarg structocar d 2512, The el ectri cal

signal is then transmtted to the nobile phone via the data conmmuni cation

port 2516. [Bbesgpbi | 1N OIBA 18V GRE3Y-BEGtiohab Vs Sl 80camtildvel Otype ogtieal t he

signals received fromthe optical neasurenent device 2500. The nobil e phone

ey al so cqppesRnbrk $RIRATK didbladiel Wt Gbfer LriEIRIMBR! diRkBAMAER. f or ce
the o0 high or low Th

exerted by inger 1s t e user may then adjust the

the.mobi 16 it Rede e ey dfed 2880 EBRARRE: B VY GRRtdy e RFRER T,
258 15 an S SiBng s 7004 nd 8RR AERL I b oS S egeteifted o

conmponents are dismantled and can be clear]y seen. The plastic housing 2514
can be seerdisRosrd ar g sawe hazental P&ﬂ?%@?'@ﬁ‘é‘?\“ﬁ 438 ge‘ﬂﬁ?tb@ﬁ?bﬁ? i on
2514b. The force sensor 2518 senses contact force and provides the

associ at ed @ ¢he shwel subsijatg, which reinotherfoen ofia plinted Kiguid besid 25118, The

el ectrical connectors 2519 at one end of the force sensor 2518. [00144]FI G
25C i s a siwple fanasitter mad/ thé Wave detrtahoweynbe gartyol the taminatmmpdatastient hat
may be useful for the transm ssion and the sensing of an exerted force
through a cagdenhislyemheypebstmie dr. priltedceintuil verd 261 2ciudther campresssr act
novenment of the colum in all direction except one. This can give the

col um bet t gherih %bbkﬂslsﬂﬁdd RSWeéPthe! SED 2502MBhd phblbdRteOS2EMM. Afpte ed
force. [00145] FIG 25D and FIG 25E show schenmatics of an exenpl ary

cantilever {ypenkHE et icbAldiRhg?e PhstiCUIBERBRL pidesS 2508 nlear Bt&hebe be a

- sinplified representation of the transparent plastic piece 2510 toget her

wth the overheRthRfY ik Ul Qo i3 e porP adethnR gl cE F50% shidkag ! O

be a sinpli r'epresen Fon he force transmtting nme of FIG

25B, and Copponent, 2540 can t aken t e i Lfled. rep n i of
the force d %‘dqeibrthﬁﬂ%e%?g Ié%%%?ﬁ%ﬁnh}eo?igﬁ{ %@@pé'@%%ﬁ%%ﬁ%&ﬁ%t
2534 towards Conmponent_ 2536, a_bendi ng mpnent occurs resultjng in

ot or mat | onPEFOBBIRGIN 304 STHS AVGe ARG eawer st B RarkOfie Hessun.
This bending nonent _is transmtted to Conponent 2540 for detection.

[ 00146] FI G assmbly. Bhe everheadinastion R8s pravidatieriargassthe puerallsigidsrent

pl astic piece 2510 and the top portion of the plastic housing 2514a of FIG
25B. As sharea iavaifdbie t25syubstantialyapsgyventdighplexsitted by dbe Q%%Ozﬁﬁarpfﬁpfﬁes
protrusions 2510a that are able to fit into the access hol es 2508a and
2508b of thﬂa@éﬂﬁﬁ?d&dctl;ord inenpR&08etetidr| 250425/ this exedwlarycerabodinentnifie

prevent undesirable [ateral novenment of the transparent plastic piece 2510.
overhead portion 2508 is inserted into the plastic assembly piece such that both
of them fit snuggly with each other. The overhead portion 2508 can aiso be
provided in other forms, shapes and/or orientation so long as it serves to

substantially prevent light emitted by the LED 2502 from travelling directly to the
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[00147]FIG 25G is an exploded view of another exenplary enbodi nent of an
optical neasurenent device 2550 disclosed herein. In this exenplary

enbodi ment, nost of the conponents are simlar to those described in FIG
258. These simlar elenents are |abelled with the sane reference nuneral s
used in FIG 25B but with the inclusion of the prinme synbol '. In this
exenpl ary enbodi nent, the main differences fromthe enbodi nent of FIG 25B
are the conponents 2552 and 2554. Conponent 2552 is a plastic piece that is
opaque or substantially opaque (allows mnimal |ight to pass through) but
has access hol es 2552a to allow light to pass through. Conponent 2554 is an
overhead portion - simlar to the overhead portion 2508 of FIG 28.

However, coppotasietectes2504s Thetemesheadperion rzz‘%%rf@ﬂé?ﬂ a fetaghaplenpertipaihat gnt
to pass through. Further, protrusions 2554a (which are also transparent),
are present ig rttaehad ob thee plastiessssenhidy [HE6CSR2506d AGI8ativenwihe overhead25B.
The protrusion 2554a are able to fit into the access hol es 2552a of the

opaque or sSuBafcH?50E tah BeacentinLless bartf ¢eepRSHE absemblgpieden2568: formeand
prevent undesirable |ateral novenent of the plastic piece 2552. It will be

appr eci at ed ]arglhgt SE’@‘,'? SHRItIBUT afhE Tpihstid WREAAY THiceB 13606 Sdoypadue find

25F. [00148 is a cross-sectional view'of an assenbl ed sensing

devi ce of FlI [ | BRI : [ t

struct ure oPpRENOa,¥aE X Taich: Boft RomEind RGP Sniing RS 2802 (P ravel
transparent piece, 2510 has a,fulc d 2511a t.hat..fl i he
casi ng 2514,dﬁ§8 ¥ 1Q ﬁ?ﬁ pFQE’é’PEﬁC%I%é%%me Pxerﬂﬁﬁgapq%ﬂéﬁ 3§P ?ﬂg%%%/ OB %Qu and
Y coordi nate axes (the Y axis bejng e axis going intq. t e _and. the X
2 < bei ng. Hemekercngoegheac ARTIRD 280K coRPIRES prghrs e ADERE aMPEing e
viewer's perspective) are restricted. The opposite end 2511b is free to
nove downwalight emdtey frem the digbt amitting d@d@g&q@ passihgough apd aseess heleyoi ng
frombottomto top of the page fromthe viewer's perspective). However, the
t ranspar ent 2508befo? Hliowirgs reflecten tight toitpass dbitpugbuton reacht then phptodetaator
surface is wider than its top surface. The casing 2514 is correspondi ngly
di mensi oned 25040Ak :ahite $dem iarfig R6A, thepfosee framsmittng meotber 2608 astaowhole
surface. Therefore, because the |arger bottomsurface is restricted from

movi ng out gfhpbhR (08 & ¥irkas Shapbdedrdsseeetian Mbattbealanthé ewerhead
transparent piece cannot exceed the default position. Wen attenpts are

made 10 MoVe it 2668 gé%@%&a@nﬁw&ﬁéd Rh&pEd SPddd SEMINEP ardd Bravicped

edge at the opposite en engages wth a conpl enentary stepped edge of

casing 2514 diy @' r2°bldhetR Rdflof 2HUE Bhd 188" i difitals> HBhEMMSRH of an

position. T n - preven ansparent piece rom I ng out of
t he casing 251 d can al so,.al |l ow the a | t
pressure, M?é‘?éeazo"&ft"éq ﬁéﬁanp%ygreﬁ\;pg 'Hﬁ'ggﬁgf’gﬁﬂ% gfc{ea\?iﬁweﬁ%g@ ?Enel? n%?,'ﬂe;
resilient nmeans such as a spring can be coupled to the stepped .ed t the
opposi t e en®'P8R38ctional aag gpﬁqaqg 6°i°t°§"95’rsﬁg$ hﬁ?e tch@m“igg?np rgﬁtﬁ %“E%E"aaﬁrser
exerted dowmward force on it is renoved. The resilient nmeans cap al so urge
the stepped esglgbveatwallsy extapeing &oshdhebess sushattad the ovaliss ARy subgtanbiglly
engagenment thereto, when the user exerted force on opposite end is
removed. \Wigerperndigulastdiblbade. Eiom the sidaviemdhe svalls ase spaced aha siptares
plastic piece 2510 (acting as a cantilever) can sit on top of the

comuni cat i Gror@dch26ther. &Fsorshe WireerdifreisioRaHpeispective, 2he ferdeottansmiting a
resilient nmeans such as a spring can be present between the transparent

pl astic pi eGRerRBEP 2506 chith ERTHEM eRbhRRrewid willdtending fionba weerhaving-| G
25H that the transparent plastic piece 2510 is perched at the end of the

communi cati g, ?&%E? %ﬁéé%% ?fcggg%g{lo@%{ dreRlederivkd 4 lft;/\;er Fﬁe%‘i}@u RtrehflalGRa act

wi th the conmuni cation S can possi al l ow sone cl ockw se

2310 when' a ¥ b8 Gob BRI DIV B EFndbrs EepCihee proh PP £ eBdid iy e
bi oo 2510° dverasenpwnRE PraRIeNn eeriABent o0k of HE 28RS Bk i Brétial

sufficient flexural strength to withstand the force exerted by the user
during a PPGvalbsanr bereannularhshapech opaneany [ithelt baps ase long @snthfoHNE Ahave
sufficient - flexural strength and/or elasticity to return it back to its
ori ginal shape/position when the exerted force is renoved. In sone other
exenpl ary enbodi nents, the transparent phgstic piece 2510 may be coupled to
a resilient neans such as a spring which returns the transparent plastic

pi ece 2510 back to its original configuration once the exerted force is
removed. Wth conplenentary mating structures present anong the different
conponents, it will be appreciated that the exenplary sensing device can be



arresting upward novenent fromits predeterm ned position. This can prevent
the plastic piece 2552 fromfalling out of the casing 2514'" and can al so

al l ow the neasurenent of an accurate default pressure, where no externa
force is applied by the user. In certain enbodinents a resilient nmeans such
as a spring can be coupled to the stepped edge at the opposite end 2553b to
return it to its original configuration when a user exerted dowward force
on it is renoved. The resilient neans can al so urge the opposite end 2553b
towards the casing 2514" for engagenent thereto, when the user exerted
force on the opposite end 2553b is renoved. The cantil ever piece 2552
conpri ses @nclasURe AraEsk 2 SPRER PR (ke basesnxphanemrodimenis ibisRled PesYR®an
openi ng 2554b (See Fig. 25G of the overhead transparent piece 2554 and be
i nserted i rhat thecomuhdeEntial wall compsises ocoa\artrgors gapsnior disrupt #s coptivwyenbl y
pi ece 2506 to provide a nore snug or rigid fit. Wen fully assenbl ed, the
ful crum endy@Ghap neleithelesd a8k ive Girsider@d3d demetallygsiasound- a cpate laeviie) can
sit on top of the comunication port 2516', as shown in FIG 251. In

certai n emyadiaMefeStPtnORhls Hte froftfHe BSsa th@Tspate GaNthbehaveemanis
bet ween t he thstlccﬁﬁece 2552 and 1he connunicatioﬁ port 2516'. It can be

en ¢ uni c: v >

and of 't he SufaihedH RSANETRRRREYecRIAtho & RUSES of ead P EsmRngl [ e

[ tact with {.h i cat i t ¢ Thi il

Clockw oo 1Re: U YRR e 624 EHnRe 25 S AL upidfs3 GRS spptaln f =T
| asti [ 2552 wh f N lied at th It . tEk

bl asti o pi depepsbhecaveihPed Rotions 208akan Bowr | o ABUGRIA OB i, can

be substantially flexible but at the sane tine have sufficiFnt fle UQ?
strength t compREeatarytadhisgeeesseqeradly $Heh ihat the protasian,gf theppigrhea
nmeasurenent. The plastic piece 2552 may al so have sufficient flexural
strengt h arpbirtion @588t ¢ari bg insertast inte the reeess evcavity 3996a withinsthepelaptsi ti on
when the exerted force is renoved. In sone other exenplary enbodi nents, the
pl astic pi esssehfdy pieay 2606coypbdde manare srwid orngid fidhwillhecappreciateshihiahg

whi ch returns the plastic piece 2552 back to its original configuration

once the exgrédifle fekepiary sMBBYRMBNIINIHIS copmémentErpmyating stnactater oayubes
present anong the different conponents, it will be appreciated that the

exenpl ary sgRsidag SR Fat GRN rdiRs6 3% i davitp hod1Bkie’ P tcobverhesd Porticndnagt abl e

assenbly which arrests undesired novenent. This can allow the sensing

devi ce {0 NuaBuliliah ekR¥Chn Ml RFESHBRIRMinGfoMiRAY and consistency by

reduci ng t he nunber o nown or var e paraneters present (for e.g.

