Devi ces and Met hods for Photopl et hysnogr aphi ¢ Measur enents BACKGROUND Fi el d
of the Invention [0001] This invention broadly relate to devices and net hods
for non- WRNAEBYO®3Hpti cal physiol ogi cal neasurenents, i REM(FG2HIG/0PHE3
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 Art [0002] Optical nonitoring of
physi ol ogi cal characteristics utilizes the detection of light transmtted

t hrough a Dewicesrand MethodsofonP hotoplethyshhogoaphicyMeagungmebss i s
an optical neasurenent technique used to detect bl ood volune changes in the
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 BAGKGROUNDUre saturation of peripheral
oxygen (Sp02), which is an estimation of the | evel of oxygen saturation in
a fluid, el ofzhedlmedtiodhe PPG signal can al so be used to neasure bl ood
pressure. [0003] A device such as a pulse oxineter is an accepted standard

in clinicgpogfiacti canisae apiioN| divOFel rd nBagc i g5l npyl satile
signal s Ee[rri tt]ed by thelct@r:gesg?% tyﬁee g%?ﬁdjnedégf%egl ggg @?g@gﬁg@h?%gh a

user. The; It - al | LI | Ly L ] t1d ng
di odes (L sﬁ%agﬂrt{gg ;%Wg@ﬁl%ée%éﬁgp h%%%ar{g&ﬂg{e@t trﬂ)%r@é}%?ﬁﬂe&us%er' S
body, usuall i rtip o earl obe, positioned there_ het n, The
"ant ronneleretbhfahlohy RS, SHneh dem B Tisldtd i bRy 1o
phot odi ode. One LED is red, wth wavel ength of approxi mat e| 60 nanoneters
Uiy and FregsLEe FEIRGIEN Aesmblicet 4l DHIGH RRRSUESTION, GRVIPSH GRERP o0
910 or 940 nm Absorption at these wavel engths differs significantly
bet ween o3 Gf BrssuEtharplies bycibrsenta B¢ da)ieR. Therefore, the ratio of
oxyhenogl obi n to deoxyhenogl obin can be calculated fromthe ratio of the
absor pt i orPesicriptien peihedRelatedfArdred |ight, i.e. the ratio of red light to
infrared |ight absorption of pulsating conponents at the measuring site.
[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 blood.
The PPG signal can also 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 ewsbau1A9spBasure the small variations in |ight PorseRpo@esoci at ed
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

i deal . Particular problens may be encountered when the baseline of the AC
si gnal CoBRfRaby %C&sm@e@% e PSR BiSod ASWIRAthRIUIN a B¥EN Thd pulsk ! d
novenment artifacts. [0006] Hence, there exists a need for an optical

measur enmept. i hagd. f qr i A, physial ogi I usi ng
- opt  capxntedd, SEndifly Dl o Ber " ofiEh Yot AR uRe: A0ETRY BB
above prob] ens. SUMVARY [ 0007] Ther be praqvided an optdical. measurenment
devi ce fophggﬁﬁdﬁi%@%ﬂﬁﬁ-"ﬁ@ﬁgpcgaﬁH8§¥8H§8P§3Pd%eggﬁ$9h€ F@eﬁwbﬂﬁanportion
of living tissue and net hod of using_the sane, mhigg)nnre paétic larly

i ncl udes &2peRe RAsioned deereobriwesBnbiRE LYHATRtRe LEDSHRASSEs BryaiteBl ay an
amount of pressure applied by a body part of a user to the device during

t he opti clissureandriedetactedypynthe phatpdiggdel Cae LRDAppedpmitht wavelength off
pressure to the optical nmeasurenent device, the resulting signal-to-noise
rati o of approdenatetyeBblbpanaraetens vy, amdrthe ithgras infeared, with @ wavelength

phot opl et hysnogr aphy signal, can be increased, and a nore accurate

measur emeof approxireatelt 805.e910 ropro4themu gdisorplioncatt ihese waesiengths chfferbe
determned in real-tine by analyzing the detected optical neasurenent

si gnal angigﬁﬁfcbﬁg\ﬁbé%e% Styblentddiotih dn- ikl Skygahhtedplfrhi Orhevéfordiahsi gnal
Wi th a correspondi ng applied pressure. The user can be provided real-tine
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nmeasur eme acl at'e providinhg an

determ na‘.i on custom;’éed for each ind*vitqgal user.. thereby obtaining a
resul ti ng'9HIRRQIPHOR RUSAING COMpRREnts At g MEARULPI $t8008] I n some exanypl e
enbodi nents, there is provjded an opti (r:Fg rreasuljr ement device conprising an

|
i || umi nat (QAP4nd defBet PagicadeBRnIgl ddiPi deriPlegy offasiIes| ioght o fWporti on

of living tissue of a user and detect transmtted or reflected |ight as a
si gnal ; aoptagientiogicaexBpengnteonfighiusece o demisatedhedissuade g skineasdr e
applied to the illumnation and detection assenbly by the portion of |iving
ti ssue of atpretodatectontulneateradtieckmalth variatiomisi ig digbt intensityr assiogiated withqual ity
of the detected signal with the anount of applied pressure and provide
f eedback echbhrjedintperiusndnra cdtetirment valumbe user .

[0005] 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. Particular problems may be encountered when the baseline of

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

mild movement artifacts.



[ 0009] The feedback may be an indication of whether the user shoul d adjust

t he anobunt of pressure being applied to the illum nation and detection
assenbl y.wpQoidpdize feedback may di splay a range of opt ipcrisGapplobeds
pressures along with the actual applied pressure being applied by the user.
[ 0011] The range of optinmal applied pressures may correspond to a state of
zero transnural pressure. [0012] The feedback may be a request to the user
to increase, decrease or nmamintain the applied pressure. [0013] The feedback
may be a real-tinme visual output of the detected signal and detected

appl i ed PidboBy © [ 9014, There! BG40 hedtlidr SRR PndiRUtetER GVIRIARY
I ncl udi ng*a ocessor renory an di spl ay.
a method for detecting a phyS|oIog|cal signal using an optical measurement

device that seek to address at least one of the above problems.

SUMMARY

[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 should 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 resulting optimal measurement signal for

each user.



[ 0015] The il lum nati on and detection assenbly, pressure assenbly and
feedback unit nay be integrated into a portable device. [0016] The portable
devi ce nmaWyoRe12d¥pI3dgured with a plurality of illum nati 86TR6AVRHO@E3i on
assenblies and a plurality of pressure assenblies. [0017] The illum nation
and detection assenbly and the pressure assenbly may communicate with the
feedback unit over a wireless network. [0018] The detected signal nmay be a
phot opl et hysnography (PPG signal. [0019]1n sonme exanpl e enbodi nents, a
met hod for detecting a physiological signal using an optical measurenent

devi ce cojgppgfes: ihl 4hiRalekampRe RAMbodIMedts,| theragist iowgedf am optital and
detecting transmtted or reflected light as a signal using an illum nation

and det ec%,'ieggw%?ﬁ : ld%bicge%%Wrig&garhrﬁ”mH 'né%fonprac'fﬁis%é?e&m | & ebly he

portion o Fving tissue o e user to the illTumnation and detection

nbl ' d ' 1VA | @t ' f
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feedback related to the correl ation toai_he user usi n% ablf eedrﬁack c}(;nit. -
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[ 0020] Thetrarsmttgdner, refiecier ol 8% St akn 2 NEPEYE: 8 QIO whet her
t he amount of pressure being applied to the illum nation and detect.ion
assenbl y deteat an issnaunt @6 pegssuepapnliedhto thetibyminaiign i%‘éﬂ%ﬁ%ﬁtﬂ%ﬁs&m{é a
range of optinmal applied
by the portion of living tissue of the user; and a 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.
[0009] The feedback may be an indication of whether the user should
adjust the amount of pressure being applied to the ilumination 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 to 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.



pressures along with the actual applied pressure being applied by the user.
[0022] The method may include providing a range of optinal applied pressures
al ong whiwh 20/09e$ponds to a state of zero transnmural pPEISGRE12/0P@O23] The
nmet hod nmay include requesting the user to increase, decrease or maintain
the applied pressure. WO 2012/099535PCT/ SG2012/ 000003 [0024] The met hod may
i nclude displaying a real-time visual output of the detected signal and the
detected applied pressure. [0025] The method may include providing feedback
on a display of a conputer with a processor and a nenory. [0026] The
i 11 uni nat jgpRepnd defiRet hoHaAs Sasfty . mdlye weurconfigarsth| wittand plurality of
illumination and detection assemblies and a plurality 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 optical 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; 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.
- [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.



feedback unit may be integrated into a portable device. [0027] The portable
device may be configured with a plurality of illum nation and detection
assenbl | e¥O2R/@IBPural ity of pressure assenblies. [0028BLTSG20m00043 may
include w rel essly conmuni cati ng between the feedback unit and the

illum nation and detection assenbly and pressure assenbly. [0029] The
detected signal nay be a photopl et hysnography (PPG signal. [0030]1n sone
exanpl e enbodi nents, a conputer program product is provided for detecting a
physi ol ogi cal signal using an optical measurenment device, the conputer

program D@QM t embig RiIEH AhayORBIUEE [disphAfiPh e BREhENIAR o of¥eeut ed by

a conputel wiih a processor and a nenory, perfornms the nmethod conpri sing:

i1l um nat @%‘%C%dg%ﬁﬁdg%“g%e hgy%C@S%%%@g?r?%ﬁ%_yser and detecting transmtted

or reflec s gnha um nation and detection

assenbl y; cting-an ampunt of .pr u [ t L f_living
ti ssue of [q?ﬁ'gfuser l?)e {'H%RPBI rﬂ‘fﬁ’n‘ﬁ?@é% é@&ﬁgﬂ Eeﬁ%b%ékagrgeams@ﬂ;g?rael ating
the quality of the detected signal with the anount of applied pressure; and
provi di ngCPBRUEA M APIRCEFSAANIRMETOY) ation to the user. WO

2012/ 099535PCT/ SG2012/ 000003 [ 0031] I n accordance w th an aspect of the
present i[0A261i on, Theillimisation and «dptactionpasseamblye REASSHIR ABSBDIYcNd
conprising an illum nation and detection assenbly configured to output

li ght to feesbatkueit paytheintegratedistera portabledevicenent and to detect the
output light transmtted or reflected fromsaid surface portion of the user
as a si gnpio27f pr eskhy eparssistebdgviconimayurbed donfigetexttwidin ampluralityf ofr essure

applied to the illum nation and detection assenbly by the user; wherein the
anount  of jprfsdtiohandedesttsh assepatilivtlandaf ploeilingousredsae dssediblies.
information to the user. [0032] The illum nation and detection assenbly and

pressure g8l Y 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 optical measurement
device, the computer program product embodied on a computer readable
medium and when executed by a computer with a processor and a memory,
performs the method comprising: illuminating a portion of living tissue of a user
and detecting transmitted or reflected light as a signal using an illumination and
detection assembly; 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.



may be integrated into a single portable device and a feedback unit may be
further provided separately. [0033] The pressure assenbly may not

subst ant i \&PI2P124¥PBFmM or di spl ace when in use. - [0034] TRETHEHWCHMEY be a
refl ectance-based device. [0035] The illum nation and detection assenbly may
conprise a red light emtting diode (LED), an infra-red LED or both.

[ 0036] Sat uration of peripheral oxygen (SP02) information of the user nay be
derivable fromthe detected output light information fromboth the red LED
and the infra-red LED. [0037] The optical neasurenent device may further

conprise go0agp! i nginnasdRdansenitguae caspect obuhé iprgsent imveatidrel these is
configuration to a personal nobile processing device. WO

2012/ 0995 3pfidddS@P 1eptieaP dH8asurement device comprising an illumination and
detection assembly configured to output light to a surface portion of a user for
measurement and to detect the output light transmitted or reflected from said
surface portion of the user as a signal; a pressure assembly 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 (SPO2) 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
rel at ed tWORhE/WH¥3Sel ati on to the user. [0039] The il | umPRALSIGAN240e)03
detection assenbly, pressure assenbly and feedback unit nay be integrated
into a portable 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 cat i ofpoa] Whet here tdRIbHEICUNR M4y Be 2dhfigliretilte corfibIé teé qRaktyBitRe bei ng
applied to the illum nation and detection assenbly. [0042] The Teedback may

di spl ay ayL@nae QlonaPYiilRin@RRhbG Bf SHENEGSHrRSANE ¥hd NorolRleafddi®acrPp! i ed
g2l il the, { GERYT

pressure berng ap e user. The range of optinmal applied
pressuresrerig%dqgQhreeé(g)r%]gtiénotoathattgte? of zero transmural pressure.

[0039] The illumination 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 may 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.
[0046] 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.