comt emont 20 8l ng G4 Herlp Bte,alf feTEARREE os el e R R er "C.
el acenent 2396 SHESPRR BIEENRo R RE o B VER Tang ffing i ebg iR ©

appreci ated that the exenplary sensing device with its indjvidual .

conpl enent alrgvelingi digedlyr octhe Bgo@gﬁte&g)’a%é{ﬁreﬂ‘? ﬁ?f&eatf%'?ﬁ?fhﬂgt MeOREL ISt or
easi er assenbly and di sassenbly. [00150]Wile in the above description, the
measur ement rested aua gausinghsekatrate imtherfers i ferice sanget 2818 tacfosse aensFaque
pl astic piece), the overhead portion and the force transmtting nenber
appear to bp5t®sanibeeprovidesiean adtexibe ppiotexhtiscuit they senges poslastfosemeatinent s
be taken to be parts of a single overall functional conponent that achieves
the cantil eyrjvideshetassoentet brecaral sighukbtd the. prited efrovie board 28t via the
enbodi nents, the plastic piece, the overhead portion and the force

Lransm t Ui ngieRREAP oHRYctER b GhbVénd of AhénfBrael SensbrLZB I8Nt Sétiova i EIGWAI ch
as a whole, nay be considered to a cantilever structure. [00151]1In

Bl on o 28R Plie8s"REIAS (e s S0 JaABlis e HRUErOR) dilgRfly When

conprise a ments, a wave emtier nay conpri

plurality of LEDs at |east one being a.red LED, a n i i -red
LED. [001521% fegtrapRAing g\emﬂqrffiagaﬂ&%&{ﬂf%ﬂf’ ﬁ%p’ﬁ%%é?%’?i&&@n%‘}?irycﬁﬁ‘te

di agram . , . .
optical measurement device 2500 aiso comprises a plastic housing 2514 for

31



for inplenenting a piezo-based sensing device 2400 di scl osed herein, in an
exanpl e enbodinent. V represents a voltneter, and Rl, R2 and R3 represent a
plurality of electrical resistors. Conmponent 2402 represents a piezo-based
material (e.g. piezoelectric or piezoresistive) which can be depicted as
one or nore electric resistors, one or nore 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 Conponent 2402
can be interchanged with any one of Rl, R2 and R3 or vice versa if desired.
Rl, R2, R3 and Conponent 2402 are connected in a \Weatstone bridge
conflguratlon The bridge configuration shown in FIG 24 is

quar t er - br i teesiagthe dudividuahcompoaentredasssbed rabgusi Abdne o Of)lth‘%l@éuﬁ'&ﬁ al so
be operated in a half or full form that is, with one or nore conponents
sinilar to P8thcthert isyHogidedsnaaieniation-tree Ricaszemeatt KBTacesipdbe iforn Qf ane
or nore fixed or variable electrical resistors can al so be added as "dummy"
f orce gaugefahspsrenPhribic P21l forciacelvirly assuafadewmtiodes ithedsef (o be
exanple to negate the effects of tenperature changes. [00153]1n one exanple

wor ki ng '”pH@l'E%Eéoat TRB \M?i%ntétm fRad OgRabirepRAitaklfabd M aHa' f6n of the
configuration shown in 4, R3is set to a value equal to the

;gz: ztchteoRéPm @Etl%%gegcte##b !'Itf)torl’ﬁﬁe ol 'ﬁﬁ%le%?héiﬁ‘éhdhealawﬁ%h' B! e

zero. he other two resistors R an
R2 are set to_.be e al each ot n el n force
applied to %%%Bﬂ#ogﬁghet%gr HHSE&? |§c§<{1j‘%t%@i§|§y9§%‘ﬁﬂu %Wﬁ?ﬁa P s
the voltneter V indicates volts ting zero.force on th
conponent 2208, c‘-\ﬁgﬂﬁ‘ PB?E‘@ |'HSa%‘H6FFe€@ a GRAH redie t%pt@r%ce
resi stance varies, i.e. decreases or increases, respectively, thus
unbal anci ngpﬂﬂ'@ﬂtﬁfltbgéisah@ be enargerhtherewith inea @aﬂmrﬁgsmﬁ“{%'o\'}'&qsr@?er V.
The readi ngs obtained on the voltnmeter can then be correlated to the actual
mechani cal fisercgurigne! inewntact sdtiplbrariertaton-fre@ onesslrementsustacerie capallet i on
assenbly may conprise a mcroel ectronechani cal system (MEMs). In one
enbodi nent , of heflectrgs dhe eraitedt mwaveas kevditly thenpravee slelegbore zAs b thensor
whi ch neasures the force applied to a material by correlating signals based

on physi cal oAastatbn-fleCibaSadement supRCE Yis GapaBlesofoddvantadauiuelyi détedtieg o
nmechani cal stress. Such material can include but is not limted to

crystals, colqiehSionhl SHd0BHiHebmer RiRd ShERdriSRbr Bicodsity taaemacan

i ncl ude but “are not to changes in conductivity, resistivity,

resistance. fRpag!d. AN UndAISLPE QIiFR!Uscl AN8IdE Wenbite SIRGERE

The pi-ezo- based Sensor can roma group consisting of

pi ezoel ectric based i

bi ezocapaci ?p@@%ﬁsaﬁwﬂéﬁé%%% T ffaat iyoldi e Rangharsth piasic Piose o ce
transmttin nber js rested,on the pres sor._gnd transmt

force appli gﬁ%H@F’Et#HnPGr {PrRvide AN AAgY, Qﬁgg"’fy% 9t BRte @msttgn;?reggnts dhrdét

di spl acenent or deformation of the force transmtting

[ 00155] Advaseaigebasd glamage orteeddr2 asdrmiwiodaiactse 'éaﬁvl %JS? ﬁ§f"§| focRfeVant he
optical neasurenment device w thout adversely conprom sing on the overall
conpact ness dusthars) skl paftioles fremsntesing thethousing ekthegeasiigsiavioe. device to
be kept at mnimum for exanple |less than about 1 cmin thickness. In such
enbodi ment s [0044131 e ofn shibséxerhplahy emitmditnept, abenepticabrmdaswement aevicey be
required to produce an accurate reading of the applied force. This again

benefi ci al | 506 hisE Tohlprisas T BbuiingSitepsbeti ihthe fohn dfeadate comimutivatim
required for allow ng any displacenment or deformation to take place. Even

mor e advant gﬁoagw ?lééwfecﬁﬁ’y My ke F?@rfh% ﬁmadveﬂcaﬁebda%auzsﬂz trher gafzpy be

| ess wear and tear o |nterrﬁ’ nts t hereby increasing the life

chical meachithifealsaloaE2ete & éf%ﬂ)&é‘ ?ﬂsh%m‘gﬂﬁ B SidYaoland fibm
posi ti oned tt)heeI gt\évnéigge cfév:ce 2500. The data communication port 2516 is also capable of

transmitting electrical power to power the printed circuit board 2512 and its
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- sensor 602, so that the force applied by a users finger 612 is translated
t hrough the PPG sensor 602 to the pressure sensor 604. The pressure sensor
604 then gathers and tracks the external force exerted by the user's finger
612. FIG 7B illustrates an assenbled view of the pressure sensor 604
together with the PPG sensor 602 in operation, where the user's finger 606
is placed in contact wwth the PPG sensor 602. [00157] The feedback unit 606
may be a personal nobile processing device. The feedback unit 606 nmay be a
conputer including a processor, a nenory and optionally a display, as is
further described beloww th regard to FIG 22. The feedback unit 6%6

recei ves aelgicalyreannasiedmomaranasts suelsas dir okt eiing Hiedg #5024nd the
measur enent devi ce 600, and tenporally correlates the PPG signal with the
pressure nphstodatestos2504 andiforce sedereddtine an opti nmal anount of pressure

t hat provides an optimal PPG signal, as shown in the conparison PPG signal
graph 802 gpgi42ip! i eth peestiy seging leBdé, 2500 van riet ednnectéd ® aSpensdnal
described in nore detail below [00158] The feedback unit 606 may be

provi ded wighbhife Biosassiig kit foP8xamplésh MGk pHorel @a. th8 Alaa doftfuriibatioh spl ay
614 may prOV|de vi sual ?eedback to the user in the formof a graphical user

interface b é}‘%s ’ j j sual

f eedback n&’%ées?!r@a%qﬁél?ﬁ%%igﬁgy&%? t eéudiét}%ctyevae g@gcgcg@exg@ﬂg\g t hat

t he user c i nst ant f ak¥idg %ﬂ‘& t S €

bei ng appl ﬁ'@ge{,ooatﬁell-%ep?%@aﬁgr%ggé{ﬁéé%?ﬁ[ecéegﬂg Ei&?@?a ]IUE? {rﬁ@ g{rfegﬁlﬁw of

bt ovi de. o EBIG ABds: 2 diaveltn frouah InE ceeRY Tiie ZE0gR. S0 Rowaks RV ' °°
lied. Th hi cal di spl 618 of th |'i ed ] K. th

PRG 51 gnal oo SWTRGRINAREAG MV NEdANSPaRr PASYE Pidec S ANCLRmUGH IO}

perhaps be displayed in the formof a vertical pressure status bar 620

posi ti oned that ismeflected fedmithe fingepbuace peeses Hweugh ascess) hale 2h08k and F Gs.

9A and 9B. The status bar 620 noves up and down dependi ng on the anmount of

force bei ngoappds ¢tk Iphotduetester .2504. tTiies photosigitentor 250Aethgsetrangiditsidn es an
optimal PPG signal in order to determ ne whether the displayed real-tine

PPG si gnal &d&riearsiieal irspresefaiivéioMhedetebieddiefiptiadilinbt tdthedmbbite pbomPG
signal 616 and possibly the pressure status bar 620, the feedback unit 606

IS not requjs ¢ee et EGMHURIcHT oA TIME5 1Y, W@@ﬁ#%mhﬂmaprb@/bdﬁﬁie@mwpm mum
PPG signal, as the user is performng this step manually by analyzing the

di spl ayed 553@8?0%‘35‘?%{2?@@&% Eglf'?,gfgtdtgei SaphdTRMES tHY &kdld iR Fhshyittédne

devi ce. FI ack uni't 606 and the optical

e STk e RAP e BB s ol 2696 T force
detector 2518 then provides an electrical signal representative of the force with
the circuit board 2512. The electrical signal is then transmitted to the mobile
phone via the data comrriunication port 2516. The mobile phone may comprise a
processing unit to process the signals received from the optical measurement
device 2500. 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 pressure is

detected, the mobile phone will display the physiological characteristics that are

derived from the properties of the reflected light detected.
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[00159] In an exenplary enbodinent illustrated in FIG 10, the feedback
unit 606 may generate and display a GU with a nore sinplified indication
of whether the user should adjust the amount of pressure to provide nore,

| ess or the sane anmpbunt. There may be any nunber of ways to provide this
type of GJ . For exanple, synbols or shapes - perhaps even color-coded in a
traffic-light colored display - nay be displayed to tell the user to adjust
t he amount of force being applied. Simlarly, the GJ my sinply display
words telling the user to "Apply More Pressure, "Apply Less Pressure,” or
"Apply the Sanme Amount of Pressure.” In FIG 10, a highlighted box 622 may

be pl aced over the pressure - statu r 620 identify an optd ange
at which pr 8443 shotlG 4B é?)ﬁﬂi%@?‘?‘%% ‘éleWa?é ﬁ'@u?%{}s'qpsﬁﬁy'c?rfﬁtﬂg;@gp\'
enbodi nent, the feedback unit 606-anal yzes and conpares the nmeasured PPG
signal and Tberindipidual eemppnente @re disteznties and caa be: ¢iaarly geen.dEhe plastic
determ ne a range of applied pressure which provides the highest anplitude
of PPG si gnpbusing 2544 |candesterinctodie separateddntoraitapl pgrties 251 da amba beftatback
unit 606 then provides corresponding indicators to the user on the display
614 dependi perton 2ERABIEThd RercoSsinsop 2518l $a6negs prontactrferce ahd nprowikies eher

bel ow t he determ ned range. [00160]1n an exenpl ary enbodi nent, the feedback

unit 606 m&s%atéﬁoéléétﬁcé‘l Sighal & theéprinfedCaivdult Boad 95124k hhe etsutiigdlds to
the user through a speaker 0Or other audi o output conponent. For exanple,

t he audi o'dss\i!:?)ﬁ?ect&%tﬂﬂg 'trgﬁ%yeﬁcp&ﬁgéqqug%fe;@ﬁ%g@ésay "Apply Mre

Pressure,' Yy LeSs Pressure, me Amount of Pressure.”
Th dio f Kk be i he f. . i . fo di f £, t
pi tches or SO - - stich 2 s & bl i U a3y Aol S °"
embodl ment  CoMOBBRISCHTAL Ak RO BRI da e TamsgoRard 1 geBangco! o -7

calibrate the device before actual measurement of_the PPG signal is carried
out. This mayerted deree theualyat eantilenar tyge sppmpnh The capijleyer gFP?’é'F%ﬁ?"
pressures to the device during a fixed period of time, during which the

f eedback unrestrictanoversenhef BRGeelugrmin gl tdiiection @Xeepigondal hisiean gueilbg and
determ nes a range of applied pressure which obtains an optinmal PPG signal.
For exanpl ecolufvtn bstear stabllith anadasg foousordo maintagsa constiant appligd fovdeng a
profile of pressure ranges over a period of time, such as the force profile
808 in the pypl4spd - PIGSPEIE AHAMIB025ENshb® sBherhaties refsurt exemiphary
calibration, the device 600 is able to obtain a range of applied pressure

for each i ndiyidie! o 3bPRiatibAU5E30. TUMpeHdnt EXb34aoae bahiakBn\iblde Bot be
accurate deggﬁfg?%% t(f‘)lirflléteﬂﬁ{aci%'E)Jli:ﬂviaclgual user beﬂlsng measured. [00162] I n one

exenpl ary ?gﬂ%girﬁsgg%fnetﬁgﬁfz{tﬁﬁd&%g tl'hmsga%ﬁ pEsticDSiede &%ﬁb%giétlh@?%\hﬁemem e

preferably € processin vice such as a no e phone,

ﬁﬁhéﬁEOB?;pﬁ;%{f%égaéfﬂh%@% AT 288, ?055’?%0"&“‘5%3% G 5 E%Sé*né%nﬁlfg' o
Ho , it 606 L. ,
i arly. beTapRGATBREsepIats8 I b e tREBILER TANBeLaRoRa) e 2h ALEk e

with the optical detection device 600 in a wired or wireless fe%is]hi on, nore
preferabl y Genpanent 2549scam hei takert foohe\a simplifisdpianseseniatinng obihe Harce

f eedback unit 606, or through a proprietary connector, such a universal
serial bus desBlor2E18 affFICh25BOWSien fomenk ds rppliagsen Gamponeni 2§84 tpwards
Phone(r) (Apple Conputer, Inc., Cupertino, CA). In the description herein,
cabl el ess coumsent i 2536,s at Aendirgd rmoclentleoccuco nresattingn in hdefornsation holut
the use of wires or cables extending fromthe personal nobile processing

device to theniiient|25%a28HA A0BMboAENt 2836 towards one direction. This bending
mdment is transmitted to Component 2540 for detection.

[00146] FIG. 25F is a perspective view of the underside of the transparent

plastic piece 2510 and the top portion of the plastic housing 2514a of FIG. 25B.
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[ 00163] I n anot her enbodi nent, the portable device may be integrated with
the optical detection device as a single optical neasurenent device 1100,
as shown in FIG 11. The optical detection device 600 is incorporated

wi thin a housing 624 of a portable device 606; in this case |ocated near a
menu button 626 of the portable device 606 and separate froma display 614.
Wth such a configuration, the portable device 606 is capable of carrying
out processing - functions for the optical detection device 600, such as
signal conditioning and signal processing. As described below with regard
to the block diagramin FIG 17, the optical detection device 600

i nt egr at ed Ad $tiovirhen PIG.t28H, ahd énainepa®d6 ptastip miieses2 51 G eormprigep prafiusions28,
whil e a processing portion 630 woul d be provided by hardware and firnmnare

of the porighbg iiavdre ALROR fitThe hekicBss ROKkEI 25086 2Md5Y8Y ithy overtlaades t he
illum nation and detection assenbly 602 and the pressure detection assenbly

604, as il Lusidratagsl & FlE3 288 inl GRP4L! SourotdiRr pReRp s RABEEIAN

i|lustrated e optical detection device 600 may be integrated
with the displa 14 when th J d uch screen display. Two

openi ngs nﬁvaﬁgx%ﬁéﬁgg%ﬁ?ﬂéWﬁsg¢@ggﬁyggﬁggﬁﬁedisplay to permt the

transm ssiqn_of_Iligh r the LED, |jght souyrces and to,the photodetector.
The compondR Tl | ChEIGooes 18 epaarianeyiay S Ehohsl el SaluriERt o
pressure-sensing capabilities to detect the anount of pressure applied on
the touch & @ﬂ%cali speasprenent device 12R50; ﬁiésq?Qﬁ‘?ét NGFRiNofN ﬂBS p@é{')&eiﬁa’
detection assenbly can be provided by the touch screen display 614
directly, tamebedigest,imostafithg components arersimilaeipihgse deperdtad i bk 888i on
assenbly. Therefore, only the illum nation and detection assenbly of the

optical detiwisecsimilar eenérts sep dabdiiedywith dve dache waielenas nusaeralsdused imar ed
(IR) LED I'ight sources and a photodetector. [00166] 1 n anot her exenpl ary

enbodi ment ,Fihe2sl | e (athi te andlusion eeft it privae esyphlyoimayInc dinipr éxemplacaner a
and flash of a smartphone or other portable device, such that the canmera

functions %*gtgn@get ek aat Airerbhds Hom thashiddiabhoos RS. D88 bidie

source. The f nd canera are |l ocated proxinmate to - each other on the

portabl e dggng@on(%ag?ﬁﬁb%m?éa %nee{véwﬁeﬁplgkqu@cé%thg@paeﬁe or

infrared L e required wavel engths o Ight. In this exenplary

?}DE."E. cati awearPr Rl %ﬁ%ﬁ%%f%'%é%%ﬁ“@ﬁ?f Rk Peia LR BuPhd ag@iNotes
Govi ce. - Thi2SH2a0 e g ABhE R odes RhBaheCatshelf 228808 AL SunBeBbREEL) e

nbly i fi d to _detect t of li.ed, t
an 111 uni nZTHAr i dhesevererd PoieR 505 o ineber QURKFT. FOBTHOBSBH JoRedFng

device, by a surface portion of a user for nmeasurenent. Such an accessory
can be renosubistantially atraneparenty whish ngan opllawielight to pass through. Further,

protrusions 2554a (which are also transparent), are present instead of the access
holes 2508a and 2508b shown in FIG. 25B. The protrusion 2554a are able to fit
into the access holes 2552a of the opaque or substantially opaque plastic piece
2552 in order to secure and prevent undesirable lateral movement of the plastic
piece 2552. It will be appreciated that this configuration is reversed from that
shown in FIG. 25F.

[00148] FIG. 25H is a cross-sectional view of an assembled sensing device

of FIG. 25A at various levels of stripping to emphasize the structure of the
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personal nobile processing device. Alternatively, the accessory can be
integrally attached to a casing for the personal nobile processing device.
[00167] FI Gs. 13A and 13B illustrate yet another exenplary enbodi nent, where
the portable device 606 may be oriented in a | andscape configuration such
that the user views the display 614 horizontally and interacts with the
optical detection device 600 in a way that is easier for the user to hold
the portable device 606 in the user's hands. In | andscape orientation, the
user can place a finger 612 on the optical detection device 600 and nore
easily view a larger tinme period of the PPG signal 616. [00168] FI Gs. 14A
and 14B il luystrate another . exe lary e i ere Iural

optical det &AEBA" \95@@9 WA oéﬁ'o'rét@g E%Et é'b%WE{PB%P%XF HPIERR zﬁﬁpﬁﬁﬁl e
device 606 for interaction with the user in a |andscape orientation. The
use of nore & FHerush@ngpRbtta thrtt litst siglydntoc thecasing| 23514, naishy thatdatera)
addi ti onal physiol ogical properties, As shown in FIG 14B, the user can
easi | y hol d ntdvenpents dbl the deane ee@0éd iyt theb Xt &Nt dhdeosimie Axes aEs Yaxise

al so placing their thunbs 634A and 634B on the correspondi ng opti cal

det ecti on dewirRethetddaid gaind itdhe pageand thé & axis dmngthe axibgdingefiom the
illustrated in FIGs. 15A and 15B, the optical detection devices 600A and

600B may be jdip¢aitee r@fht %f&hé'%a?@rfrbmnth@'ﬁﬁeﬂbrTs&férﬂ%d&ﬁb} argleyitaete@0Gheso
that the user can pl ace |ndex ngers 612A and 612B in contact with the

correspondi %%98]8# t@ﬂ{j 25 % [ tg‘?ﬂéﬁéoﬁ%&Moﬁg% ZeobrdiRbid Slis (the

configurati od| nment user’'s thunbs 634A and 634B are then

i <l oy 014 2P nennddbe SRCoRRY, fm Hotohh T30 el edbd Hpt MEUicHRIEET |

the optical detec n devi ces 600A and 600B. e t | | ustrated
in Fl Gs. 14P&RP "‘%bé'g%m%‘@ Fy Hig fagspargnt piEcs ?’ff}y%‘? P?ecpaﬂe%dﬁt'{?&?

devi ces 600A and 600B, there may al sq be a correspo din uralit of PPG
signal s 616Aughdhalibe lampmr%f@eeés Jiden, hapais top S a%gﬁ%)sa%%ee §y.