[ 0044] The feedback may be a request to the user to increase, decrease or
mai ntain the applied pressure. [0045] The feedback may be a real -tine visual
out put ofwoheidebvsst ed signal and detected applied prespursc2Rdd@pIhe
feedback unit may be a portabl e conputer including a processor, nenory and
a display. [0047] The portabl e device may be configured with a plurality of
i1 lumnation and detection assenblies and a plurality of pressure :
assenblies. WO 2012/ 099535PCT/ SG2012/ 000003 [ 0048] The il lum nati on and
detection assenbly and the pressure assenbly nmay conmuni cate with the

feedback o) Over theM filgh@estionetaMr Kdetection assembly and the pressure
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.

[0054] The measurement device may be a reflectance-based device.
[0055] The illumination and detection assembly may comprise a red light

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



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

[ 0050] The personal nobile processing device may be one selected froma
group coM¥PRWO12/1Y9BH a nobil e phone, a smartphone, a per PEMARIG20M29D045
assistant (PDA), a nobile nusic player, a tablet conmputer, 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 neasurenment device, conprising illumnating a surface portion of a
user for neasurenent and detecting transmtted or reflected output |ight
from sai d[0986] ace phhHd nwthad nidyefurther campese idgnaingusataatian of Ipedpherl i on and
detection assenbly; detecting an anount of pressure applied by the user to

the il unpRajenQSFOE iARRGLOR Of BReSESE fiorh 3hé BefecRsP 8 GtpUEIigittiRfIAnation
assenbly; wherein the anount of pressure detected is capable of being used

as feedbaﬁgmisﬁtmﬁ@éﬂg%ﬁa%nmﬁe USEL-re I?é)é?] The illumnation and detection

assenbly and pressure tection asse y may be integrated into a single

Pon e RSS2 ut KRG iy e b G0 EBAMAEARR 18 Ve,
e b 2ol oSt imBle HpcBohy B, el ey e
emtting FOiO%g]e (LEQ?‘He %]etirlgérn%-a{l efgrtrITeErD cgrrnp?igtehéorrelating 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.
[0062] 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.
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WO 2012/ 099535PCT/ SG2012/ 000003 [ 0056] The net hod may further conprise
deriving saturation of peripheral oxygen (SP02) information of the user
from t he Weterywes3dut put |ight information from bot h t h@CTSG20EDNY t he
infra-red LED. [0057] The nmethod may further conprise coupling a coupling
menber in a cableless configuration to a personal nobile processing device.
[ 0058] The nmet hod may 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
met hod nefp0B8] t her Tramlunsratiorouhdi dedectioni askerably oprdssutdr@ssamablyoanavhet her
t he anobunt of pressure being applied to the illum nation and detection

assenbl y flaaphék et Adlywe iftbgraaGRbdpoasibedvizay further conprise

di spl aying a range of "optinmal applied pressures along with the actual

appl i ed piopgsfr e betdd sRdIedqBYict Nad{S®e configured with a plurality 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.
[0070] 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 signal using the optical 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.
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[ 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] Thewoedg@93¥ay furt her conprise requesting the us@CTSG20NMPEASe,
decrease or maintain 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
conmput er including a processor, nenory and a display. WO

2012/ 099535PCT/ SG2012/ 000003 [ 0065] The il lum nati on and detection assenbly,

gre_ssure fooyapbl y ankk firedinatdn Whdt derytite dsserpinbed prissu@ dotectibh e
evil ce.

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 (SP0O2) 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 correlation 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.

[0077] 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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[ 0066] The portable device nmay be configured with a plurality of
illumnation and detection assenblies and a plurality of pressure
assenbl i 880 2p0BTI3Fhe nmet hod may further conprise wirel 83ISE2¢130043 cat | ng
bet ween the feedback unit and the illumnation and detection assenbly and
pressure assenbly. [0068] The net hod may further conprise correlating the
quality of the detected signal with the anount 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

uni t. [O00fj7Be det Thé estcebetyl magybbeintegriit afthehdy 10081 casing (fBP@e si gnal .
[0070] I n accordance wth yet another aspect of the present invention, there

i's provi dggrs%n%PﬁBBﬂé‘brdc%@gﬁ@o%vi&@di um having stored thereon instructions
for instrticting a processor of an optical neasurenent device to execute a

met hod f OL%&@gect | ngy, nget%ﬁsgﬂngpﬁ ggor%%gﬁg'dev@er}ga;t be oﬂ@tée‘?&!te(;f‘ﬁgﬁ*ljé ement

devi ce, t thod conprisin a surface portion o user for
measur enent and det.ecti transmtted or r t t put,. l.j from said
surface pgqupoﬁorbsfs"{"ﬁeoﬂgé’?o%@ %h%qegr%?maﬁhéﬁéngﬁeﬁ)%ﬂ%xgﬁ'@ﬂ%ﬁ'a{%' tection
assenbly; detecting an apoynt of pressure applied by the user to the

i 1l unm nat (%‘HAbr?dmﬁgtl%mqsﬁrﬁl%%%’eﬁﬁgveﬁ%‘?'ﬁﬁuﬁgﬁ %‘%‘g’BP%aaaﬁe’@man assenbl y;
wherein the anount of gressure detected is capable of being used as

f eedback [Q08ddnat i oAddionalasgeets.relajgs pthe ipveniipnpetl/becset forthdmped in

[0071] The illum nation and detection assenbly and pressure detection
assenbl y theyddseriptior suhitthefdllows.card ini payt willdes apparentiiomdbe dlescaptiare dback
unit may be further provided separately.
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 understood 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
inventioh 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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[0072] The pressure assenbly may not substantially deform or displace when
in use. [0073]The illum nation and detection assenbly nay conprise a red

| i ght enmwODi20p/@bs3de (LED), an infra-red LED or both. [@0TAGRe/owbhod of

t he medium may further conprise deriving saturation of peripheral oxygen
(SPQ2) information of the user fromthe detected output light information
fromboth the red LED and the infra-red LED. [0075] The net hod of the nedium
may further conprise correlating the quality of the detected signal with

t he amount of applied pressure; and providing feedback related to the

correl ati @BSBEpt he M??tzhﬁ%rﬁﬂuét'ﬁ:ﬁl drESIERRAle Hﬁ'lbé wavefGH 61 ine ppeodagce with

yet anot h ect (0] e present I nvention, there is provi ded an accessory

for a persona cessi ng device, t he accessory conprising a
pressure %%%&%PS} ﬁ?qoé'g'r ed to detect an anount of pr essure applied to an

devi ce oyloB86lr T ace or SO BRSERIRLES! 7 SIosRRePE AL ADIOPB TR Bosur e
assenbly may not substantially deformor displace when in use.
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. 6A 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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[ 0078] The accessory may be renovably attached to a casing for the personal
nobi | e processi ng device. WD 2012/ 099535PCT/ SG2012/ 000003 [ 0079] The
accessor ywomy1e9isat egral |y attached to a casing for thecpscaenabosdbil e
processi ng device. [0080] The personal nobile processing device nmay 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] Additional aspects related to the invention
will be set forth in part in the description which follows, and in part

wll be ﬁfb%%gg”t frﬁ?s”b?\%‘ﬁﬁ%%ﬁh&&&te fQ@d’baiQ‘ii’(ZléglﬁrQ@& b @rftdRe of the

I nventi on: ects of the invention may be rea and attal ned by neans

of the elenents.and conbi nations_.of variou

b 1 cul aiRgon B S oY i ceRBes B Wi A S MehuaRentIeaEE 2d 4 e
appended cl aj ns, 0_082th i.s to be,. ur}derstood t hat Boit’)ih t he foregoing and
the fol | o¥#8f§ Riesactiantnerewith, acearding t9/an SXRMRIRH RBPAMEYni y and are not
intended to Iimt the clainmed invention or application thereof in any
manner whi9094kver. 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 portable device integrated with an optical

measurement device, according to an exemplary embodiment;

[0096] 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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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0083] The acconpanyi ng draw ngs, which
are incorporated in and constitute a part of this specification, exenplify
t he enbodwornizoefsst he present invention and, together wcirisGRie/000003
description, serve to explain and illustrate principles of the invention.
Specifically: [0084]FIG 1 is an illustration of a photoplethysnograph
(PPG and the conponents thereof, as is conventional in the art; WO

2012/ 099535PCT/ SG2012/ 000003 [0085] FIG 2 is an illustration of an AC pul se
wavef orm of the PPG as is conventional in the art; [0086]FIG 3 is an

|1 ustrat h@RaRTfirgef '18S8eRef thObiGdd prédsupd dfeﬂﬁaehumn Fccbaingtb eomal

pressure Is applied; [0087]FIG 4 is an illustration of the cross-section
of the blg)pé?nﬁflﬁﬁrg@rhbodlment,
[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 signal,
according to an exemplary embodiment;

[00103] FIG. 19 is an illustration of a sequence of data coliection 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 measurement 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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when a high external pressure is applied; [0088]FIG 5 is a graphical
illustration of an anplitude of a PPG signal received during increasing
anount s OVO@R2AM9PEP pressure in a state of zero transnmuPEIl/SGRERHN0E3

[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 iljoen0gpt i orFignd2desheivson aseplifidd exeinplanr aeprasentitivec tcironit
assenbly of the optical neasurenent device and a nethod of use with a human

finger, agdgamtOfdl bpletetifig®4e PrbA-a st osH ,ddVO4hFlae ekamgiaist rat es
a graphi cal “conpari son of a graph of neasured voltage of a PPG signal over
E: x; as iémggéim.onds to a graph of an applied anount of pressure over

[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.

[00111] 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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WO 2012/ 099535PCT/ SG2012/ 000003 [0093] FI Gs. 9A and 9B illustrate a feedback
unit, such as a portable device with a display, in connection with an
optical mweurxmesss device and a user's interaction therewmschyi2ao@os di ng to
an exenpl ary enbodi ment; [0094]FIG 10 illustrates a graphical user
interface (GJ) on the display, including a graphical representation of a
PPG signal and a graphical representation of applied pressure, according to
an exenpl ary enbodi ment; [0095]FIG 11 illustrates a portable device
integrated with an optical nmeasurenent device, according to an exenplary

enbodi rreng Wﬁgﬁ]ﬂg‘c IPTigN ustrates an optical neasurenent device

I ntegrate a touc screen di splay of a portable device, according to an

exerl aryy apfiogi menj, (OS] Fl Goc, 1AARNGCLAR Il UShicARoa R Al Ge devi oo

connect ed neasurene devi ce conflgure scape
orlentatlon a ser's - ter

O R adapk s S BTG e AR BB RAR R STP o
wth a fully herein, the device comprising a pressure detection 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 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 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 memory or an electronic 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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plurality of optical measurenment devices in a |landscape orientation
user's interaction therewith, according to an exenplary enbodi nent;
[ 0099] FI Gso 202A9933d 15B il lustrate a portabl e devi ce i nregrsabedt/ovotnh a

plurality of optical

portabl e

devi ce, according to an exenplary enbodi ment; [00100] FI Gs.

and a

measur enent devi ces |ocated on a side portion of the

16A and

16B are expanded view illustrations of an alternate enbodi ment of a method
the optical neasurenent device with the hunman finger to detect

of using

t he bl ood pressure of the hunman,

[ 00101] FI

according to an exe

gr aphi cal

Bsuif. i‘l“f\eaa%)ﬂmfnigi Q@Bé‘r@éﬁ iﬁaﬁ%%ﬁgfﬁbl TRARHG IS o@'?ﬁf@%al

ary enbodi nment; FI'Gs 18A, 18B an

according to one exenpl ary enbodi nent;

C are

i rect “cuntaniiiRb icrCHR sl B dhe e Bl ool Mo R ERBRIP b SRR D
DT ol A Acansienad, comeined b2 M SlheRuBE HEMGGally. 121 2

[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. It 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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during the process of obtaining the PPG signal, according to an exenplary
enbodi nent; [00104]FIG 20 is a flow chart illustrating a nethod of

measur i ngwdhe12ReG3si gnal on the optical neasurenent deviece/seingodoeedback
fromthe pressure detection assenbly, according to an exenpl ary enbodi nent;
[ 00105] FI Gs. 21A, 21B and 21C are graphical representations of the

correl ati on between a PPG waveform and an applied pressure, as would be
used in the nethod of nmeasuring an optimal PPG signal, according to an
exenpl ary enbodi nent; [00106]FIG 22 is a block diagram of a conputer

Syt e U] 1 S RHIE S, R0 I oBEc T R0 P e 10 Lo
1St 880 A GSHBFY B B G AR oot o

2012/ 099535PCT/ SG2012/ 1
repr esentg?src\f@eé glintrggs 23 Jtolr?tooti,3 e'f:t %y c%lrlnguqer coéj‘e \rl’rv.ﬁlI bé aSSre%%‘a‘?QE ary

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 sequentially. 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 include 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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di agram for inplenenting a piezo-based sensing device in an exanple

enbodi nent. [00109]FIG 25A is a cross-sectional view of a cantilever type
opti cal MEOO2E¥LTIE devi ce i n accordance with anot her eRbddGAREN00A0SC| 0sed
herein. [00110]FIG 25B is an expl oded view of the optical neasurenent
device of FIG 25A. [00111]FIG 25Cis a sinplified view of Fig. 25A

showi ng only the main conponents that nmay be useful for transm ttance and
sensing of an exerted force. [00112] FIG 25D and FIG 25E are schematics of
an exenplary cantilever type force application. [00113]FIG 25F is a

per spect i personeskilled ihlthe witwillsurdiersténd iteatttha@ expaipta brblodihérts Paecds@and t he

top portion of the plastic housing of FIG 25B. [00114]FIG 25Gis an
expl oded Wi @ppRInEHIEd B85 ORBIRARY ofHHI@Wh AN Sbftware modules.