[ 00169] The feedback unit may al so i nclude software or other conput er

pr ogr anmabl eofraspendinglyndmensionedator pnbyufit ithe smalier dap swifage; yittapt the
recei ving and processing the PPG signal, the pressure neasurenents, and
creation of pottemostnfade. tTherdfora) becausd ahe ﬂig‘geobom@nmlffa@bdsiresirioted frem

det ected PPG signal and pressure neasurenents. [00170] The nonitoring of (i)

the PPG si gngdving 60 éftheicabing surface upwardiabeeiennofthe eahtilevaniiatsparenthe
anount of force exerted by an individual fromthe pressure assenbly thus

enabl es t he ppplal EHnoleRseeE IRNEefdaK ipesition. WiieH Att@npRPireMEUERSnsd\@ e Wi t h
a high signal to noise ratio. The signal to noise ratio is augnented in an

optical si gﬁgbhle;}_&etr%da?é"ﬂt PERTERalRY s BpPYd Qﬁéefaf)fheaofﬁﬁlté'éﬂ&m to

be ach|red at a zero transrrural pressure that 1I's uni que to each user u5|ng

the device. L0 7d1dtes" G bl BOmBRdMbry BRpHed"8ligl" 6 bdsifg 2281 AN s

accurate

arresting upward movement from its predetermined position. This can prevent
the transparent piece 2510 from falling out of the casing 2514 and can atso allow
the measurement of an accurate default pressure, where no external force is
applied. In certain embodiments, a resilient means such as a spring can be
coupled to the stepped edge at the opposite end 2511b to return it to its original
configuration when a user exerted downward force on it is removed. The resilient
means can also tirge the stepped edge at the opposite end 2511b towards the

casing 2514 for engagement thereto, when the user exerted force on opposite
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measur enent of vari ousphysi ol ogi cal par anet er sdet ect edby

phot opl et hysnogr aphy, such as a saturation | evel of oxygen in blood.
[00172] I n anot her enbodi nent, the optical neasurenent device further

i ncl udes acquisition of systolic and diastolic blood pressure paraneters.
One option for detecting the paraneters to determ ne bl ood pressure

i nvol ves placing the side 638 of the finger 612 where the digital artery
lies onto the illum nation and detection assenbly 602, as illustrated in
FI Gs. 16A and 16B. As shown in FIG 8, a PPG signal 806 in the PPG signal
graph 802 is nonitored while the user applies vertical dowward force onto
t he pr essueadsensoovéDAVhen fdly asgembied: thie fdemimend 2ppia ebithedranspareti | e
808 with respect to tinme, as shown in the applied pressure graph 804. The
basi ¢ fundpsticadiede2End (bbliy asal yaitileves) tanisiteon idpy ofvitencomenupPRBtiongnal
806 begins to display a PPG waveform (point 810) and when the PPG signal

finall'y di e303416( BRISAbWALRFIGAS5HNRSRRM Bifbodirentdta Fealidni nestrahed
with the highest and | owest point of the blood pressure. In addition, with

this anal ysaiss% 8baﬁ %},%le}es%hieséwe%nﬁﬁﬁ%ﬂlép%@ﬁmlé‘é{% FEEQ 251 QLA

pressure can et erm ne en zero transnural pressure 1s achieved, the

PPG waveformreflects th Lgh i t It he
PPG o, gnal CFURHEEN poit 2ped § 2o B e IR 2SN uAishRrcit biagte 10,
the profil e, 808 rapi d increase an radual decrease i t he PPG
wavef or m 8@¥ece %ﬂﬁ&eg‘affzh‘e‘éﬁﬁﬁﬁ ﬁafz OEy%O?WHBWﬁa%?HLP?,n ?%ﬁ?%ﬂ‘nﬁpttpﬁ'
entire range of PPG waveformfrom 810 to 812 with respect é pplied force
508, ¢ he hichE30adsiee s nphO GRIRHONI #1er CRFBIGlioR ParhdP48: TR G t he
correspondi ng position on the applied pressure graph 804 where an anpunt of
appl i ed pr ¢sssibly allewl saneé reloakmise retation (Kpmp thes viewer'st parepedtive &y Eim
Architecture [00173] One exenpl ary enbodi nent of the optical neasurenent
devi ce i s @Estrofibes plastif piecedas10avten alfericevs applidcuali thg oppssitmendrshthe and
their relationships. In the exenplary enbodi nent bel ow, the optical

nMeasur enentirgRphemt i Hastid pidoabRe10nian aBpheld as oa acantilever, cihal transparehibl e

f eedback unit, correspondi ng
plastic piece 2510 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 transparent plastic piece 2510 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 2510 may be coupled to a resilient means such as a
spring which returns the transparent plastic piece 2510 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 stable
aséembly which arresis undesired movement. This can allow the sensing device

to have a high level of measurement accuracy and consistency by reducing the

number of unknown or variable parameters present (for e.g. caused by undesired
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interface, processing and display. That is, the optical neasurenent device
can be provided as an accessory to a personal nobile processing device such
as an Apple(r) 'Phone(r), although one of skill in the art will recognize
that other portable devices may be used. A Interaction Between

[l um nation/Detection Assenbly and the Feedback Unit [00174] The

illum nation and detection assenbly 602 nay be connected in a cabl el ess
configuration with the feedback unit 606, in this case a portable device or
a personal nobil e processing device such as an ' Phone(r), using the 30 pin
connector at the base of the feedback unit 606. After establishing physical
connection of the illum nation and detectipn asse 602 with the feedback
it 606 or TERKETRRTEN UhesPBNER L AT AN BOE & H PR PERL M ATAD,
(MCU) 640 (see FIG 17? in the illum nation and detection assenbl 60%
extracts i nistruptreswould ke ﬂ‘&altth%md*‘dﬁ@@'&?"ﬁﬂﬂ?@é%%a’bpﬁdﬁv?@@%ﬁ‘éﬁ‘%@b% dat a
to the feedback unit 606 or any other form of processing device. This

aut hent i cat ioprligassembledrfeom eack pélverf making nepairs Phgdagementsof Abg inslivigual
requires that any device using the 30 pin connector purchase an '

aut hent i cat ic@fgopkaty édriventirel k(Wi .alstbeefppreciatet tvat thebexamplagy isahsidgt hat
the authentication and MCU 640 can be optional in alternative enbodi nents.

[00175] W't byl g vt IrRividuat tohTBMmeRtans ATEHG istativees tan eaitaptbd/into bhe
Uni versal Asynchronous Receiver/Transmtter (UART) protocol fromthe 30 pin

connect or of %E%ﬁ;dgﬁéﬂ%aosfie'ﬁ:#ggﬁﬁ“ﬁgn&iafsgsgé,ﬁbﬁent to UART every 8

mllisecond$" m nati1 on and detection assenbly 602 to
the ' Ph 0017 data i ' f 10
bytes of paPBH] TherSyPuda 4 losaBeanodlaipy of SnksEiHiba BERLAY @l D
2 byt f data; 1 (IR, DC2 (Red PPGL (I.R), PPG2 ES
Sensor) . Thiok Flg 2505 « Gl aTiauR IPYE digstipring 'Pemahasize TS SHREVER oq

to back t | t : 00177] Ref A back to FI G d

br ovi de | nf ©PARUS & SUbBtankaINCOPEaH BIREHE FIeSE. S BHRVRISHI GFbitAF RARTE
enabling cal culation for saturation of perifgher al oxyg[ or 5p02. PPG1l and

) en, )
PPG est abl ipicet 252t a fulpanend:2853n dhef fis soualy infeftbe easingr¥idr, sw@ AC
conponent 102 of the PPG waveform FS sets out to provide information of

t he amount ahatparssiunevanehisdd the ptane definedibyatheok anddr deowsiinate axes {thebl v
602. An exanple of the data decoding format is show in Table 1, below Tine
(ms) Data frnopkiendi@ th&hxis 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 2553b is free to move downwards along the Z coordinate axis
(the Z axis being the axis going from bottom to top of the page from the viewer's
perspective). However, the plastic piece 25652 has a stepped outer edge such
that the bottom surface is wider than its top surface. The casing 2514’ is
correspondingly dimensioned to only fit the smaller 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 attempts are made to move the

cantilever plastic piece 2552 upwards, the stepped edge at the opposite end

2553b engages with a complementary stepped edge of casing 2514°, thus
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(Hex) 13C2 (Hex) PPGL (Hex) PP@ (Hex) FS (Hex) DCL (V) 0C2 (V) PPGL (V)

arresting upward movement from its predetermined position. This can prevent
the plastic piece 2552 from falling out of the casing 2514’ and can also allow the
measurement of an accurate default pressure, where no external force is applied
by the user. In certain embodiments a resilient means such as a spring can be
coupled to the stepped edge at the opposite end 2553b toreturn it to its original
configuration when a user exerted downward force on it is removed. The resilient
means can also urge the opposite end 2553b towards the casing 2614’ for
engagement thereto, when the user exerted force on the opposite end 2553b is
removed. The cantilever piece 2552 comprises a further center protrusion 2552b
which can extend through an opening 2554b (See Fig. 25G) of the overhead
transparent piece 2554 and be inserted into a complementary récess or cavity
within the plastic assembly piece 2506’ to provide a more snug or rigid fit. When
fully assembled, the fulcrum end 2553a of the plastic piece 2554 (acting as a
- cantilever) can sit on top of the communication port 2516°, as shown in FIG. 251
In certain embodiments a resilient means such as a spring can be present
between the plastic piece 2552 and the communication port 2516’. it can be seen
in FIG. 251 that the transparent plastic piece 2552 is perched at the end of the
communication port 2516’ such that part of 2553a is free and not in contact with
the communication port 2516’. This can possibly allow some clockwise rotation
{from the viewer's perspective of FIG. 25l) of the plastic piece 2552 when a force
is applied at the opposite end. As the plastic piece 25652 can also act as a
cantilever, the plastic piece 25652 can be substantially flexible but at the same

time have sufficient flexural strength to withstand the force exerted by the user
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during a PPG measurement. The plastic piece 2552 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
plastic piece 25562 may be coupled to a resilient means such as a spring which
returns the plastic piece 2552 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 stable assembly which arrests
undesired movement. This can allow the sensing device to have a high level of
measurement accuracy and consistency by reducing the number of unknown or
variable parameters present (for e.g. causéd by undesired movement of the
components). Another advantage of the complementary matin_g structures would
be that the individual components can be reversibly assembled or disassembled
. from each other, making repairs or replacement of the individual components
convenient. It will also be appreciated that the exemplary sensing device with its
individual complementary mating structures can be adapted into a snap-fit design
for easier assembly and disassembly.
[00150] While in the above description, the measurement surface (which
can be a transparent plastic piece or an opaque plastic piece), the overhead
portion and the force transmitting member appear to be described as separate
components, they may in some embodiments be taken to be parts of a single
overall functional component that achieves the cantilever moment when a force

is exerted. Therefore, in some embodiments, the plastic piece, the overhead

40



0.7996 1.3671 2.2150 8 FOE20A01023A02A603470560 0701 023A 02A8 0347 0560
2.8905 0.9189

portion and the force transmitting member may collectively form a single unitary
structure, which as a whole, may be considered to a cantilever structure.
[00151] 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.
[00152] FIG.24 shows a simplified exemplary representative circuit diagram
for implementing a piezo-based sensing device 2400 disclosed herein, in an
example embodiment. V represents a volimeter, and R4, Rz and R; represent a
plurality of electrical resistors. Component 2402 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 2402 can be interchanged with
-any one of Ry, R; and R; or vice versa if desired. Rq, Rz, Rs and Component
2402 are connected in a Wheatstone bridge configuration. The bridge
configuration shown in FIG. 24 is in a quarter-bridge configuration. Nevertheless,
if desired, the bridge can also be operated in a half or full form, that is, with one
or more components similar to Component 2402 replacing Rz or Ry, Rz and Rs
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.
[00153] In one example working implementation when the bridge is