[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
implemehtations 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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the optical neasurenent device disclosed herein. [00115]FIG 25H is a
cross-sectional view of an assenbl ed optical neasurenent device of FIG 25A
at vari ouwol2eialegsssef stripping to enphasi ze the struct ureTsiG202®00003
transparent plastic piece. [00116]FIG 251 is a cross-sectional view of an
assenbl ed optical measurenent device of FIG 25G at various |evels of
stripping to enphasize the structure of the opaque or substantially opaque
pl astic piece. DETAILED DESCRI PTI ON [00117] An optical neasurenent device
for obtaining non-invasive physiol ogi cal neasurenents and met hod of using

the same jop96PCr 1 GEHIEPT R tf\é'déécg@t‘idﬂ Reret!8h& int SlighPBs uSéd BiefeiRli€SSUr e

detection assenbly configured to detect an anount of pressure applied by a

body part, of ngwuégEr}t%ﬁ);%%?eiﬂgéégﬁﬁod%éﬁégaﬁ@% 98{ i(i)ﬁ:\f{%d 15 i1 Tt onyﬁen t he

user appl'ingg pr essure e opti cal “neasur enent

device, the resultipng signal -to-noise ratio of the. cte '

nmeasur emeﬂ?e E‘?r@'hé'ghg%? ‘E%cﬁﬁ"crﬁ&g%'b',nc 'huWr%Otg%'Efgaﬁekﬁégg@&@ﬁt si gnal
can be obtajned fromthe user. An optimal pressure can be determ ned in
real - t i mevipipleglighit yaysa ylteavioleftdioht rays %}S’t'i“@éT’egri‘SE{JWﬁent si gnal and
correlating a high signal-to-noise ratio portion of the signal with a

cor r esponf@0n@7hpp! i 6. preddufe 2 Fiecprevigeddarbriedly sleseribe gompanentsnef 3 eedback
i ndi cati ng whet her the amobunt of pressure being applied by the user should
be increaRP@® digrrabas&dGor tmiilitsiratesl ad tgrapbwak | repegsentationopiof cad

measur enent device can therefore facilitate in providing an optinmum
pressure gedteprtHy@irioynash (RRGH siymhal 900 ewbichicadi gerdually be eividechirte byo
obtaining a resulting optinmm neasurenent signal for each user. [00118] The

descri pti @inpEhR&IE. BRYAG ompbrieht ARNIRO 6 ithd BbsBiiionCof lightain purpatilei t Iy
described as algorithns and/or functional operations that operate on data

within a SRGRA Rood eHRIMe ?6sg€n&|ae|9bréﬁ?hﬁorﬁ‘érft°l‘ﬂ4 ca SRSty MIAbsopibR

descriptions an ion operations are usually used by those skilled

o bUEL 89 B, BEB AR ik 9L yEABAE Rk 485 Shpilboedn
| eading t?osa, adn%stllsrs%g absorption 110.
[00128] In FIG. 1, this AC component 102 is superimposed onto a large
quasi-DC component 104 that relates to the tissues and to the average blood
. volume. This DC component 104 varies 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 subsequent 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 falling
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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result. The algorithm c steps can include physical manipul ati ons of

physi cal quantities, such as electrical, magnetic or optical signals
capabl e ovOReI2MYIBPored, transmtted, transferred, conbPEHG2¢BHpe2d, and
ot herwi se mani pul ated. [00119] Further, unless specifically stated

ot herwi se, and would ordinarily be apparent fromthe follow ng, a person

skilled in the art will appreciate that throughout the present
speci fication, discussions utilizing terns such as "scanni ng",
“cal cul ating”, "determ ning", "replacing”, "generating"”, "initializing",

outputti Sr'iphé?.dAtd]@rohi: kfdtcH ah8ris tkualy sesn amdh@secens eatarrotic phase uct i ng
processor/ conputer system or simlar electronic circuit/devicel/conponent,

t hat mani WA@E%?tﬁ&%tﬁmsrfe%@gggh{ﬁgﬁ{ﬁ%sdata represented as physi cal

gquantities w e descr ysteminto other data simlarly

stor :SZET“ f@aﬁ@:ﬁ?ﬁ?%%ﬁkfﬂlﬁﬁae%if@%,‘?’é%%@gé%Eﬁé@“@%@%‘%ﬁ%‘”ﬁég‘iéﬁﬁﬁ on al'so
déiﬁrfﬁiéaﬁaﬁ@ﬁn %f%h&ﬁg%iﬁih‘?}nigfwﬁ &, o007, o151, 588 bR (e
Comput or/ MeaSHESUNtoR. GHoNET 49osi REIGBPRIBMAISPTaabP Lt CORANNa O ur ed by

a conputer programstored in a storage nenber. The al gorithns and displ ays
descri bedPR& signals dypicallyi remsiiest applicatian cof extesa) pressureuPrsr theoRpdY er or
ot her apparatus. It is understood that general purpose devi ces/ machi nes may
be used i gudacowiithcie bsind) mdasutezhc ihagsessureioorrelites to obtairing a ghed
construction of a specialized device/apparatus to performthe nethod steps
nmay be deéhélﬂ?PPG/\Q A0 WGP HGhaGARIY ABIG003 [00121] In addition, it is
subm tted that the gescri ption also inplicitly covers a conputer program

i n that '[od"l%‘t‘igd bepglveqdr, Eﬂ@éxtéhfélI§Ia%9ﬁe@bré§_§,lalré'@éﬂmtﬂ%ed©§(léngb€tﬁ ther ei n

In

may be pu ef fect by conputer cCode. It wi be appreciated that a

| arge var gty Bf ol QUARYTN el RHGIBAFLENYata D RO T GBibrigcl g1 oren:

t he teach erein. reover, the conputer programif
applicable is ngt. limted t ] r f f

o Pt er ont esielRg ind BesSneriofier bl Fissh SR Ela 3 EPRRRTEIE | o,
[00122] Furthernmore, one qr nore of the steps th .er if
appl i cabl BshiFiant exertiop, ?rﬁab%r%ﬁ’ ?ﬁlcog}f%f%(ﬂ%gﬁ%@%f g};}lgf.@_prg%glgggd?‘
conputer programif applicable nay be stored qn ,any co uh&r.}nreadabl e

medi um TRemeaswemant rsilgd3de ethee HiteMMahRICTSYES dﬁéogtIBYvaﬁo 1 PR h as
magnetic or optical disks, nenory chips, or other storage devjces syitable
for inter freisutenagnthand iy PR signalsore/Ataieedl QutsoeanttiyyAs Westratgd
conput er readabl e nmedi um nay even include a wired nedi um such as

exenpl i fi kOFIG 4, ke bpplation of yeo emchoexteinakfoses caustisutiedilerd ¥esset8RBI i fi ed
in bluetooth technol ogy. The conputer program when | oaded and executed on a
suitabl e fepdepcaiidas bt \the Yymeasweient rsiten302 pehiere uthet heessuemn is @ppbedknt t he

steps of the described nethods. [00123] The exanpl e enbodi nents may al so be
i pl ement g A @ @&REdhce of regular blood flow and generating skewed PPG signal
data. If the external pressure is too small or too high, the reaction pressure at
the wall of the blood vesse! 300 is low, and thus a small PPG signal will be
observed. FIG.5 is a graphical illustration of the amplitude 502 of a measured
PPG signal in comparison with an amount of applied external pressure. With a

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

the applied pressure is increased, in range B, the amplitude also increases.
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nmodul es. A nodule is a functional hardware unit designed for use with other
conponents or nodul es. For exanple, a nodule may be inplenented using

di gital owodoeamweiss el ectronic conponents, or it can fororsceeniob@os of an
entire electronic circuit such as an Application Specific Integrated
Crcuit (ASIC). A person skilled in the art will understand that the
exanpl e enbodi nents can al so be inplenented as a conbi nati on of hardware
and software nodul es. [00124]1n the followi ng detail ed description,
reference will be nade to the acconpanyi ng drawi ngs. The aforenenti oned

accorrpanyhgg,e%.ay\qwﬂgﬁ th g%ﬁ)&ryég}["@yeas%gré; 'irluc’[‘@éé@st ib@?oﬁ’tﬁ‘da NQRItalty ptit, Fhe

limtation, Specitic e npl ementatfons consistent with

principles of. the, present inventi . knpl enent ati ons are described in
suf fi ci en?"\ﬂ’h&”&’@ld Beaesﬁgtﬁgg"}’ﬁSSsg%Q@i'ﬁpg'?ﬁ? g'the art to practice the

invention, and it is to he underst t hat her . i enent at i pns be

it zed R 3%hat sTe oDt A SuRAAGISCaHangy e mdsTRl PRLG sHaoRY

el ements may be nmade w thout departing fromthe scope and spirit of present
i nvent i onsuffinient &0 |nBiRiMige deansmal peassuretSUsh that the sxierpak Prefsiure ds pe
construed in a limted sense. Additionally, the various enbodinents of the
i nvent i oneqsaldedbe iinfethahpressurd. npughemillesfratad im&1E o s afranae HR4rvdthininni ng
on a general purpose conputer, in the formof a specialized hardware, or

conbi nat i pIhgef B wWHdreane applituder ofithecPPGaOGrd fis at ithpehlbl Withinghideaogé pt i on,
it wll be appreciated that the optical measurenment device described can

be, but igo#0in bkiEriAK-dpdlied préddurs isietarhasaslisipbalanes® withdheiisterndin sone
exanpl e enbodi nents, saturation of peripheral oxygen (SP02) infornmation of

a_user iSaﬁgﬁ.IV&QEQJJE{E{[?S%%E%\%M&‘E@% of z8fY traRdrAlR PressUré OMtbadre a red

LED and an Infra-re In so exanpl e enbodi nents, the neasurenent

Lo o6 EahsiRG Pregsudl 1R CRRRAI Yl SrePElIBaGRY dﬁ%?}qegﬁggﬁ%%h tdevi ce.

[ 00126] Fu sScription herein, the term as used herein
is meant to be interpreted in a,brgad,sen [ ty Li o LSible
light onl §NaRggk 8 | %’Pﬁeq”&@'&sg'be s °eﬁ’°@j£’ge i"ﬁgﬁ'ﬁd’e‘% %ﬁ%ﬁ%stdgc}ﬁél i mited
to, X-ray light rays, visible |light rays, uItrav{g?I et Ii&?}[ rays. and
i nf ra- r edMeagHred eaion pibaotshange ang, Gap ke aculpley, MRASHERY 1P 7y
descri be conmponents of a PPGsignal. FIG 1 illustrates a graphical
r epr esent gepdauality £RShsigegl-et hysmogr aph (PPG) signal 100, which can
generally be divided into two conponents: an AC conponent 102 due to the
absor pt i ofpQ#33]i ght Ini an pexesaplatye embagimant, Bhe ceressirgnassenably aagsisds oo
conponent 104 caused by the absorption produced by non-pulsatile arterial
bl ood - i aehieviagoaid phainiirdnghrc aptiahmpyesdue dod ©8taising an sptisuadIEGt i on
110.