operated in a quarter configuration shown in FIG. 24, R is set to a value equal to
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the resistance of Component 2402 with no force applied. R3 can be a varniable
resistor to allow ease of setting to zero. The other two resistors Rs and R; are set
to be equal to each other. in such an arrangement, when no force applied to
Component 2402, the bridge is symmetrically balanced, that is, the voltmeter V
indicates zero volts, representing zero force on the component 2402. When force
is being applied to Component 2402, its resistance varies, i.e. decreases or
increases, respectively, thus unbalancing the bridge and producing a non-zero
reading on the voitmeter V. The readings obtained on the voitmeter can then be
correlated to the actual mechanical force applied on component 2402.
[00154] The pressure detection assembly may comprise a
microelectromechanical system (MEMs). In one embodiment,l the pressure
detection assembly comprises a piezo-based sensor which measures the force
applied to a material by correlating signals based on physical and/or electrical
- property changes of the material due to mechanical sfress. Such material can
include but is not limited to crystals, ceramics or semiconductors. The electrical
property changes can include but are not limited to changes in. conductivity,
resistivity, resistance, capacitance and/or generated electric charge of the
material. The piezo-based sensor can be selected from a group consisting of a
piezoelectric based sensor, a piezoresistive based sensor, a piezocapacitive
based sensor or the fike. In exemplary embodiments, a force transmitting
member is rested on the pressure sensor and transmits the force applied thereto
to the pressure sensor without substantial displacement or deformation of the

force transmitting member.
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[00155]} Advantageously, the pressure sensor can be easily installed in the
optical measurement device 4without adversely compromising on the overall
compactness. Thus, allowing the size of the optical measurement device to_ be
kept at minimum, for example less than about 1 cm in thickness. In such
embodiments, little or substantially no disptacement or deformation may be
required to produce an accurate reading of the applied force. This again
beneficially reduces the amount of space within the measurement device
required for allowing any displacement or deformation to take place. Even more
advantageously, as the moving parts involved are reduced, there may be less
wear and tear of the internal components, thereby increasing the life span of the
device.
[00156] As illustrated in the exploded view of the optical measurement
device in FIG. 6A, the pressure sensor 604 may be positioned below the PPG
- sensor 602, so that the force applied by a user's finger 612 is transiated through
the PPG sensor 602 to the pressure sensor 604. The pressure sensor 604 then
gathers and tracks the external force exerted by the user's finger 612. FIG. 7B
ilustrates an assembled view of the pressure sensor 604 together with the PPG
sensor 602 in operation, where the user’s finger 606 is placed in contact with the
PPG sensor 602.
[00157] The feedback unit 606 may be a personal mobile processing
device. The feedback unit 606 may be a computer including a processor, a
memory and optionally a display, as is further described below with regard fo

FIG. 22. The feedback unit 606 receives a PPG signal and pressure
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measurements from the optical measurement device 600, and temporally
correlates the PPG signal with the pressure measurements in order to determine
an optimal amount of pressure that provides an optimal PPG signal, as shown in
the comparison PPG signal graph 802 and applied pressure graph 804,
illustrated in FIG. 8 and described in more detail below.
[00158] The feedback unit 606 may be provided with a display 614, as
Hlustrated in FIGs. 9A and 9B. 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 optical measurement device
and adjust the amount of pressure until an optimum PPG signal is displayed.
The display 614 may also provide a real-time graphical indication 618 of the
- pressure being applied. The graphical dispiay 618 of the applied pressure may
track the PPG signal 616 on the same graphical disptay (see Fig. 21A, 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 iflustrated in FIGs. 9A and 9B. The
status bar 620 moves up and down depending on the amount of force being
applied by the user. In this embodiment, the user identifies an optima! 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 optimum PPG sighal, as the user is

44



1. 0801 1.1607 2.2892 40 FOE20A01023A01E303550591 0701 023A 01E3 0355 0591
2.8905 0.9189

performing this step manually by analyzing the displayed PPG signal 616 and
making adjustments without guidance by the device. FIG. 9B illustrates the
feedback unit 606 and the optical measurement device 600 in operation, where a
user’s finger 612 is positioned on the optical measurement device 600.
[00159] In an exemplary embodiment illustrated in FIG. 10, the feedback
unit 606 may generate and display a GUI with a more simplified indication of
whether the user should adjust the amount of pressure to provide more, less or
the same amount. There may be any number of ways to provide this type of
GUL. For example, symbols or shapes - perhaps even color-coded in a traffic-
fight colored display - may be displayed to tell the user to adjust the amount of
force being applied. Similarly, the GU! may simply display words ielling the user
to “Apply More Pressure, “Apply Less Pressure,” or “Apply the Same Amount of
Pressure.” In FIG. 10, a highlighted box 622 may be placed over the pressure
- status bar 620 to identify an optimum range at which pressure should be applied
for a particular user. In this embodiment, the feedback unit 606 analyzes and
compares the measured PPG signal and corresponding applied pressures in
real-time in order to determine a range of applied pressure which provides the
highest amplitude of PPG signal - usually a state of zero transmural pressure.
The feedback unit 606 then provides corresponding indicators to the user on the
display 614 depending on whether the user is applying pressure within, above or
below the determined range.
[00160] In an exemplary embodiment, the feedback unit 606 may not

require a display, as it could provide audible commands to the user through a
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speaker or other audio output component. For example, the audio device could
simply talk to the user to say ;‘App!y 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.
[00161] In another exemplary embodiment, the optical measurement device
600 may ask the user to calibrate the device before actual measurement of the
PPG signal is carried out. This may involve asking the user to apply a variety of
different pressures to the device during a fixed period of time, during which the
feedback unit measures the PPG signal detected during that time period and
determines a range of applied pressure which obtains an optimal PPG signal.
For example, the user may be asked to exert pressure while following a profile of
pressure ranges over a period of time, such as the force profile 808 in the applied
. pressure graph 804 in FIG. 8. As a result of the calibration, the device 600 is
able to obtain a range of applied pressure for each individual user, rather than a
generalized range which will not be accurate depending on the individual user
being measured.
{00162] In one exemplary embodiment, the feedback unit 606 may be a
portable device, more preferably a personal mobile processing device such as a
mobile phone, smariphone, personal digital assistant (PDA), mobile music
pléyer, 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
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the optical detection device 600 in a wired or wireless fashion, more preferably in
a cableless configuration via a coupling member of the feedback unit 606, 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 the description herein, cableless configuration is taken io include a
connection that is without the use of wires or cables extending from the personal
mobile processing device to the optical measurement device.
[00163] In another embodiment, the portable device may be integrated with
the optical detection device as a single optical measurement device 1100, as
shown in FIG. 11. The optical detection device 600 is incorporated within a
housing 624 of a portable device 608; in this case located near é menu button
626 of the portable device 606 and separate from a display 614. With such a
configuration, the portable device 606 is capable of carrying out processing
- functions for the optical detection device 600, such as signal conditioning and
signal processing. As described below with regard to the block diagram in FIG.
17, the optical detection device 600 integrated with the portable device 606
comprises a sensing portion 628, while a processing portion 630 would be
provided by hardware and firmware of the portable device 606. The sensing
portion 628 preferably includes the illumination and detection assembly 602 and
the pressure detection assembiy 604, as illustrated in FIG. 17.
[001 64] in another exemplary embodiment itlustrated in FIG. 12, the optical
detection device 600 may be integrated with the display 614 when the display is

a touch screen display. Two openings may be created in the touch screen
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display to permit the transmission of light from the LED light sources and to the
photodetector. The components of the touch screen display 614 would have
accurate pressure-sensing capabilities to detect the amount of pressure applied
on the touch screen display 614, such that the functions of the pressure detection
assembly can be provided by the touch screen display 614 directly, thereby
eliminating the need for a separate pressure detection assembly. Therefore, only
the illumination and detection assembly of the optical detection device is
separately provided, such as red and infrared (IR} LED light sources and a
photodetector.
[00165] In another exemplary embodiment, the iliumination and detection
assembly may comprise a camera and flash of a smartphone or other portable
device, such that the camera functibns as the photodetector while the flash
functions as the light source. The flash and camera are located proximate to
- each other on. the portable device, and the flash can be configured with a red
LED and infrared LED to output the required wavetengths of light. In this
exemplary embodiment, the pressure detection assembly is the only significant
maodification on the portable device.
[00166] Thus, in the exemplary embodiment, an accessory can be provided
to a personal mobile processing device. The accessory comprises the pressure
detection assembly whereby the pressure assembly is configured to detect an
arﬁount of pressure applied, to an illumination and detection assembly of the
personal mobile processing device, by a surface portion of a user for

measurement. Such an accessory can be removably attached to a casing for the
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personal mobile processing device. Alternatively, the accessory can be integrally
attached fo a casing for the personal mobile processing device.
[00167] FIGs. 13A and 13B illustrate yet another exemplary embodiment,
where the portable device 606 may be oriented in a landscape configuration such
that the user views the dispiay 614 horizontally and interacts with the optical
detection 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 optical detection device 600 and more easily view a targer time
period of the PPG signal 616.
[00168] FIGs. 14A and 14B illustrate ancther exemplary embodiment,
where a plurality of optical detection 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 optical detection device will allow measurement of
- additional physiological properties, As shown in FIG. 14B, the user can easily
hold the portable device 606 with both hands 632A and 632B while also placing
their thumbs 634A and 634B on the corresponding optical detection devices
B800A and 600B. In a similar exemplary embodiment illustrated in FIGs. 15A and
15B, the optical detection devices 600A and 600B may be located on a side
portion 636 of the portable device 606, so that the user can place index fingers
612A and 612B in contact with the corresponding optical detection devices 600A
and 600B in a natural configuration. In this embodiment, the user’s thumbs 634A
and 634B are then free to operate the portable device by interacting with the

touch screen display 614 or menu button 626 while the index fingers are being
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sensed by the optical detection devices 600A and 600B. In the embodiments
itustrated in FIGs. 14 and 15, because there are a plurality of optical detection
devices 600A and 600B, there may also be a corresponding plurality of PPG
signals 616A and 616B and pressure status bars 620A and 620B accordingly.
[00169] 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.
[00170] The moﬁitoring of (i) the PPG signal from the illumination and
detection assembly and (ii) the amount of force exerted by an individual from the
pressure assembly thus enables the optical measurement device to obtain an
optimum PPG signal with a high signal to noise ratio. The signal to noise ratio is
- augmented in an opticat signal. The optical measurement device provides fora
PPG signal to be acquired at a zero transmural pressure that is unique to each
user using the device.
[00171] The resulting optimal PPG signal provides a highly accurate
measurement of various  physiological parameters detected by
photoplethysmography, such as a saturation tevel of oxygen in blood.
[00172] In another embodiment, the optical measurement device further
includes acquisition of systolic and diastolic blood pressure parameters. One
option for detecting the parameters to determine blood pressure involves placing

‘the side 638 of the finger 612 where the digital artery lies onto the illumination
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and detection assembly 602, as illustrated in FIGs.16A and 16B. As shown in
FIG. 8, a PPG signal 806 in the PPG signa! graph 802 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 transmural 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 foliows the profile
808 of rapid increase and gradual decrease over time, the PPG waveform 806

- changes in amplitude accordingly. Thus, locking 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
results in zero transmural pressure state.

Il._ System Architecture

[60173] One exemplary embodiment of the optical measurement device is
described in further detail below, including its components and their relationships.
in the exemplary embodiment below, the optical measurement device is a

portable unit coupled to a commercially available feedback unit, corresponding
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interface, processing and display. That is, the optical measurement device can
be provided as an accessory to a personal mobile processing device such as an
Apple® iPhone®, although one of skill in the art will recognize that other portable
devices may be used.

A. Interaction Between lllumination/Detection Assembly and the Feedback

Unit
[o0174] The illumination and detection assembly 602 may be connected in
a cableless configuration with the feedback unit 606, in this case a portable
device or a personal mobile processing device such as an iPhone®, using the 30
pin connector at the base of the feedback unit 606. After establishing physical
connection of the illumination and detection assembly 602 with the feedback unit
606 or any other form of processing device, a microcontroller unit (MCU) 640
(see FIG. 17) in the illumination and detection assembly 602 extracts 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 tqken from Apple®. Therefore, it will be appreciated
that the authentication and MCU 640 can be optional in alternative embodiments.
[00175] With the example of an iPhone®, communication is enabled via the
Universal Asynchronous Receiver/Transmitter (UART) protocol from the 30 pin
cohnector of the iPhone®. Strings of data are sent to UART everyVB milliseconds

from the MCU of the illumination and detection assembly 602 to the iPhone®.
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[00176] The data is comprised of 2 bytes of header and 10 byles 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 converted to back to voltage (V).
{00177] Referring back to FiG. 1, DC1 and DC2 provide information for the
DC component 104 of the PPG waveform, thus enabling calculation for
saturation of peripheral oxygen, or Sp0O2.PPG1 and PPG2 establish the actual
PPG waveform and provide information for the AC component 102 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.

Time . DC1 DC2 | PPG1 | PPG2 FS DC1 pC? | PPG1 | PPG2 s
(ms) Data from Device (Hex) | (Hex | (Hex) | (Hex) [ fHexy | 1) | o0 | o0 | o0 | )
[i] EGEZ0ADT023ADTEDDAS0065E | 0701 | 023A | 01F0 | 0380 | OBSE 2.8505|0.0189|0.7686{ 1.3671|2.2150
8 FOE20A010G23A0PAR0347056D | 0701 | 023A | 02A8 0347 | 066D |2.8905/0.9189] 1.0862|1.3526{2,2382
16 FOE20AQ1023A031802B7057A | 0701 Q23A | 0318 | 0287 | 057A {2.8905[0.9189]1.2768|1.1204 2.2602
24 FOEZ20A01023A031402600584 | 0701 | O23A | 0314 | 026D 0584 | 2.8905/0.9189(1.2703|1.001%]2.2763
32 FOE20A01023A029E0200058C | 6701 | 023A | 029€ | 0200 058C |2.8805/0.0182(1.0801] 1.1607| 2.2822
40 FOE20AD1023A01E303550591 0701 | 023A | 01EA | 0368 | 0591 [2.89056[{0.9189/0.7787}1.3751 22973
48 FOEZOADT0ZIA01 2003400592 0701 | 023A | 012D [ 0340 | 0592 |2.8005({0.9180;0.485211,3413 2.2589
£8 FOEZ20A01023A00C402AEQ0591 0701 | 023A | 0oC4 | 02AE | 0591 |2.8905]0.9188|0.3160{1.105 2.2073
84 FOE20A0 1 023AG0D0026E058D | 0701 | €23A [ 00DO | 026E | 058D 2.8905|6.9189{0.3353|1.0027]|2.2908
T2 FOE20A01023A014D02DB0585 | 0701 | §23A | 014D | 02DB | 0585 2.8905]|0.9189{ 0.5368]1.1785]2.2779
80
88
a6
104
112
120

FOE20AGI023A0200035A0578 | 0707 | 023A | 0209 | 035A | 0578 | 2.89051(.9189|0.8395! 1.3832| 2.2618
FOEZCARO2AADPECO333055E | U701 | 023A | 028C | 0338 | D56E | 2.8605(0.9189| 1.1285/1.3284| 22408
EOE20AD1023AD31FO2ZAB066F | 0701 | 023A | 031F | 02A5 | 055F | 2.88050.0180) 1.2881)1.0914{2 2167
FOEZ0ADI023AD30B0270054E | 0701 | 023A | 0308 | 0270 | O54E 12.8905/0.9189] 1.2558| 1.0060|2.1883
FOEZDAD1023AD2B802ES0538 | 0701 | 0234 | 0288 | 0ZES | O53B |2.800510,9188]1.0447| 1.1946/2.1586
FOE20A01023A01 FOD3B0055E | 0701 | 023A | 01C0 | O35E | 0626 | 2.8305]0.9189]0.7367| 13806/ 2.1248

[00178] Table 1: Data Decoding Format

B. Signal Conditioning

[00179] A raw PPG signal includes DC and AC components, both of which

containing information critical for waveform analysis. Signal conditioning is
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therefore performed in order to 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. i?.
[00180] To determine the DC component of the PPG signal, the raw signal
642 obtained from a photo detector 610 is digitized at ADC1 644. The digitized
signal is passed on to both buffer (IR} 646 and buffer (Red) 648 accordingly,
which can store up fo 100 samples each before sending collated data to the
processor 650.
[00181j Using the raw samples, a baseline DC component can be
determined by the processor 650. At the processor 650, the digitai 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,
[c0182] 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.
[00183] The resolution of the new raw signal 660 is thus enhanced
substantially when digitized at ADC2 662, as can be seen from the graphical
representations of the Vraw signal 642 in FIG. 18A, Vac 656 in FIG. 18B, and

Vppg 660 in FIG. 18C.
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[00184] Referring to FIG. 12, in order to collect the data, an MCU clock
1200 is set to toggle at a predetermined interval to accommodate retrieving
resuits 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. 12, the interval 1210 is set to 4milliseconds. 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 taken and
sent to UART.

1ll. Method of Operation

[00185] One exemplary embodiment of a method of using the optical
measurement device is descrribed herein with reference to FIG. 20, with a
corresponding exemplary GUI illustrated in FIGs. 21A - 21C. A user seeking to
obtain his or her PPG signals first places a body part, such as a finger, on the
- sensor/measurement surface of the optical measurement device (§1402). That
is, a surface portion of the user is placed on the sensor surface for measurement.
Calibration of the device to the individual user may be performed (S1404), 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. 8). In other words, the user is
asked to vary the applied pressure such that the system can determine an
optimum pressure for the uéer by analyzing the resulting 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. 218
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0.7367 1.3896 2.1240 [00178] Table 1: Data Decodi ng Format B. Signal
Condi tioning [00179] A raw PPG signal includes DC and AC conponents, both of
whi ch containing information critical for waveform analysis. Signa
conditioning is therefore performed in order to obtain the information for
further processing at the feedback unit. One enbodi nent of the signal
condi tioning process will be described bel ow, and nmay be carried out by
conponents of the illum nation and detection assenbly 602 illustrated in
the bl ock diagramof FIG 17. [00180] To determ ne the DC conponent of the
PPG signal, the raw signal 642 obtained froma photo detector 610 is
digitized at ADCL 644. The digitized signal is passed on to both buf;er
19RvHoR 2ROW

(IR 646 ananthafferFIGRY) isa0rapbisalHinglpy 2 B 4he refptignshi gt @
sanpl es each before sending collated data to the processor 650.
calculated area 2110 under the curve in FIGs. 21B and 21C with respect to
applied pressure 2108. FIGs. 21B and 21C are graphical displays 2102 and
2104, respectively, which illustrate the different PPG waveforms at different
applied pressures, and how the area under curve of the PPG waveform is
computed. As shown in FIG. 21A, the optimum pressure 2118 applied in FIG.
21C, 299 mmHg, corresponds to the largest area 2110 of PPG waveform
detected during the calibration ($1404). 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
m%wmﬁuwyNWMMMwwmmMW%m@mmHGWUMmmmwf
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. If the amount of force being applied by the user falls outside of the optimum
range, the system can detect this in real-time and asks 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 (§1410).
[00186] 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. 21B by the area 2112 boundéd by the PPG
signat 2114 and baseline 2116. FIG. 21A then graphs the variation of the area

2112 under the PPG waveform with respect to the pressure 2108 applied on the
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[ 00181] Usi ng the raw sanpl es, a baseline DC conponent can be determ ned by
the processor 650. At the processor 650, the digital values for Vsub (IR
and Vsub (RED) (i.e. the DC conponents) are cal cul ated. The Vsub signals
652 are subsequently converted by a digital-to-anal og converter (DAC) -
654. [00182] The determ ned DC conponent (Vsub) is then subtracted fromthe
raw signal, Vraw to obtain Vac 656. The new raw signhal, Vac 656, then
under goes a second stage anplification at a second stage anplifier 658 to
obtain Vppg 660, where the signal to noise ratio is inproved conpared with
Vraw 642. [00183] The resolution of the new raw signal 660 is_thus
enhanced sudessant Aalrhgy Wharbsdingd inzdis axample? teseptimymcpiespuresgtl$ Brafm t he
graphi cal representations of the Vraw signal 642 in FIG 18A, Vac 656 in
FIG 18B, aud vipiMdy, GdHere ardd 2112 86der theQL84A Reift ésmagmuon 61 G.632, in order
to collect the data, an MCU clock 1200 is set to toggle at a predeterm ned

| nterval qoagepMOARE, 2t [ avbRgk '@agth® thdtomiaieites L EDEhBodifdnit o
LEDX RED) 6 during a respective first interval 1202 and second i nterval

1204, 10 tharifelidivb 1gsREPOSIOT UoRNAMRN B bibobinedtn®s Ithé Chyahive210 | s

set to 4m lT1secon ( ction sequence is then repeated in the
R B L e U e L e
o g e Brisver Blatorn S28 MR BraeedlBP FbE Und Inndf§ 2488 ©f
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
participates in 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 focal 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 celiular 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 iocation

separate from the computer platform 2201. The computer inferacts with a
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measur enent device is described herein with reference to FIG 20, with a
correspondi ng exenplary GJI illustrated in FIGs. 21A - 21C. A user seeking
to obtain his or her PPG signals first places a body part, such as a
finger, on the - sensor/nmeasurenent surface of the optical measurenent
device (S1402). That is, a surface portion of the user is placed on the
sensor surface for neasurenent. Calibration of the device to the individual
user nmay be perforned (S1404), where the user is asked to apply an anount
of pressure over a specific period of time, corresponding to a force
profile 804, (see FIG 8). In other words, the user is asked to vary the

applied presgsure ch that the syst cap det.ernmne an opti r e for
The. user " by daimy 24t HEP YR S PRCARIOBHGR 10 St ToUBl B Pra Tt
variety of applied pressures (S1406). The user nay,alsog&e presentep W th
at | east onaddifienalinsirysbonsAnssgpH tlemdhatuserny hg qisplay 2408 maydhsieiose
applied pressure, as illustrated in the graphical displays in FIGs. 218

and 21C. FI fartheAackasaningpitidesiceR208 fayinferaetinghwih asise@hs t he rel ati onship
of a calculated area 2110 under the curve in FIGs. 21B and 21C with respect
to applied [o088yre 2RIE8. 2Flisca sehBmatid Rivcharte280@ ilhistratingi s phelped2fod2 and
2104, respectively, which illustrate the different PPG waveforns at

different aggiech r&%zgm@icaa@gmwuéih & ejptivad eteasurerment’ detiee ARGan
waveformis conputed shown in FIG 21A, the optinum pressure 2118

applied in ALy 98 F | ArORsr PPG
wavef orm de%%?@%%??‘ﬁg‘ t he c%??g?g?%%g‘?asﬁﬁgg?ﬁngce t hifgtr@%ta ?%ﬁléﬁt
pressure is. ;