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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[00128]In FIG 1, this AC conponent 102 is superinposed onto a | arge
quasi - DC conponent 104 that relates to the tissues and to the average bl ood
vol ume. TWDoDMegsssponent 104 varies slowy due to respiPCRISGaOL2/00@SH MOt Or
activity and vasoconstrictor waves. Wth suitable electronic filtering and
anplification, both the AC conmponent 102 and DC conponent 104 can be
extracted for subsequent pul se wave anal ysis. [00129] Two significant
characteristics of the PPG AC pul se waveform 102 have been descri bed and
are illustrated in FIG 2, where the appearance of the pul se wavef orm was

?ﬁlfai Bﬁ?sg‘?f ‘fé}%ﬁi@@EE‘?%%%’@!}’a%@rgé‘ﬁaﬁ%ﬁfsﬁp'??‘?‘@2%‘#3 b{‘ﬁ%&?%ﬁ‘e??%%”eiégﬂe 3?‘%: e
ul s, dnd &S SCORY Caracrot Tt i .
Cecond pritesaEdsien it g fef beCitirort RRSERERR SLbf b ehradtlr 7 "

periphery. A dicrotic notch 118 is usual(gé ?See.n in the second catacrotic
phase 114ight detagted isdnsifficienkion Qtgin &99Rd BRE 8i8Pak i es. [ 00130] As di scussed,
the acquisition of a physiological signal representing a change in the

vol ume of [08134} gan Inronehexemaiant Brhegimente the device gpay @gsishinBiavidiagt i s
known as a photopl et hysnograph (PPG . Obtaining optical PPG signals

t ypi cal | yfeedhack tsthepyser oadicatingofhetheethealsqsis applymgdnsuffieienbpressuief ace

whi ch is being neasured. The pressure correlates to obtaining a good

qual i ty Pido raugh pressuid ontid gdrredt gmadurit @f poesstire afThe. fegdtdckifoHbeaiser, t he
external |l y-applied pressure cannot be too large or too small, or the

qual ity ofayhse drtiscéresudidsy & tieaforiv ofl a RisuaPYisplyT orex@iplessoumds] hhdist r at ed
in a cross Section of a blood vessel 300 in FIG 3, in the event of an

I nsuf ficigag ﬁ?ﬁ@édléﬂ’g}‘ blfa SPéH’aZrkgl)thECréﬁﬁtirﬂé POERAG P4 Heind BhstuRaY b9|rtﬁ@” al

pressure at asurenent s 2, the internal“pressure is too' lowto

bt ai . .
cont r ar y, SEEF] TERHAGRR ey o ha" ficke Sufipflen dLfiap abafly whBer®
f t he bl el 300 to b | uded f it
302 wher cereses bRulif BE S Bp P dtereRes oy Frried e aeebiCotERSeRlhar of oo
fl ow and generating skewed PPG signal data. |If t(&% ﬁxter{)}al &rgssur is too
smal | or eRRfied tgihe druice claanathersmaredimentthe feedpack mgy bain hedgiMPlssel

300 is low, and thus a snall PPG signal will be observed. FIG5 is a
gr aphi cal tactileufaedhacik whereim ¢hex dgyice rredsees 6192 salluyibtatiopaveeg die i n
conpari son with an anount of applied external pressure. Wth a | ow applied
pressur e applreahyesgyretinat ampptimudera®@e. i s correspondingly low. As the
applied pressure is increased, in range B, the anplitude al so increases.
However , - [g0435] he appérmpldnpembsdineerits deserstssi bergimseek toeproside pdevice t he
anpl i tude decreases again, as shown in range C

and method capable of augmenting signal to noise ratio in an optical signal of an

illuminated region at a measuring site of a body part of a user. Exemplary

embodiments also provide for detecting the optical response formed by both light

reflected from the measuring site and the light transmitted through the measuring

site. Exemplary embodiments described herein utilize redirecting reflections of

light on its way towards the measuring site (i.e. blood vessels) back to the region

of interest.

[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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[ 00132] To obtain a strong PPG signal, the external pressure should be
sufficient to mnimze transnural pressure such that the external pressure
i s equal wontr9psssernal pressure. Further illustrated iPoTRGE12B00083a range
504 within range B where the anplitude of the PPG signal is at its peak.
Wthin this range 504, an externally-applied pressure is instantaneously
bal anced with the internal arterial pressure, thus resulting in a state of
zero transnural pressure. At zero transnmural pressure, the arterial walls
are unl oaded and the arteries will not change in size. Consequently, the

bl ood vol %’ﬁl}ﬁg%lt 5érﬁ;eet e @%E?&njee%r%%&ﬁ]qnaﬁﬁ:‘yéf.wTF\@%L&%&%Eht RdpeClagnge and

can be ac asur 0 provide a good quality signal. [00133]In

an exenpl ary enbqadi . th ressur se .St S | | ey] and

i mt ai i SR iR G siabaCvE RS U R R AR S eSS R e ver an
ext ended geri od of tinme, Preferabl X} gkgugr oviding real-tinme, instantaneous
feedback Penchmarkfonebtaingan gpigum R @alcan be able to instantly adjust
the amount of pressure being applied to the device in order to obtain an
opt i num PedevigefDvermigMiver ;| the optinum pressure may not only be a result
of a state of zero transnural pressure, but may also result fromthe

ef fects of00ABIYr pt i BIG.abA dlustratesi mgpep&xhmpidry| egitodiment; @it anr apédal i n and
out of a portion of tissue of a user being neasured. For exanple, where the
pressure freab0menaw de¥ide 600, andUTiGe 6Baillustadted anaxpoded yiew ef tizet optided ti ssue
surroundi ng the bl ood vessel which is being neasured. Therefore, |ight may

not travemdalumifetUbievieé 6002 Shavdng Bl aelangehenersiugh ilomirfationodndPPG
signal to be detected. Were the pressure is too high, light my be

absorbed gitedhah Tagéé‘rﬂbﬁtéd& aiph gééﬁs@é"a%%c[ﬁ% ds’blemblﬁeé&%amuisﬁated in

insufficient to obtain’a goo I 00134] I n ‘'one exenpl ary

signal .
b0l Tenicy B, 35 G o St derbBudt QXLANG. B62UC brdsRuld Belétibn

i ndi cati ng Wwh er t user iI's applyirng 1nsu cre essure, too nuch

pressure or _the c ect anount o ressure. The f t may be
vi sual or aﬁ%ﬁﬂ’&é‘rg&f r{“@hg’ef 811%9'8;3 a§; 4 pAolg; §§WQ§E€B%§€%%F%Q®&H?\%@, and
may particularly be a display of the real-tine PPG si | - bej ng ,captured by
t he devi CQ?V%@YOPE%HB&E\QG anoysing !{91&9!@051@ P?‘?'égqs??ﬁpwgpn Wat i ng
whet her the user should take action to_ increase or reduce the amunt of
pressure BeFKg eBpihedipusing BRT ieshewn dividesh dita & tapngrsiNGEAR andna bAgRdback
may be in the formof tactile feedback, wherein the device produces e.g. a
smal | vi bicasingn6@ewith hibeajliphiratiopr and Ldatectioratasaembit BRAnaRRIessure

[ 00135] Exenpl ary enbodi nents descri bed herein seek to provide a device and
met hod capetdotionf asaegnitint 804 esictpsal thereini sdheaintegiatioanofophhe quessirgnal of
an illumnated region at a neasuring site of a body part of a user.

Exenpl ary dgetdedigh "esdemisly S0P with del Mundleatisi idngl tdetectiphi assermnblyp602e
formed by both light reflected fromthe neasuring site and the |ight

transmtt %%Ji@éé’ﬂ%?rpgié?_cﬁﬁﬁéﬁ'ét%lé‘ Gnterdtion FRSE TR @ser. PRAEI SRBSENERS Cthiebed

herein utilize re cting reflections of light on its way towards the

e e, |2 Pladsind defecth OOy o) olifgliedd nbREnO AIOThafs LI HERIhe

[00136] I n"an a i onal exenplary e I'ment, evice may orm a

Zﬁr les of p?éaslsiutr)é te-{e%?loﬁ ta%ggmi)ﬂ/rsff ﬁgesi Hg{ é/}n%'ljoayl s&rﬁw%'?el%&icofoqgé ah§ fbeker m ne
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
pressure detection assembly does not substantially deform or displace. 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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optimum range of pressure for each individual. The subsequent steps of

capturing the PPG signal will then use the predeterm ned opti numrange as
t he benchwarkidm@ps3sbt ai ni ng an opti mum PPG signal. |. Decrse2@eensioew
[00137]FIG 6A illustrates one exenplary enbodi mnent of an opti cal

measur enent device 600, and FIG 6B 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 and

pressure rﬁ@élﬁféﬁ%&nﬁﬁﬁﬁgb oY é@%l}eé’@\yeob 9#@%@8&%. earHRS ogti%élg ?ﬁ%%}ruréﬁ’l@ﬁ?m

opti cal evite surrounded a housin portabl e

use. In the ex ded view in.Fl 6 t he. S/ 14 i.vided into
a top cas ﬁ‘@c%gbBé%ﬁo'é"qﬂg%w s?GFFgengS" u\ﬁltt %t(lﬁggiFﬁgu%Ai’a\?ﬁlgﬁqgg%v%%t ection
assenbly 602 _and pressure detection assenbly 604 encl osea(t“]i therein. The

i ntegratithe BPQ m%ﬂ%@@qr@%év@cm%ﬁU%@%’ﬁéfWBo ewPPHE! HReasyramenL: i on
and detection assenbly 602 provides a sinple, confortable interaction for

t he user . dévice 600 andaerovidas feedhack te dhe useyraacding the amaunt of BEEssSEMpr i ses
non-novabl e parts such that the pressure detection assenbly 602 does not
enpl oy spbeing/ applisti Actondigglynid thiseembodimenss then feedblagk dufitof08 sandve pl ace
when in use. That is, when an external pressure or force is applied by the
user to tpRvilessepifadsl eohi tie apticathrhyasurbmept eesicec6@EThe tilwninaisenbl y
does not substantially deform or displace. The use of a pressure detection

assenbl y 804 defbchioRB8SEhbRBOY By Dedefeiredts! &5 AFPG seAdec kintMdludesna pr ovi de
real -time feedback to the user that inproves the quality, or anplitude, of

th i i . t ' O w ted
W Th a1 ol B B o B T R R  pent cnel & and
preSsur e EASUnSHE bl RAMAEAR-CREHE HeolBASU" BBRRI UF"|,A SAuendy pgovi des

f eedback g t he ‘anount ressure g applied.

Accordingly, in this.enbodi nent, the feedback ' 0 . ayi.ded
separ at el ﬁ*ﬁlﬁ?ﬁ”ﬂ% st ‘?fg%lIusﬁéagﬁﬁg@ltd%g%cs?rée%&%geﬁ%ﬂ]ﬂ@ﬁn‘g{"%r{gand
detection assenbly 602 may be referred to as fa PPG sensoy, ., and @lqlgdes a
li ght soutraesraiiedathepughping: pertiey dlivinggigsuge? e'é‘Po‘H%e’éi'oWE'@BéS FPEECsy) |
where the |ight source 608 propagates |ight through a portion of I|jving
tissue atframthespertinemf lingtissuesofither userHe oneyBrEMPlasY: eHRodieNt 1B det ect
light which is transmtted through the portion of living tissue of the user
or whi ch pressefd deteetibrf assanbbly 604ris agriessureisenagr that detects therameigdof| n one
exenpl ary enbodi nent, the pressure detection assenbly 604 is a pressure
sensor thﬁtesdateemtashéé\beampptie@byprwm ohtite Usxs, wsnasipgdinged bhea body
part of the user, such as a finger. The pressure sensor may be a thin film

flexible prdsalRdsarisor whdy bewthirsinpaiisie priptsbdiralit, Buek asespiszo:basednsi ng
devi ce whereby a resistance change sensed by the circuitry is inversely

proporti Ogﬁlggﬁz%éé;’]stié;t%?ﬁ?é'irﬁq T8, WRBIELGa GBsisthcBeardnye Sevdekeby ltheSONE

exanple e citcuit is a mcro-electro-nmechani cal (MEMS)

S ST P AR Eheb IO B ) sy
S ot PRSP 8 R B Bl

certain enbodi ments, the pressure detection assenbl% of @%g ogtical

measur eme IMENS)i steép nigvedheiess any Qther fores, Byeasudng dpyiep thyt 18 §aRabls e
transmtting nmenber for transmtting an exerted force by a cantil ever
noment t osensing @ncappliedreontactifagenmapdie uset Rrgfrrablyy e RERSSYTEGNIY a
beam | i ke structure supported by at |east one fulcrum In one enbodi nent,
when in usemptises hon-cmavabies paits, pixeschadterapley spdng/elastie foreaandidaessnatuct ur e.
The cantil ever neans nmay al so conprise a mating neans that is capable of
mat i ng Wi slibstafGaT! RAGHI of dispRicewhwh inemes of a housing of the optical
measur enent devicée. The nmating neans of the cantil ever neans may be any
physi cal feature that is capable of mating with the matchi ng neans of the
housi ng so that the cantilever nmeans can fit snugly within the housing.

Li kewi se, the matchi ng neans of the housing may be any physical feature
that is capable of mating with the na%hpg means of the cantilever neans to
provi de secure engagenent therewith. 141 one enbodi nent, the nating 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, recess, opening, aperture and the
i ke. In another enbodi nent, the matching neans conprises one or nore

. . - - - o o -, =




phot odet ect or 2504. The overhead portion 2508 can be a detachabl e portion
that is attached to the plastic assenbly piece 2506. Alternatively, the
over head WOr2012419933508 can be a conti nuous part of the pPaISGRIRYSED| y

pi ece 2506 forned as a single structure. The plastic assenbly piece 2506 is
opaque and substantially does not allow light fromthe light emtting diode
2502 to travel directly to the photodetector 2509. The overhead portion
2508 is al so opaque. However, the overhead portion 2508 conprises access
hol e 2508a for allowing light emtted fromthe |ight emtting di ode 2502 to
pass thropp13spd acipesstdin! emBodifientyrthal pressure detection edsemphyt of thepass

t hrough to reach the photodetector 2504. As can be seen in Fig 25A, the
force tr aeﬁﬁ'&éu M uPBRDR d2ROMAT cBnpRiSE & cHhtitAVe? micankatupied I Rilce haped

cross sectlional area to allow the overhead portion 2508 to rest thereon.

The for ke%@g}gﬁ@%ﬂ%ﬁ%i?ﬁ%gﬂi&mﬁ 57 eREANY H58e PyAR chhfilévé CmbhfenPYsT head

portion 2 ansm ssi on of "an exerted force via a

cantil ever type nent..Fromthe side vi shap

sect i onal {ht?r ﬁfcsgﬁ@%%@'“f’}? &%B?rseﬁ_ge b(éésng%lgbi}}ﬁsggé Eﬁ g¥ atF?t% %a%\l\_gﬁ(? s (for
e.g. two walls) extendi &%’ fromthe bgse such that the vtval S are

subst ant | SirVStuRsYRDoHEd YAt leastione fRlceum. la Qe ¢TRROAIMRNL VRGN N YSe [B8 |1 s are
spaced at a distance fromeach other. From a three-dinensignal perspective,
the for cefulerunsisi dispasgdmatang end obthesbeam-likgstrustire. Ehe canrtleveneans wal |
extending froma base having the forked shaped cross sectional area

descri bedmayo\adso Tdeenprisec unf @ating i aleanal thatais eapabie i efudoaling jwithhed such
that it forms a enclosure around a space on the base (as shown for exanple
i n conponesipRintntaly rratehidigaheaief @ housing ef e opticahaidasoeeméent daviogl. ar
shaped or in any other shape as long as it forns an enclosure around a

space on fthe rhasfy meanstidiehe @ahfidveEMeansirhay deadrsophysical lfeatute dattiie
circunferential wall conprises one or nore gaps to disrupt its continuity

|
but may ngyelfidek atingtvitd tHEmaRkdifeads (P tBe RBLSIhY SoStHBf Mienchrilgieace on
t he base. e to the wall/s extending fromthe base, the space on the base

that 15, SHeRRNNARIGDIIAP Wit s WBYsIRG, BRETRE, 3fe dmafhREEmRane ity I

sonme ot he ases, as a burlt up area around the

space on the .base. The overhe rti 4 . r. S| 508c
that is cbﬂ'b?'ggrérﬁ?yapﬁ P Sé‘%ﬁiégéggé mbtﬁg\%gpéﬁguéﬁ%gﬁgg W'ﬁt{h%r@t%gﬂ i on of
t he overhead portjon 2508 can be inserted into the F‘%{ﬁgﬁ ar . aritﬁ 2506a
within t hE'e3ngfithe gaatipyen MSARS L0 PEGAE SERYIG, FNAROL SN PG d fi t .
It will be appreciated that in sone exenpl ary enbodi nents %ng S

conpl emeneeabpdifeentn thes Mating Upeant FORBTIesy ONER] QLS feailies; sriected fam o
cavity now exists on the overhead portion and the protrusion exists on the
f or ce’ t r attengroup regnsistihg of a[poottUsiPMHFOjeGtON.i @utm@ngrﬁxtqwrs@m@mw@, of the
force transmtting nenber 2506 substantially prevents light emtted by the
| i ght eni whil@gheimatehdgOmehns rodmgriselsi one dir rmaerel features hseledted Jewn dbe or
2509. The force transmtting nmenber is rested on a sensing substrate in the

formof fgrdp 661EsAINg26(L8-holdeslbp Hepreseivny Tecdsts openinge apedureladd dbea
flexible printed circuit that senses contact force and provides the

associ at eﬁkee.' REthbRlr 6mBBaImdR, the MatcMimyl rédrdliconiiRed 8fd 2orvnforéhe

el ectrical connectors at one end of the force sensor 2518 (not shown in FIG

25A.). m%gg@,eyﬁg. btk rBin éhbg%o@@i%gg&%ﬁéﬁgfa?Q&r@é&r%sargjeghb& 5tﬁutﬁ'|%hf?r m

slightly orce tran ransm t orce to the netal

connector 2518  The tical .r r t i | SO..C i

ol ast i o nedemagn 5B ARJIE" WiTE g TAEG AU SIS S oRert oo A B
above. At the top of the housi n,g_ZSl?l, tf]ere quﬁprovi.ded an .

ori ent at i SFlecteddTom 406 Aaum Congisting of AnneiResSioh [ JRREFSSION. TELERNr WA ast i ¢
pi ece 2510 for receiving a surface portion of the user to be detected. The
ori ent at i aperturecantb thaulikardineferablyabeth the matingrmears @Rd MALCREIMEINSpl asti ¢
piece 2510 is not limted to a single orientation at which the surface
portion ofre rsteppart stugtures phatcade Eomplensenibey, taseaohpathed. tlo stharip or a
cuff, the orientation-free neasurenent surface does not require the surface
portion of the user to be engaged therewith in a particular fashion, so

|l ong as the user surface in contact w the orientation-free neasurenent
surface is capable of reflecting the emtted waves towards the wave
detector. As such, the orientation-free nmeasurenent surface is capabl e of
advant ageousl y detecting a 2-di nensional surface. On the other hand, the
portion of the user to be detected nust be 3-dinensional when a clip or a
cuff is used, in order to ensure sufficient engagenent with the clip or the
cuff for detection. The transparent plastic piece 2510 may further provide

oy o o o o v



[00142] I n use, the sensing device 2500 can be connected to a personal
nobi | e processing unit for exanple a nobile phone via the data

comuni caWPa@A129¥PI352516. The user then places a desiredP€HSGACR/D@DHe
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 wth 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 odetector
2504. Theempotpasitectis capliteveheneansinaayt be aparel afctiie dafces itiginainitting
representative of the detected reflected light to the nobile phone via the

data comppingalyi Sy R vERES suéh GREEbORD HRA damiileber Meatisdadd! e fdiee dat a
comuni cat1 on port 2516. At the sane tine, the exerted force is transmtted

- via the J j the force detector 2518. The
force det ggb%ﬁ&%@ﬁﬁﬁ%ﬁ%@gésﬁé@%ﬁ% (%\(f:}?reﬁi%l signal representative of

t he force_ W the citcuit .board 25 . T ctgic Lanal, LS

transm tt@@g]t he 'ﬁlgiroi #]%& p|ﬁO%ecrg%%%%ﬁtéor%itvjévgo%m@%rgﬁlé\gé& l%’?t oé@%@_ The
nmobi | e phone nmay conprise a progessing unit to process, the signals.received
rom the BIEsHEMeR dayiEne RCEAE WHOGMOMRS Sbed BephHe eyl el
conprise a feedback unit to indicate to the user whether the force, exerted
by the fihheopticalirpeasurgrest devige 2PAR coamrispa e WA eavlterdp thedormyeta or
pressure accordingly and once the opti numpressure is detected, the nobile
phone wi | lightiesnitting diode 2592 and agrvave detiestondn the formof atphatodetectoe2b0€d from
the properties of the reflected |ight detected. [O00143]FIG 25B is an

expl oded dispused oh ltke semei ngizdetdl péare (rElabve X5 the Férsingdevicd lemsefanghonent s
are dismantl ed and can be clearly seen. The plastic housing 2514 can be
seen t o bgn 3P dbAecCsLbstriate, avhiom iR theOforSdf4npantedecifeait thoarg @51 2oMhe514b.
The force sensor 2518 senses contact force and provi des the associ ated

el ectri Cabvagé%?ﬁ#tteF AntiNPePvhvE &6 CHidy BOPat 8Pk Miumnihatfore Wetectibs
connectors 2519 at one end of the force’sensor 2518. [00144]FIG 25Cis a
sinplifi er%’e%]ngBYyOﬁrhE' Gubsirte Sé}OB’tiﬁlgdoeilryuitt 'BSaFBa'z@»ﬁOfHPﬂ’:@?fk%o@?;Sc&%% gRy be

useful for ransm ssi on and sensing of an exerted e through a

cantil ever tyvpe it T niil.ev ! nt of
the. col unfPriing o2l enastarb-aRien R RET R0 L bHE RnERucteRby 2604 RIGEE .,
stability and %ari% for user to. maintai.n a cong{;ant ggg i%g force

[ 00145] FI tanggifing pepjher COBPISINGR DERLirASSETLY; Pigfe hﬁ 3N QUeIERdy er
type force application 2530. Conponent 2534 can be taken to be a sinplified
repr esent BOitOA 2908, He arrangedasusit thatdbei plaplic agsembly pPisgeiZrA5 frteRdshe
overhead portion 2508 of FIG 25B, Conponent 2536 can be taken to be a

si mpl i fi ethroegh dbencpaning 2520 heetiveepether digbhiemiting diodec 2508 08ndbithe| G 258,
and Conponent 2540 can be taken to be a sinplified representation of the
force det photodeRsidd 25045 The Sdt.ceWarsniittingemEmiber apgyl be dashoCampessine 2534
t owar ds Conponent 2536, a bendi ng nonent occurs resulting in deformation of

Conponent addemblgNThéetamead ipothict 26084 grovited 1diineehsethe dhemllixmdicag
nonent is transmtted to Conponent 2540 for detection. [00146]FIG 25F is a

per spect i ¥aiagWiigtie ttBesw&ﬁﬁdlﬁep@vehFQighf Hnsikad tht ast hC 2502 Frord510 and
the top portion of the plastic housing 2514a of FlI 25B.
travelling directly to the photodetector 2504. In this exemplary embodiment, the
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 also 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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As shown in FIG 25F, the transparent plastic piece 2510 conprises
protrusions 2510a that are able to fit into the access hol es 2508a and
2508b of wbeomywepizead portion 2508 of FIG 25B i n order pro/ssecizreocasnd
prevent undesirable |ateral novenent of the transparent plastic piece 2510.
[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
25B. These simlar elenents are |abelled with the sane reference nuneral s

exempl ar yPEgARIERGH 2ot ne dFeiitaniElich 2508 Pin BedBeREidk oot Bl c” oo

are the conponents 2552 and 2554. nponen 52.01s g plastic piece .that is
opaque orissaiaehad ita|the plgslicaseam "?ﬁenitzrrfég' ?‘\"&ma%tvglypébé ?Yﬁrgﬁﬁ%) but
has access hol es 2552a to allow |ight to pass through. Conponent 2554 is an
over head pofrtion@508iaqan| kg amntlm@l@\mrh@éth\epﬂ%twoaﬁsgsg{!v gfecei2s06dprmedwever |
conponent 2554 is substantially transparent which can allow light to pass

t hrough. &sir & hsinglepstructuse.ond hes plasticwassémblye pigoso 268 nispapeaus, and e
present instead of the access hol es 2508a and 2508b shown in FIG 25B. The
prot r usi oguBEdIadtRlIgr Goctbhet taflowi light framt the light eemitting eode52802 db traneel opaque
or substantially opaque plastic piece 2552 in order to secure and prevent

undesi r ablgedipt @ e PRUtSIEREIOP 25088 TReaGdrRedd PoRiot52808 lig alol bpdtue.
appreciated that this configuration is reversed fromthat shown in FIG