Wi on the usaiREEdy FansRRoHsVendben tmTE onERoARbRMace plhtohM . g
bel ow t he opti num.pr.essur S1408),. As preyvi aus]l ribed wth rd to
Fr G oAt neRANS darciabas 3 donusiie. BB EANIeh BT Sletthn FeberbREAta, oo
in a graph 618 on the display 614 so tha& the yser cap see. the apount  of

b et o bebRl 2o S ALl Ripsere BRbVgH o Bssralp I BLginaiah g
using the pressure status bar 620. |f the anmount of force being applied by
the user fafietection sisgembly ishdetgstednusinganduessuie dsteetion @&ﬁﬁmbg'ec%t $8Ps in
real -tine and asks the user to increase or decrease the applied pressure in
order to reR308 thetampunhef peassaredetastedrimcppalile fdeing usedoasi fegdbapkst
possi bl e PPG signal quality (S1410). [00186] Opti mum pressure i s determ ned
as the prespfgrenationbitiidusdre nmeasured PPG signal has the | argest waveform
anplitude, or area 2112 under the PPG waveform as shown in FIG 21B by the
area 2112 bounded by the PPG signal 2114 and baseline 2116. FIG 21A then
graphs the variation of the area 2112 under the PPG waveformw th respect
to the pressure 2108 applied on the sensor. As may be observed in this
exanpl e, the optimm pressure 2118 is at 299 nmHg, where area 2112 under
the curve is at its maxinumof 11.63. [00187]FIG 22 is a block diagram

that illustrates an enbodi ment of a conputer/server system 2200 upon which
an enbodi ment of the inventive
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met hodol ogy may be i npl enented. The system 2200 i ncl udes a conputer/server
pl atform 2201 i ncluding a processor 2202 and nenory 2203 which operate to
execute instructions, as known to one of skill in the art. The term
"conput er-readabl e nedi un’ as used herein refers to any nedi umt hat
participates in providing instructions to processor 2202 for execution.
Additionally, the conputer platform 2201 receives input froma plurality of
i nput devices 2204, such as a keyboard, nouse, touch device or verbal
command. The conputer platform 2201 nay additionally be connected to a
renovabl e gia@f@ge device 2205, such as a portable hard drive, optical nedia
(CD or DVD), - disk nedia or any other mediumfromwhich a conputer can
read execupameisodamebe: conputer platformmay further be connected to
network resources 2206 which connect to the Internet or other conponents of
a local public &foftichMaéRunghomdaviceldvenpnieingor k resources 2206 may provi de
instructions and data to the conputer platformfroma renote |ocation on a
net work 2207. Tdreillooination iand Sdetextibh eassatbip rdonfigserl ie e8ip@Rihintaya be vi a

wi rel ess protocols, such as the 802.11 standards, Bluetooth(r) or cellular
pr ot ocol s, swifacgi goftihy safcal user dors messiromente dind, to sdriect dbe catimdstiat fi ber
optics. The network resources nmay include storage devices for storing data
and execut ¥BrEnitted ot iglesterhBompsald sudeca nasipnet taer Eeeas 2 8igrtthe conput er

oz i o s AT et AR SR, R O
I nst ti i t f t . The di.spl 8 t.h f

further  aceosnah o aamec B 99R5 by SRt dc s e e ape o' °

[ 00188] FI Gy dﬂ%naau?echﬁ{{f&tﬁbﬁ 5%58%(}%{, #a0sdr! iHSt ks PO a%s?r?\glg()d for

detecting a physiol ogli cal signal usrng an optica asurenen vice in an
exanpl e engRhig o BieSiERol #%ending W foR&LpRAIKIP Rafimifed Rk !
measurenent 1S IlTumnated and transmtted or reflected output Iight from
sai d surfaggeportion of the user is detected as a signal using an
illumnation and detection assenbly. . At step .2304, an anount of pressure
appl i ed by the whekin et fitourlt |cf Brétalileodetactdd deicapitiloof beisgnisky dss det ect ed
using a pressure detection assenbly. At step 2306, the anmount of pressure
det ect ed i Sesthpalbinforoftidreforige used as feedback information to the user.

CLAI M5 WHAT IS CLAIMED | S: 1. An optical neasurenent device conprising:
an illumnation and detection assenbly configured to output light to a

surface portion_of a user for neasurenent and tq detect the output |ight
transmtted or rBe oPEedmerRtieERNtHavirer as iied i1 PIAM LheheisEt thes a signal ;

illumination and detection assembly and pressure assembly are integrated into a

single portable device and a feedback urﬁt is further provided separately.
3. The opfical measurement device as claimed in any one of claims 1 fo 2,

wherein the pressure assembly does not substantially deform or displace when in

use.

58



. a pressure assenbly separate fromthe illum nation and detection assenbly
and configured to detect an anount of pressure applied to the illum nation
and detection assenbly by the user, the pressure assenbly conprising a
force sensor for sensing a force physically transmtted fromthe user;
wherein the anount of pressure detected is capable of being used as

f eedback information to the user. 2. The optical neasurenent device.as
claimed in claiml1l, wherein the illum nation and detection assenbly and
pressure assenbly are integrated into a single portable device and a
feedback unit _is further provided separately. 3. The optical neasurenent
devi ce as cléaiTRBdPntipaldngasyrrmant devied @s claimed ) anheneiah daires pr es3ur e

assenbl y doe%Ieth supstantial |y deformor displace when in use. 4. The
optical nmead{ieEtiie dguce s igledangpbasrd dpviey one of clains 1 to 3, wherein
t he device i.s a eflq.ct ance-based device. 5. The optical measurenent

devi ce as cPai med'd PPUHyRRRreHeNE fayicRsas clabneg in RRw P8P 4T SIAES 1 fufi nati on and
detection a C I.Ses d.light itting diode ED), an infra-red
LED or ' bot n e heCRRhL Bvard doh diterdil, biraPihes & &f foi Pt m 5
wher ei n -sat i 0 ] gen (8P02) information of the user is
derivabl e fyg)%t(%b)ﬂé? @@%éﬁiﬁ%[?lﬁﬁ?&%{l ght information fromboth the red LED

and the infra-red LED. 7. The optical neasurenent device as clained in any
one of clainms 1 to 6, further conprising a coupling nmenber configured for

gou_pl ing in6a caleddptisst nQBlireMEhEddvite ok LimELnTidls, TRbelSsaia6§ssi N9
evi ce.
o of peripheral oxygen (SPO2) information of the user is derivable from the

detected output light information from both the red LED and the infra-red LED,

7. The optical measurement device as claimed in any one of claims 1 to 6,
further comprising a coupling member configured for coupling in a cableless

configuration to a personal mobile processing device.

8. The optical measurement device as claimed in any-one of claims 2 to 7.
wherein the feedback unit is configured to correlate the quality of the detected

signal with the amount of applied pressure and provide feedback related to the

correlation to the user.
9. The optical measurement device of claim 8 when dependent on any one

of claims 3 to 7, wherein the illumination and detection assembly, pressure

assembly and feedback unit are integrated into a portable device.
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8. The optical neasurenent device as clainmed in any one of clains 2 to 7,
wherein the feedback unit is configured to correlate the quality of the
detected signal with the anmount of applied pressure and provi de feedback
related to the correlation to. the user. 9. The optical neasurenent device
of claim8 when dependent on any one of clains 3 to 7, wherein the

illum nation and detection assenbly, pressure assenbly and feedback unit
are integrated into a portabl e device. 10. The optical neasurenent device
as claimed in claim?7, wherein the personal nobile processing device
conprises the feedback unit configured to correlate the quality of the

d d si | f d dg f eedback

e et o tha' abt e mRATHOTRE SEP oS PeRhER X EEIR Of MUl o00aCK.
| ai d f 8 t 10

r??ldiccglt imgn ‘%ﬁn ?%rr% ﬁe I%Floecgﬁ%:}s?n%gw I%&m%s' ﬁé?egbga%gﬁé{ 8‘Silﬁﬁmﬁ)llr%elssure bei ng

appl i ed to the.ll &é”?gd%ﬂ{\)a&'lhg'agte%ﬁ%b%t%&%%t oﬁgppllg@%réﬁ@&ﬂecal

measur enment devi ce ned 'n clarm 11, wherein the feedback displays a

range of ORiPbyiaPRlESREERA1S R AleRorblull bde: actual applied pressure
being applie y the user . The optical neasurenent device as clained in :

claim 12, wherein the range of optinmal applied pressures corresponds to a
state of zero transnural pressure. 14. The optical neasurenent device as
clainmed in pny ane opficat hla8BrethehDdédvite astulaimed intdny dnead lohdks Bdo 40y equest to
the user to increase, decrease or nmaintain the applied pressure. 15. The
opti cal neashereimetit fdedback imsncindication ofnwbetherothe user sheuldrgadiist thel4, wherein
the feedback is a real-tine visual output of the detected signal and

det ect ed apg‘nomj op pressire being applied to the itlumination and detection assembly. :

12. The optical measurement device as claimed in claim 11, wherein the
feedback displays a range of optimal applied pressures along with the actual

applied pressure being applied by the user.

13.  The optical measurement device as claimed in claim 12, wherein the
range of optimal applied pressures corresponds to a state of zero transmural

pressure.
14,  The optical measurement device as claimed in any one of claims 8 to 13,

wherein the feedback is a request to the user to increase, decrease of mainiain

the applied pressure.
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16. The optical neasurenent device as clained in any one of clainms 8 or 9,
wherein the feedback unit is a portable conputer including a processor,
menory and a display. 17. The optical neasurenent device as clainmed in any
one of claim9 or 16, wherein the portable device is configured with a

plurality of illumnation and detection assenblies and a plurality of
pressure assenblies. 18. The optical neasurenent device as clained in any
one of clainms 2 to 17, wherein the illum nation and detection assenbly and

t he pressure assenbly conmmunicate with the feedback unit over a wrel ess
network. 19. The optical neasurenent device as clainmed in any one of

clainms 1 't0448, W@Q{pﬁw Hé&@ur@%ﬁ%&%eéié\%e&ﬁ%y%@%?abﬁ{srngraphy (PPG

signal. 20. The optical neasurenent as alnmed 1 n any orfe of the
precedi ng clhbmih WaeReARRRNSGNtealliné iUl dutpW&T R HeldRRaPSERPNAL Nobi | e
processing device is one selected froma group consisting of a nobile
phone, a snaetpbtedepplica ppRssenal -digital assistant (PDA), a nobile nusic
pl ayer, a tablet conputer, a netbook and a laptop. 21. A nethod for
detecting a physiol ogical signal using an optical neasurenent device,

conpri si ng: illumnating a surface portion of a user for neasurenent
and detecti ®g t ridesplical mbasnrenehnt deti@dasodaipet i aghond oforiaimaios@r f ace
portion of the user as a signal using an illum nation and detection

assenbl y; Wwherein the fedbagkguni ip aesstable coapeet indndiag s orsessosdpamare fromthe
illumnation and detection assenbly, the pressure detection assenbly i
conpri si ng #4®fB@%ensor; physically transmitting a force fromthe user to
the force sensor; '

17.  The optical measurement device as claimed in any onhe of claim 9 or 16,
wherein the portable device is configured with a plurality of #lumination and

detection assemblies and a plurality of pressure assemblies,

18.  The optical measurement device as claimed in any one of claims 2 to 17,
wherein the illumination and detection assembly and the pressure assembly

communicate with the feedback unit over a wireless network.