25F. [00 1‘4@@,% §ié Ia\,gﬁqéad%&ﬁﬁn 0B MAprisdsCytcels Hole 28688 f&dakfiiig NI

devi ce of at various levels of stripping to enphasize the

{1 anspar ol iR siA WERGH o bo 252 o Pas il o] BeoeRiholb e

casing 25 sych that | ateral venments i,n th I fi X and
Y coor di néggal&;}% ai‘?‘ﬂ@Wé‘fF@"b@Hgtot R@s%}?rgugﬁitﬁgéggpgﬁ? héﬁgggétegﬁg the X
axi s being the axis going fromthe left to the right of age fromthe
vi ewer' s gﬁ%-p%‘cf;?’\‘/@? SEEB 1N 551?5%‘58.OFFﬁé’QS‘&HB@PBg“%'HBe'Zé%&g? whelg o
nove downwards along the Z coordinate axis (the Z axis being the axis going
f r om bot t eppearst iophaite ahforkedyshapemncress seclianal arerte Bllew the) ovebgader , the
transparent piece 2510 has a stepped outer edge such that the bottom
surface i postione2508tm rest thereons ThedfotkedTakapsss Ciogs Zgctiona! arearpropEiedi ngl y
di nensioned to only fit the smaller top surface, but not the bottom
surface. $tupilty a6 etheboeahead tpoetidra2§08 drut tatsu facilitates fransmeissioncokdnf r om
novi ng out of the casing surface, upward novenent of the cantil ever

t ranspar egiefbf fiic AW aMieRR dypd troteétuFlorp @se bidevieWVithe faikedrghiapear e
made to nove the cantil ever transparent piece 2510 upwards, the stepped

edge at t?ﬁ)sg bh&i é‘reg_ﬁgyé%t% fga9pRsdd Bage ﬁQﬁH{;%ﬂBﬁhﬁ'é\ﬁ &Wﬁgfbredge of
casing 2514, thus arresti upwar vement fromits predeterm ne

posi tion. This can, - th r aps [ r ] ut of
t he casi nS'QZStM) gﬁﬁgcgﬁtgﬁ{j@é fzz?'IInO\fP/*v%t Eg&%@ggﬁr@ﬁn{;ﬁlﬁéo "%n&a@c%%%%?@%(sgf aul t
pressure, where.n xternal force, is. lied. | t al adj,: , a
resilient pﬁ%‘f@'%"l?ﬁ{ oélge §a§epr':iorﬂﬁ‘ @grﬁ'@%e'@&S’I’eewgll%gf%gs%e?g%eagb'e gtecgat t he
opposite end 2511 b to return_ it to its orih‘geinal confieg ration when a user
exerted déRAngAeh athere Brem @ thieg-gimersionalRerspectivee the fIsRdrangiiting, yr ge
t he stepped edge at the opposite end 2511 b towards the casing 2514 for
engagemenmarkercs2%06 earein fahtbe acgircagerasdial wall extending bam & bage hayiag
renoved. Wen fully assenbled, the fulcrumend 2511a of the transparent

pl asti c pirectorizéd Shdpect crogs asctionahated desaripedaboyet T creymisrentiat wall
comuni cation port 2516, as shown in FIG 25H 1In certain enbodi nents, a
resilient pigaps cntifucaslygomedisughanat ibforptses entloberevaround aespacersptheent

pl astic piece 2510 and the conmunication port 2516. It can be seen in FIG

25H that hge (ALERARM Fitexahbié irf cinB6ReZEb6 6f ME Z4BY Tak diltameadngal t he

comuni cat1 on port 2516 such that part of 251l1a is free and not in contact
with the 1 Ggati r 6 [ 0SS W se
rotation ?\%m&é Ebge @9@%@?-%‘3 gg’s?fel’?i%&’cg&% %%d%lSél)salgbBr%%qgﬁ%@s?%hpi ece
2510 when a force is applied at the opposite end. As the transparent

pl astic piece 2510 can also act as a cantilever, the transparent plastic
pi ece 2510 can be substantially flexi b3@ but at the sane time have
sufficient flexural strength to withstand the force exerted by the user
during a PPG neasurenent. The transparent plastic piece 2510 nay al so have
sufficient flexural strength and/or elasticity to return it back to its
original shape/position when the exerted force is renoved. |In sone other
exenpl ary enbodi nents, the transparent plastic piece 2510 nay be coupled to

o o o B o N o o o o,



of FIG 25G, at various levels of stripping to enphasize the structure of
t he opaque or substantially opaque plastic piece. As shown in FIG 251, the
pl asti c pveee122bdshas a ful crum end 2553a that fits sneghsGatmoddog casi ng
2514', such that lateral novenents in the plane defined by the X and Y
coordi nate axes (the Y axis being the axis going into the page and the X
axis being the axis going fromthe left to the right of the page fromthe
viewer's perspective) are restricted. The opposite end 2553b is free to
nove downwards al ong the Z coordinate axis (the Z axis being the axis going

f rom bot t graibSurk UoPhd haLadh thedaskhh virRwemBodifESBER i ¥Bb-pddemryer, the
plastic piece 2552 has a stepped outer edge such that the bottom surface is

W der tha{t t} E?a.rﬁrérérﬂfatwaT%pgﬁebe%r%wmorigsg% fEaiR ur.tggédm.quﬁgns'oned

to only FIE tThe shal 1 er but not t ttom ace refore,
because t e Iar er om rface i str c LN t he
casing su Y g'l?d\%tﬁa \FZ' c%ri;s@ergg erfegglg gﬁéﬁa’(?a%)na%té %'gce%d t he

default posi t| on. Wen attenpts ar e the can ver .plastic

pi ece 255933 iAHQIL0 t*t%lé’aﬂtse%g%ﬁp'%@g"é’"éﬂ‘? h@s%’p%ﬁsmaéeeq{lj h?5§ dYes with
a conpl enentary stepped e e of casing 2514', thus arresting upward
movenent $ureenndes py B’@W@Hmfﬁéﬂ bSd%QQmQﬁH asTiecess P Hadhentn SREEPHST i ¢

pi ece 2552 fromfalling out of the casing 2514 and can also allow the
measur enecasesi the walisumay doeddéemed s asbulit aip aresy aroygdethecsnase epthe i s
applied by the user. In certain enbodinents a resilient neans such as a
spring cabase Theploedrieadt pertkine @508 edge havet he poptpsiort e2508¢ 2bat3bst o
return it to its original configuration when a user exerted downward force

on it is g&epeatbntd: rgetortﬂhy fece8d ofreavify Sach tHal ahs!pastrisich opthesoverhead 2553b
t owar ds the casing 2514' for engagenent thereto, when the user exerted

force on 5@;%9 Fﬁtyfge%r t&n 8R%ndertetP ints tﬁsrre&@éﬂs omsv.aansoet@vmhrrptretsra%ﬁ&

conpri ses center protrusion 2552b which can extend through an
opening 2 Y and be
i neert od §§4el?ntgl ?gec%l %Oezgﬁgrg\(?pgéag@g%orgﬁti}g@pn%lawslﬁﬁlﬁ%gﬂ%r%ggt%gﬁ%éSe bl y
pi ece 2506 to prOV|

ful crum elNdSYBEEXEHP ?Weergggém%#% ﬂe'ﬁe %m%lgﬁﬁggﬂﬁ gtr%é/ter ﬁ%\% § ca'rthe

sit on top of the copnmuni cati on port. 2516’

certai n effYSHafksHe hat dhg recess dy é‘lﬁ’@he§§ B?Ei ﬂﬁergﬁﬁg’il?é’nb‘?'eggﬂt

bet ween the plastic piece 2552 and the_comruni cation port 2516'. It can be
seen in Fihe presusiongxisthen thefpspriransmilieg Membiirece 2552 i s perched at the
end of the communication port 2516' such that part of 2553a is free and not
i n cont ac[00440h t heThe positiooiagiand trbl@rstrl%llr@ of thgifercealifansaaiting pembesw sone
cl ockwi se rotation (fromthe viewer's perspective of FIG 251) of the

pl asti c pR6os stibSAntibgn peevieats ightseraitiedi leyl the light emittiog idiedes 2602 Aond he

pl astic piece 2552 can also act as a cantilever, the plastic piece 2552 can

be subst aﬂbvatdgydfrécﬁgn o thebphotatetddfors2509.t T e dek@éetrarw‘nﬁlttmgem‘enerensr al
strength to withstand the force exerted by the user during a PPG

measur ene 1 d BR PeaRind sibsiiete Fothe fORH o’#'fér‘ée%h@oﬁﬁ?:ﬂ ciRfordd Sendorl
strength an 7or elasticity to return it back to its original shape/position

when the gxeg tcggg% érr&%ldbe? %%gg}’é?&g)e 8%&48“&@{ i fat SXRSEY %Mﬁ@t”?&%’é gRgts. the

pI astic prece a resi ent neans such as a spring

vvhlchreturnsth 52b kto C rALi on
once the BOYGes Poars<§8°'ia§e(f§§8€'é:3 S tgﬁpqr@ré‘ht%g{;@{ Erg%ﬁdngﬂ ?'éc %r es
present anopn the different co it wll be p t ed that .the
exenpl ar yeﬁgﬁahﬁoﬁ@%@@ éhﬁnﬁg)"!-é;gﬂt@e JQICEnBRNsPT ¢ %r’q% r}ﬂ?asw gﬁﬁ stabl e
assenbly which arrests undesired novenent. This can allow the sensing

devi ce t 02pAveDaerpdts flexihilty omerfemwnt%a&d&ﬁ&@t%ﬁfoeaﬁﬁge%ww" by
reduci ng the nunber of unknown or variable paraneters present (for e.g.
caused bythenfdess transmittirgmembef trahsmits mpfonentosthe metet camestivA&iggdhef t he
conpl ementary mating structures would be that the individual conponents can
be rever spplical aneasirtea®nedetliceaa5601issl conprisescd pidstier housikg &S 1defoai rs or
repl acenent of the individual conponents convenient. It will also be
appreci ated that the exenplary sensing device with its individual

conpl ementary mating structures can b% dapted into a snap-fit design for
easi er assenbly and di sassenbly. [001 V\hl le in the above description, the
measur enent surface (which can be a transparent plastic piece or an opaque
pl astic piece), the overhead portion and the force transmtting nenber
appear to be described as separate conponents, they may in some enbodi nents
be taken to be parts of a single overall functional conponent that achieves
the cantil ever rmrrent when a force |s exerted Theref ore, |n sone.
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for inplenenting a piezo-based sensing device 2400 di scl osed herein, in an
exanpl e enbodi nent. V represents a voltneter, and Rl, R2 and R3 represent a
pl uralitywofoelmeissi cal resistors. Conponent 2402 repreemiss2e2pi@ds- 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, ??(?\%ﬂ'gg %é;ﬂb%&ﬁalzc% Hets QBRG] \7\?‘8\{% )g“@%t %O{S‘igth@ﬁa%g

confi gur ridge configuration sho In a

quarter-bygl configuration. Neyertheless, i ir t. ' an al so
be oper at é%ﬁgﬁh%re%p?mgaeq ar‘|°"|98¥a§ﬂ°"f fet me§§uéﬁr€%ﬁosr¥iggg "tr‘]rg'}ée)fdcr%grr%o%ent s
simlar to Conponent 2402 replacing R2 or Rl, R2 angtiRB {)g‘ségecti velé/. One
or nore firxespasentpipstigpiece fog deceinogsq SHEace PoLiar,o HSRItOaRE » qummy™
force gauges to conplete the bridge circuit as and when desired, for

exanpl e tdetecigdt eTheeotientabion-fiee traggrurament syfafesn tow1fosm Pfodle exanpl e
wor ki ng i npl enentation when the bridge is operated in a quarter

conf i gur atramspaséntvplastic pieGe 2540 iBMatdinsited tooa single weiestaliah atovhichdhe

resi stance of Conponent 2402 with no force applied. R3 can be a variable
resistor §@fald portiense ted uset musfbé plassd Fof flexanipheras semparsidstiooa sliiRl and
R2 are set to be equal to each other. In such an arrangenent, when no force

appl i ed tgr SRuBOMHNbriction-trBE rcasigemiht SRS do8ahbyrdypiranhiedurfabat i s,

the voltneter V indicates zero volts, representing zero force on the

corrponent%grﬁgg:of Wesd ggecérz%ég)gdrlﬂepé@mﬂ fich particaIEP ¢2HWn, 460éng Bk She

resi stance varies, I.e. S or I ncreases, respectively, tThus

unbal anci ng. the, bri.d I : ' N i . ter V.
The r oadi g2 58P RaoBRer WERBH ErefafoRdfed fisds[BARTRuPRol FeE™ 21 1o
mechani cal _ foyce. appli ed on conponent 240 [ 00154] The, pressure, d ction
assenbl y fhye Pi B@ a?'ﬂ'ﬁ@?oﬁ’ggﬁ? r@??@é%saﬁpﬁa]”%?s %ﬁC@Eﬁﬁ .SUEH’ ghg

enbodi nent, the pressure detection assenblgé/ cor}'pr' Se%@% ﬁi ez -batsed sensor
whi ch neagiieriatiethfree gneaswpment gutace, isyaaRAkIg 0 kﬂdV@B 0 ?'Vrfgftg‘i: Y¥afs based
on physical and/or electrical property changes of the material due to
mechani calZ-C&meesignalmcﬁaD@rﬁWalOtg%fnhaﬂﬂs thei@opian pisthggiser terpedetegied
crystals, ceram cs or sem conductors. The electrical property changes can

i ncl ude bmtustibe 3Adimdnisianabwheo actimges cuff is vsadcin arder/to ersyretsiufficignt

resi stance, capacitance and/or generated electric charge of the material.
The pi ezoehgagameansian thnoliper tal eoff ést detoctian. Jiheupanspasestt plastiopieae

pi ezoel ectric based sensor, a piezoresistive based sensor, a

pi ezocapagsig Wﬁ%%%ﬁ_ﬁ'ersﬁwe @h bgitibhelayeh ofxsrapdation, edimeventndisecta force
transmtting nenber is rested on the pressure sensor and transmts the

force appljad.f Qrgj(; ?%ﬁ\ﬁg@.ﬁ; e P‘EﬁléHt? ?hé?d?fé?éctw. el a‘féﬂ’ﬁ%lgrattb Frevent

di spl acenent or tion o rce transmtting ne

[ 00155] Adyant 0 ] r L i alled in the
opti cal  miaS A EraHEh Haukles R RAr eI R Re SRMNY deDREE, 0, Cral |
conpact ness, us, allow ng the siz f the tical sur vice to
be kept afo%a?numﬁ‘fh}'s eﬁ?‘%ﬂbqq%ryl E@Oaﬁ%" aﬂ@%to %cglnrﬁ?%as['ﬂr[l?rggﬁt;gg%\é n such
enbodi nents, little or substantially no di Sft?l Zcemer?t 8r def or mat iag.n may be
requi red 2500 asAueRMRFHSEY @USAHRINGSHAMBET #7 the donm, gf 3 data, peramupyigation o
beneficially reduces the amount of sgace W thin the neasurenment device
required port 251Gwelegrically govpledctmdhe printgdr sirewit ikoard 0284 eTHe sda Even
nore advant ageously, as the noving parts involved are reduced, there may be
| ess wear camehunicationfpdrh2516isecapmbles offransmitting elestrisial signalsdagindgrame |ife
span of the device. [00156]As illustrated in the exploded view of the

optical naRsyéRimg dediee 280, Mhe! data @dmrhbeicaties porte2SkBnisaals® @apatig dfe
positi oned bel ow t he PPG

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 user's finger 612 is

transl ated through the PPG sensor 602 to the pressure sensor 604. The
pressure woensm9s34 then gathers and tracks the externalpcioGeeeseos ed 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 nobil e processing device.
The feedback unit 606 may be a conputer including a processor, a nenory and

opt i onal lé‘iegtrigélﬁp&gﬁvgc?éd &éméHﬁérﬂgrsugﬁ%%rthlg‘?@hpéhﬂ%g"idﬁcmer 2507 gnd | G 22.

The feedback uni't recetves a PPG signal and pressure neasurenents from

the opti P@{Ptgﬁ%g%ggﬁégq%é&g 800, seyp tenporal ly correl ates the PPG

signal w surenments 1 n order to determ ne an opti nmal

amount of pr ure that provides an opti PPG_si gnal sh in, the
conpar i soW%ﬂ’g%Ssi grlB1UsGy g’ﬂﬁ] %ﬁ?’ngn#vé‘%pkg& cspg’ges &ggns?tggﬁtog'fl\)?gpﬁqn%hst r at ed
in FIG 8 and described in nore detail bel ow 001%8]Jhe f eedback .unit 606
may be proebtraragessing unikior gxample ajyobile peene, Vi the0PAEEMPHUNIGANODHE  The
di splay 614 may provide visual feedback to the user in the formof a

gr aphi cal pars @8616.nthe fiserctheanlacasua degiredsuiiaca: toske getenied; fof axample PG
signal. The visual feedback may be a real-tinme display of the detected PPG
si gnal 61fingen, ohéd thddrarsparerdnplastc piedey 2640. Lighteémitad &ony dheilight t he
anount of pressure being applied to the optical neasurenent device and

adj ust t hemanmy iodd 2B0R StFaveds Whioubh atheoatdess MidIBR508nandi tovairdpltllyed. The
di splay 614 nay al so provide a real-tine graphical indication 618 of the

pressure mﬁ]é?gsu?faeé irEContdBEwith BRIt aRlpatempiasticiriSce 251 MeTHpomited lighessur e
may track the PPG signal 616 on the same graphical display (see Fig. 21A

oo 8, ChoPR M e e s s acbbishoe s gt oL

bar 620 positioned on one Si 0 ye signal, as illustrated
in FIGs. 9A and 9B. T S ﬁ%g(ﬁq 0 ixng.0n the
anount of QP’WQ% tﬁ%l?fb"@%@%?@g %%‘he u er‘_((?fer%g@g??k g%b%rﬁg'%?‘ ?mt'tgeaﬁser
identifies an optiml PPG signal .in qrde 0 det erm.n et her the
di spl ayedelegtica ?'ﬂ%naF‘P%reasreﬁ veéaiéh%aﬁfjeagec{ E%IFS{%H!Q L %emo%% pﬁf)g%l ayi ng
t he detected PPG signal 616 and possibly the pressure status, b 0, the
f eedback Vigithe siaéa camayinigation Part 2646 c shHoN&L %ﬂwtb%f”%‘é%gfﬂ’g%? hat
provides an optinmum PPG signal, as the user is performng this step
manual | y dgtazeanpenicatiohpodi25i 6 aftthereme figiea thesexeriatiforek isiansimitied nent s
wi t hout guidance by the device. FIG 9B illustrates the feedback unit 606
and t he opiaithalplastisassembly pikoe 28065@0vards dipe ferce aletectne 2618, Theeforsef i nger
612 is positioned on the optical neasurenent device 600. [00159]In an
exenpl ar ydeeriiasa8ttheh |provites e élacthita sighal repecdertativecdf the force with

the circuit board 2512. The electrical signal is then transmitted to the mobile

phone via the data communication 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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unit 606 nmay generate and display a GU with a nore sinplified indication
of whether the user should adjust the anount of pressure to provide nore,

| ess or tWO28M99BFount. There nmay be any nunber of way®CTHEGIIIGHPEE3t his
type of GUJ . For exanple, synbols or shapes - perhaps even color-coded in a
traffic-light colored display - may be displayed to tell the user to adjust
the anobunt of force being applied. Simlarly, the GJ may 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 awdgdb\ﬁ@] the PEsSHY & §hdxpoded vibrbftthel PRI devibe @PtHIGUZEAANGE at
whi ch preSsure” should be applied for a particular user. In this enbodi nent,

the feedbﬁﬁg ihﬁ]@/iﬁr@g%)rﬁ‘ﬁ@r{éﬁgﬁré"ﬂgnﬁmaréﬁi LA® bEEASA PEedP T prdtic and

correspondl ng appl| pressures 1n real-tine 1n order to deternm ne a range

Gcual Ty aneleiid 289 oBf ke beBndiE R opfRel M ¥ bpdtlon A8 R b e BT

provi des correspondi i ndi cators he user o e display 614 endi ng
b Whet hePORIE ZEUAD. | thes e e 281b Rentpt moRtact J5irE 3R Rt EE
determ ned range. [00160] I n an exenpl ary enbodj nent, _the feedback unit 606
may not rassAciaied eledricalysigral tor theonrinfedr Gtrulebeard; 2912 (‘!@rﬁ%&gqr&a\' he user
through a speaker or other audi o output coq?onent. For exanple, the audio
devi ce coobdmhesitorpl2519ait lone@ndraf the éarce serssr 2948pl y More Pressure, " "Apply
Less Pressure,” or "Apply the Same Anmount of Pressure."” The audi o feedback
coul d al sppo1a4n t helG. @56 o ansisiptifiéd tvieve of dfig d2SA esheatingianbh & oraisounds -
such as a ringing sound or buzzer sound - which are wi dely known as

posi tive gsmpeaeits ihab thdydde LSO TGN theanahbmissioremplathe eshsidg nafnan t he
optical neasurenent device 600 may ask the user to calibrate the device

before ac r f i ; j i
eone. aé@%drfﬁgg BEh 8fcdifiRvBP@ySd BRgthehts TR EhRtleel strdtufe &aY

user to apply a variety of different pressures to the

devi ce duygj] i pes jad i L7 1 Cl b

measur es f‘%?g@%%&g\é%gg% gfa{eq%e%@téw%dﬁ??lkgﬂté Egt?] %@pﬁ%oﬁi%d@y g? 'Prié nes a
range of applied . pre re i ch Qbtai . i i gnal or exanpl e,
t he user ﬁ@@"ﬁ‘gbeéézégawéy é\ﬁaﬁa%? fs‘%&?§° %"ﬁg}r}f%?{)%%gﬁg%a& il%raof ECF'e of
pressure ranges over a iod of_ 1l such as the force profile 808 in the
appl i ed pf3&8le grilsh %g@ iarﬁ‘dFIFd'ab' gfsgﬂ\ssgo"r”e%mmﬁtl’csth‘g e8| SBPIPIBN, the
device 600 is able to obtain, a_ra%e of appli edgpressur fo[( eac%@

i ndi vi duaFantever type rfeice: arplication #539) CoEPNSRY @A D B ITPKeRO B Accurate
dependi ng on the individual user being neasured. [00162]In one exenplary
enbodi mensimplified frepréisentationiaf thedrangpaieat Rlastictriete 2688 tegethapwithghef er abl y
a personal nobile processing device such as a nobile phone, smartphone,
personal gightal @Estiost2608 (PBAB, 258 b Compunent 2936yean heataken, tsmbdebaok or

| apt op, although this list is not exhaustive by any neans. However, the
feedback gimglifiedGepregemation@tthd forbe tmsimitlihg memnderc25081 o8 FIG 268, ande a
conputer or server. The feedback unit 606 may be connected with the

optical debifdonht 964hCxnSBE taRe t¥i &G SimphHified! Rpfedentdtionnof WY force
preferably 1n a cableless configuration via a coupling nmenber of the

feedback Q‘%@g%%a 8f Fggrﬁtg %eﬂ.rf&%@i refsaéypnéawegﬁ{ponmbsm wwaassal

serial bu pi n connection used 1n the Apple(r) iPhonee
| e Copput Cu ti.no, t 1Rt ' bl el
Cont 1 qur abpateonent 24236, " PRbil8. othent s, RGN, i utgh e, e %or
i bl t endi f th I bi_ | i i.ce to th
opt 1 cal - nEASIROBREH oA ALk CHTRIRE 25T St HarRe BB AT IHon TRE BBrODG &
device may be integrated with i
moment 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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the optical detection device as a single optical nmeasurenment device 1100,
as shown in FIG 11. The optical detection device 600 is incorporated

Wi thin a WousizgIB24 of a portable device 606; in this PEIBGROLRAPEE3 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

iwf?? e 2 S&%‘;é@? hﬁ?fé‘%???%ﬁ*héé%f%%ﬁfﬁ%i AT ";‘Cﬁﬁ’#"?"ﬁggé’l?ﬁfﬁ%é"?'ﬁ Evzﬁr .
1 1 um nar0eRat i ate Sofit i B et ol R R SERBR IR At (3 LY

604, as illustrated in FIG_ 17. 0164] 1 n anot her ex

i || ust r atRQItion 2508 of F1Gt REBo PL‘% f&’els%"c‘{rﬁoﬁmg&?%%‘?gg'&aﬁﬁggb%qﬁrnggr at ed
with the display 614 when the dis is a touch screen display. Two

openi ngs mayement@fetaeér@nsnanenéptaég@ﬁl@ér?ééﬁ display to pernmt the

transm ssion of light fromthe LED |ight sources and to the photodetector.
The conpojoenas] of tME. L6Geik scexpodat vipayf BihetcrMempatyeembediment of
pressure-sensing capabilities to detect the amount of pressure applied on
t he toucharscoptial dneps@gnieht, dowcd 2860 dismodachdiareins lof thibeegerapbay e
detection assenbly can be provided by the touch screen display 614

di rectly, eiBEdiRRNt SbSE mhb%niﬁlﬁuelhe@dref Sinilar SeNsatdespribss if FIGiesact i on
assenbly. Therefore, only the illum nation and detection assenbly of the

opti cal rared
(PR *hen it bilielBehints ars 1aE ?ﬁ%ﬁ'@f‘ﬁ?”éaﬁ%5%‘%“?*%63?,“01"%#@23%%“ Hary

entod My ! gggn@m@a@ ﬂné\pg.oﬂ%?%@ég.pmﬂge HbY TR GARPEkSpfrg 2! a

and fl ash or o por e carrera

f t the det whi I fI h

ot ons e R AR St SO P e
portabl e deV| ce and the flash can be C %#' reld ¥mth atﬁed LED and

i nfrared CEDPPREHEREE? al"ﬁ@%équmr\ﬁ/m/gg %{ Rlagtc pleghthati 1§ OPRAUC K enpl ar y

enbodi nent, the pressure detection assenbly is the only significant

modi f i cat $uhstantialliepagre daliavsigining] Ilgmcmatﬂsmnsoughh bvﬁaa%ﬁﬁﬁ?ﬁsawes

enbodi ment, an accessory can be provided to a personal nobile processing
devi ce. mewaﬁwylmm@masedhtdwhpﬁ;mmnﬂtﬂé&%ét iscan qyedeadypPatien eby t he
pressure assenbly is configured to detect an anmobunt of pressure applied, to

an il uni sigdilapno ane ovetreeidi portias 2508 of BIG.t 22. Hewsveralcomypimirient 25646ssi ng
device, by a surface portion of a user for nmeasurenent. Such an accessory

can be regmysihhialft trapbpsteh? WhicAscas BRdwt Nignt per paswl thrauyH. eFprtheessi ng
device. Alternatively, the accessory can be Iintegrally attached to a casing
for the PgIGIRRMNsTEY4aqWRIPCHE HISWIrdRs4i8nt), 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