19.  The optical measurement device as claimed in any one of claims 1 to 18,

wherein the detected signal is a photoplethysmography (PPG) signal.
20.  The optical measurement device as claimed in any-one of the preceding

claims when dependent on claim 7, wherein the personal mobile processing

device is one selected from a group consisting of a mobile phone, a smariphone,
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detecting an anount of pressure abpl ied by the user to the illum nation and

detection assenbly using the pressure detection assenbly ; wherein the
anount of pressure detected is capable of being used as feedback

information to the user.

when in use.

to 26,

clainmed in any one of clains 22

furt

Xtcorrprlses ared light emtting diode (LED) an
PIAIPOBE The method as claimed in claim25, further

in a cabl el ess

provi di ng feedback related to the correlation to the user using the

f eedback UnjrdnsmittetPor fdiectie® ivapat Hehtdtom said surfacd pértierp 8f thewseh@s aconpri si ng

22. The nethod as clained in claim2l, wherein the
illum nation and detection assenbly and pressure detection assenbly are
integratied into a single portable device and a feedback unit
provi ded separately. 23. The nethod as clained in any one of clains 21 to
22, wherein the pressure assenbly does not substantially deform or displace
24. The nethod as clainmed in any one of clainms 21 to 23,

wherein the neasurenent device_is a reflect ance e 5. The -
net hod as cﬂﬁ?ﬁ?@ﬂa‘ﬂ‘\g'?h?%@‘df’t@ L'Elmf’%'cffye ggggtn(\'/dt"ﬁﬁn umi nati on
and detection asse
infra-red L%
conpri sing derivi ng saturation of peripheral oxygen (SP02) information of
the user fromthe detected output light information fromboth the red LED

and the infgp-red LER. nedy ShBelBidiod iysiblodicaPdishd @ity ancoribalC! aims 21

ér conprising coupling a coupling ne
confi gurat|8ga§@e,ﬂeﬁqe§|@élq§0n{mgh{,e processing device. 28. The nethod as -

o 27, further conprising correlating the
quality of the GRifRdtRE £ bRk prkdh bihe uaefon tmeaurmehi antl pelesting: e:

is further

and

i
i

provi ding an indication to the user. of whether the anount of pressure being -
appl i ed to $igealiusing mhiikanimationadd detestioniaseerabl¥enbl y shoul d be adj ust ed.

providing a pressure detection assembly separate from the illumination

and detection assembly, the pressure detection assembly comprising a force

sSensor,

physically transmitting a force from the user to the force sensor; .

detecting an amount of pressure applied by the user to the illumination

and detection assembly using the pressure detection assembly ; wherein the
amount of pressure detectéd is capable of being used as feedback information to

the user.

The method as claimed in claim 21, wherein the iliumination and detection

assembly and pressure detection assembly are jntegrated into a single portable

device and a feedback unit is further provided separately.

23. The method as claimed in any one of claims 21 to 22, wherein the pressure

assembly does not substantially deform or displace when in use.
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30. The nethod as clained in any one of clains 28 to 29, further conprising
di splaying a range of optinmal applied pressures along wth the actual
applied pressure being applied by the user. 31. The nmethod as clained in
any one of clainms 28 to 29, further conprising displaying a range of

optimal applied pressures- along which corresponds to a state of zero
transnural pressure. 32. The nethod as clainmed in any one of clains 28 to
31, further conprising requesting the user to increase, decrease or

mai ntain the applied pressure. 33. The nethod as clainmed in any one of
claims 21 to 32, further conprising displaying a real-tine visual output of
the detected signal and the detected applied pressure. 34. The nethod as
claimed in any one of clainms 22 to 33, wherein the feedback unit is a
por t abl e cdfput &he imethediiangelaimpd deewy e pedings ahdo2ddivgisiay.the 35. The
met hod as clained in any one of clainms 28 to 34, wherein the illum nation
and det ect i 'BPRSHESRAT PoVicis@gelipctangebasadidpvisid f eedback unit are integrated
into a portable device. 36. The nethod as clained in claim35, wherein the
portabl e device is configured with a plurality of illumnation and

i 33 ST i B ol A R B
e Ayl A AR BT T o

conpri sing é]‘ﬂﬁfrﬂ'&ﬁithodﬁﬁh quality of the detected signal with the anmount
of applied pressure; provi di ng feedback related to the correlation to
the user using a feedback unit; wherein the personal nobile processing

devi ce conprises the feedback unit. 39. The nethod as claimed in any one

of clainms 246.t 0THE matirr & dlaibiae iflehinc2s, durtief bompiisngaddgiiving @atuedtians nogr aphy
(PPG signal. 40. A conputer readable nmedi um having stored thereon
i nstructi ond gegipheraboxyget i(85802) imformeatisoof e wer dpin thaldetesiesivowdpeint  devi ce
to execute a nethod

fight information from both the red LED and the infra-red LED

27. The method as claimed in any one of claims 21 to 26, further comprising
coupling a coupling member in a cableless configuration to a personal mobile

processing device.

28. The method as claimed in any one of claims 22 to 27, further whpﬁsing

" correlating the quality of the detected signal with the amount of applied pressure;
and

providing feedback related to the correlation to the user using the

feedback unit.



for detecting a physiological signal using the optical neasurenent device,

t he nmet hod conpri sing: illumnating a surface portion of a user for
measur enent and detecting transmtted or reflected output light fromsaid
surface portion of the user as a signal using an illum nation and detection
assenbl y; providing a pressure detection assenbly separate fromthe
illum nation and detection assenbly, the pressure detection assenbly
conprising a force sensor; physically transmtting a force fromthe user to
the force sensor; detecting an anount of pressure applied by the user
Ao the illum nation and detection assenbly using the pressure detection

assenbly ; wherein the anount_ of pressur etected iL.s ca | bei ng used
as feedback® nf &perapstber @ ‘f‘ﬂ'@‘eﬂs'@r‘ga'mﬂ;f.g’ %eﬁgﬁ%ﬂ?séqg P@g a g'r]madi um as

clainmed in_claim40, wherein the i|lunmnation i sgenbly and
pressure d&AEEANCHHC 3% LR ?fn‘ﬁ?egh?rr{b%ﬁp&“gdof?{f%& ge gi%hgfaéb '%gr@aﬁ'ge dgvi ce
and a feedback unit i.s further | ely. 42. The conputer
readabl e n@&mﬁé{é‘l’é‘ < gierengdorll %ssae%§@\()§hgﬁg]@3§%9§1%%. 4)(; to 41, V\hereimrjl t he

pressure assenbly does not substantially deformor displace when in use.
43. The conputer readable nediumas clainmed in any one of clainms 40 to 42,

wherein theg |1 ¢ 'ﬁ%ttt'xd?jnasfi&lgin%tiﬁ%{ﬁﬁb apaswRl 28 ©AIPTUtAeScomprithgl | ght
emtting diode (LED), an infra-red LED or both. 44. The conputer readable
nedi um as clisplagath bradderbMofdimalppliei preshieresatang dvithutht reetuat applidds es
deriving saturation of peripheral oxygen (8P02) information of the user
fromthe dgiressupsibeing apiitiet ibglte isef.or mati on from both the red LED and the
infra-red LED. 45. The conputer readable nediumas clainmed in any one of
clains 41 to 44, wherein the nethod further conprises correlating the

quality of the detected signal with the anount of applied pressure; and
31. The method as claimed in any one of claims 28 o 29, further comprising

displaying a range of optimal applied pressures-along which corresponds to a

state of zero transmural pressure.

32. The method as claimed in any one of claims 28 to 31, further comprising

requesting the user to increase, decrease or maintain the applied pressure.

33. The method as claimed in any one of claims 21 to 32, further comprising
displéying a realtime visual output of the detected signal and the detected

applied pressure.

34. The method as claimed in any one of claims 22 to 33, wherein the
feedback unit is a poﬂabté computer including a processor, memory and a

display.
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provi di ng feedback related to the correlation to the user using the
feedback unit. 46. An accessory for a personal nobile processing device,

t he accessory conpri sing, a pressure assenbly separate from an
illum nation and detection assenbly of the personal nobil e processing
device, the pressure assenbly being configured to detect an anount of
pressure applied by a surface portion of a user for neasurenent, the
pressure assenbly conprising a force sensor for sensing a force physically
transmtted fromthe user; and wherein the anmount of pressure detected is
capabl e of being used as feedback information to the user. 47. The
accessory asb.cl dihaedethad csatigindd, inWaer ehd of Rzirps @8sier B4, agisealhl fiedoes not
substantially deform or displace when in use. 48. The accessory as cl ai ned
i n any one iddminktormendbetectioh/assaetnblyepressire aasarddys and fdesbacknotadeky att ached
to a casing for the personal nobile processing device. 49. The accessory
as cl ai med integrated intospporteiplsr ddvivet he accessory is integrally attached to a
casing for the personal nobile processing device. 60. The accessory as
clainmed in any one of clains 46 to 49, wherein the personal nobile
processi ng devi is one selected froma roup_consisting of a nobile
phone, a smitt pﬁ%ﬁefnet&%eﬁ%sﬁav%i"giclaav Sihereiptthe mRRbIC devins) 1Se nusi ¢

player, a t&)t?llﬁgare ?,vrffﬂlétp(?ﬂra1i§ OP ﬁﬂr?%% onagnq:l &téc%grg gé)s'emblies and a plurality

. of pressure assemblies.
37. The method as claimed in claim 34, further comprising wirelessly
communicating befween the feedback unit and the illumination and detection

assembly and pressure assembly.

38. The method as claimed in claim 27, further comprising 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; wherein the

personal mobile processing device comprises the feedback unit.

39, The method as claimed in any one of claims 21 to 38, wherein the

detected signal is a photoplethysmography (PPG) signal.

40. A computer readable medium having stored thereon instructions for

instructing a processor of an optical measurement device to execute a method
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for detecting a physiological.signal using the optical measurement device, the
‘method comprising:
| iliuminating a surface portion of a user for measurement and detecting

transmitted or reflected .output light from said surface 'portion of the user as a
signal using an illumination and detection assembly;

providing a pressure detection assembly separate from the illumination
and detection assembly, the pressure detection assembly comprising a force
Sensor,

physically transmitting a force from the user to the force sensor;

detecting an amount of pressure applied by the user to the illumination

and detection assembly using the pressure detection assembly | wherein the -

amount of pressure detected is capable of being used as feedback information to

the user.

41. The computer readable medium as claimed in claim 40, wherein the
Jllumination and detection assembly and pressure detection assembly are
integrated into a single portable device and a feedback unit is further provided

separately.
42. The computer readable medium as claimed in any one of ciaims 40 to 41,

wherein the pressure assembly does not substantially deform or displace when in

use.
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43.  The computer readable medium as claimed in any one of claims 40 to 42,
wherein the illumination and detection assembly comprises a red light emitting

diode (LED), an infra-red LED or both.

44, The computer readable medium as claimed in claim 43, wherein the
method further comprises deriving saturation of peripheral oxygen (SPQO2)
information of the user from the detected oufput light information from both the

red LED and the infra-red LED.

45,  The computer readable medium as claimed in any ohe of claims 41 o 44,
wherein the method further comprises correlating the quality of the dstected
signal with the amount of applied pressure; and

providing feedback related to the correlation to the -user using the

feed'back unit.

46. An accessory for a personal mobile processing device, the accessory
comprising,

a pressure assembly separate from an illumination and detection
assembly of the personal mobile processing device, the pressure assembly being
configured to detect ah amount of pressure applied by a surface portion of a user
for measurement, the pressure assembly comprising a force sensor for sensing a
force physically transmitted from the user; and wherein the amount of pressure -

detected is capable of being used as feedback information to the user.
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47. The accessory as claimed in claim 46, wherein the pressure assembly does

. not substantially deform or displace when in use.

48. . The accessory as clairﬁed in any one of claims 46 to 47, wherein the
accessory is removably attached to a casing for the personal mobile processing

device.

49. The accessory as claimed in claim 46, wherein the accessory is integrally

attached to a casing for the personal mobile processing device.

50. The accessory as claimed in any one of claims 46 to 49, wherein the
personal mobile processing device is one selected from a group consisting of a
mobile phone, a smartphone, a personal digital assistant (PDA), a mobile music

player, a tablet computer, a netbook and a laptop.
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