35



[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

t hat t he woeenimivesys t he di splay 614 horizontally and i nrerschei2wodds t he
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 tine period of the PPG signal 616. [00168] FI Gs. 1l4A
and 14B iIIustrate anot her exenpl ary enbodi ment, where a plurality of

opti cal ﬁgﬁé@m Aayié %c@oﬂésﬁaﬂn‘m%aé@wmee@é et gifcd Bs1pRRE ab! e

devi ce 60 |nteract on with e user In a |landscape or| entation. The

addi l? if OEZIF*:B‘fk?? th, 888 %?f‘ S?Laégf?%. LA ﬂ§ﬁ“&%ﬁ°fﬁ”‘%@31"‘°}”ﬁgﬁa‘ﬁ§{ Eés%ﬁc:;:l
] 2A 632B i
SPon U1 o ieyeniedts it A Enesdanath bk ahe Ay Sl AAER g e

detection devices 600A and 600B. In a sim|lar exenplary_ enbodi nent

i |1 ustrat bgingnthpiaxs geing inlethesmger apd B Kcais Bétr’@cthle(ﬁ%'?dsﬂ?ﬁ“Sef@’Bdb% and
600B may be | ocated on a side portion 636 of the portable device 606, so

t hat the lefeto deenrightiok therpage ffrangdhe \iawer' supgrepeRtive)naisorasdiicted Thet he
correspondi ng optical detection devices 600A and 600B in a natural

confi gur abpposite end B5$1leihivee e movetdmvrugands salongutiesZ €8dAlivatd HBBIBhar e t hen
free to operate the portable device by interacting with the touch screen

di spl ay 6F4as ey the bkiengSing frdim [sbtiohe to newof fthegrige fom thei viewesensed by
the opti caI det ectl on devi ces 600A and 600B. In the enbodinments illustrated

in FlGs. W?ethbh@ét%p%rr@maplﬁbérﬂﬂot Hadfa Q@pb@alode.t eagéon
devices 6 OA and OOB there may al so be a corresponding plurality of PPG

signals 618 @egg% %6@;}@?@39&5 %@.&ér%gﬁ .{%a@ &%%eaﬁ%et?@%gg%%%ngly-

[ 00169] The nay a so i nclude software or other nput er
programuebl e inst a u t ap
Fecel vi ngcarﬁasppwirpi fRergheb B UK M e, STEIEE I Sl bliTel dne
creation the o tpu to, the user a the correlatio f
et oct od PSS, IACEAT e oSs hPEaRes T i OO SR b HRRRESTO ot (i)
t he PPG si gnal fromthe illum nation and detection assenbly and (ii) the
anount of Mayingouhaf the gagipg sHriaer) upwaidimevesmentipf the 8%%*&?\@“-’&5%!‘@98(%”% hus
enabl es the optical neasurenent device to obtain an optimum PPG si gnal wth
a hi gh si pieee capnabexeeadatheddefault pesitinal VWhenraliesepts are anade lugavatted in an
optical signal. The optical nmeasurenent device provides for a PPG signal to
be acqui r eantidéven trasspatend piacer2810ppsards cthelsie ppesi edgenatethemppasite esdr usi ng
the device. [00171] The resulting optimal PPG signal provides a highly
accurate peamIreigRaLel withra atsoplemientargi stebped asaijee raf dedshog €281, thus

arresting upward movement from its predetermined position. This can prevent

the transparent piece 2510 from falling out of the casing 2514 and can also 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 urge 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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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 WOQO12#199339n of systolic and diastolic bl ood pr@€3HGRIBAIRE er S.
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 illumnation 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

the pressiyfisSERRIEd %efn%hwégwnae@rtﬁecfefcﬁwerhadzmal dfeRe fransgarBpef i | e

808 with respect to time, as shown in the applied pressure graph 804. The

805 EQ?‘H@%%%F%@*’”%@%&Q’% Falfepel ?ﬁi“"%&gﬁ%wmﬁ% AR s'f;,%f;li”"
i Uh 1 ho RTAELE. SRR, 28 MhpsEf % “% %ﬁ&'s%‘f'r"fé'%*&ﬁ‘s%ﬁ?ﬁ*fﬂt i th

this analysis, the external pressure needed achi eve zerg tran ral
pressur e ¥mA WENGGan he paesenibeivern e Vﬁﬂ%ﬂﬁjﬁﬁq p'ﬁ?‘é%?l?r"@ &‘oa%'i‘f?gy t he
PPG waveformrefl ects the highest anplitude, as shown at area 814 in the
PPG si gnatongmapieation portr2516GIt @an besseereirahisuabthihal he transparestplagtis of | ows
the profile 808 of rapid increase and gradual decrease over tinme, the PPG
wavef or m #86e 2540 ¢= perahednatithée edd of dbe commgliicatitinuport 258G istgh Ahattpast ent i r e
range of PPG waveform from 810 to 812 with respect to applied force 808,

t he hi ghegft 2511l ist frste aRBP@otay ebotagt Kith the @omtaaniaatiom got 25160 Tafs tdre
correspondi ng position on the applied pressure graph 804 where an anount of

appl i ed %@S%%N{' RIbRS §brha d:laclél%é’ rbfHBA oM the QFsWEres perbectivd of $YSt em
Architecture 00173] One exenpl ary enbodi nent of the optical neasurenent

device is, ﬁnsh%‘i’agne rﬁétf] d 5&fo \Qﬁ%ﬁ'alfoﬂﬂ 8%op \.@&hpme%n&saeféaamg%s and

their rela e exenplary embodinent below, the optical

roasur erreily daKbeolalic iRk 3846 Ui PRl o8 LOARITIEY Rankosust| 20 e

f eedback W ace, processing and display IS,

per sonal MAEN S0 CEa0; %%th?@iﬁff@&euﬁﬂ@a@eaﬁﬁ 7 &ty BadRchPeafefugn one
of skill éunffict:igr?t ﬁ&ur\évli lstlrerggetﬁOt(‘c:])n\:w%hestgng1 tthe(z) tfgrecre )?err}e?PLy thg Vds%?%uﬁ% be used.
PPG measurement. The transparent plastic piece 25610 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
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. caused by undesired
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A. Interaction Between Il lum nation/Detection Assenbly and the Feedback
Unit [00174] The illum nation and detection assenbly 602 may be connected in
a cabl el ewe 20nfopgar ati on with the feedback unit 606, i RCTHGIRAB@®OR
portabl e device or a personal nobile processing device such as an i PhoneO,
using the 30 pin connector at the base of the feedback unit 606. After

est abl i shi ng physi cal connection of the illum nation and detection assenbly
602 with the feedback unit 606 or any other form of processing device, a
m crocontrol I er unit (MCU) 640 (see FIG 17) in the illum nation and

detection f poses
prior to |ng o % O%ééﬁa{r‘t@ fA\ ackbgﬁagegggh%lr—}&gﬁy o&ﬂéwgﬁ
processing, device. ) ntlc e
Phone(r) %tragtuyepwge? 0% B el {vmiqa?ga&pﬁésﬁ%e us?%‘?e?eﬁéﬁ%é%e‘ﬁ’%%é&nect or
B opr cor at SEd%‘ééé‘eerﬁh'sciés{nﬁga%ﬁéﬁér%gg‘na PRechireplRregRe T Y thsaipal
alternative enbodi nents. [00175] Wth the exanpl e of an i PhoneO,

comuni cacpmponents eanvedient. dt wilk algei %ﬁ@ﬂfeC@%dh%ﬁ@u@(emp'aW sensing
Receiver/ Transmtter (UART) protocol fromthe 30 pin connector of the

i Phone(r) detiteiwiisitsoindividual aompleenentary N0ARTY elrectyres ¢an be sdeptedsntoam t he

MCU of the illum nation and detection assenbly 602 to the i Phonee. WO

2012/ 09953h&-Tit S RIrRRRRD 3sEONbRAIntheisastembly. conpri sed of 2 bytes of
header and 10 bytes of payload. The payload is sub-divided into 5 parts,

each conpaey 2 byiesfis dadrass-BEdtidnaRviewDeRar BegembdFer(sitg devibs2 ( Red)

and FS (FOorce Sensor). This data is obtained in a HEX file format and is

t hen con ba | - A
12" SR, S8k ol o p RO it sl or o

oo o BRSBTS e L g
o TR b o0 RIS R BRI BoR 2SR BB 0,
' Tabl Ecih'a?ﬁa‘é‘?ai?n”é’éwﬁm"%m the.ane csings oy dbe 50y SEsgorainbee 8>r<er%"‘hhés show
Y axis being the axis going into the page and the X axis being the axis going
from the left to the right of the page from the viewer’s perspective) are restricted.
- The opposite end 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 2552 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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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 to return 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 2514’ 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. 25I.
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. 25| that the transparent plastic piece 2552 is perched at the end of the
communication port 2516’ such that part of 2653a 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 2552 can also act as a
cantilever, the plastic piece 2552 can be substantially flexible but at the same

time have sufficient flexural strength to withstand the force exerted by the user

39



PP& (V) FS (V) 0 FOE20A01023A01F003500556 0701 023A 01F0 0350 O55E 2. 8905

WO 2012/099535 PCT/SG2012/000003

during a PPG measurement. The plastic piece 2652 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 2552 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. caused by undesired movement of the
components). Another advantage of the complementary mating 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
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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] F1G.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 voltmeter, and R4, Rz and Rj3 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 Rj3 or vice versa if desired. Ry, Rz, R3 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 R; or Ry, R2 and R3
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.
[001563] In one example working implementation when the bridge is

operated in a quarter configuration shown in FIG. 24, R3 is set to a value equal to
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the resistance of Component 2402 with no force applied. Rz can be a variable
resistor to allow ease of setting to zero. The other two resistors R1 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 voltmeter V. The readings obtained on the voltmeter 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,A 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 st.ress. 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 like. 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 ‘without 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 displacement 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 translated 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
illustrates 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 to

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
illustrated 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 display 618 of the applied pressure may
track the PPG signal 616 on the same graphical display (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 illustrated 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 optimal PPG
signal in order to determine whether the displayed real-time PPG signal 616 can
be improved. However, by displaying the detected PPG signal 616 and possibly
the pressure status bar 620, the feedback unit 606 is not required to compute an

amount of pressure that provides an optimum PPG signal, as the user is
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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
GUI. For example, symbols or shapes - perhaps even color-coded in a traffic-
light colored display - may be displayed to tell the user to adjust the amount of
force being applied. Similarly, the GU! may simply display words telling 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 “Apply More Pressure,” “Apply Less Pressure,” or
“Apply the Same Amount of Pressure.” The audio feedback could also be in the
form of musical tones of different pitches or sounds - such as a ringing sound or
buzzer sound - which are widely known as positive or negative sounds.
[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, smartphone, personal digital assistant (PDA), mobile music
player, 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 to 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 606; in this case located near a 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 assembly 604, as illustrated in FIG. 17.
[00164] In another exemplary embodiment illustrated 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 illumination and detection
assembly may comprise a camera and flash of a smartphone or other portable
device, such that the camera functions as the photodetector while the flash
functions as the light source. The flash and camera 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 wavelengths of light. In this
exemplary embodiment, the pressure detection assembly is the only significant
modification 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
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. 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 to 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 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 landscape orientation, the user can place a
finger 612 on the optical detection device 600 and more easily view a larger time
period of the PPG signal 616.
[00168] FIGs. 14A and 14B illustrate another 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
600A 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
illustrated 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 monitoring 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 optical signal. The optical measurement device provides for a
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 level 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 signal 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 follows the profile
808 of rapid increase and gradual decrease over time, the PPG waveform 806

" changes in amplitude accordingly. Thus, looking at the entire range of PPG
waveform from 810 to 812 with respect to applied force 808, the highest
amplitude PPG waveform 814 provides an indication of the corresponding
position on the applied pressure graph 804 where an amount of applied pressure
results in zero transmural pressure state.

Il. System Architecture

[00173] 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
[00174] 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
connector of the iPhone®. Strings of data are sent to UART every 8 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 bytes of
payload. The payload is sub-divided into 5 parts, each comprising 2 bytes of
data: DC1 (IR), DC2 (Red), PPG1 (IR), PPG2 (Red) and FS (Force Sensor). This
data is obtained in a HEX file format and is then 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 SpO,.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 DC2 | PPG1 | PPG2| FS

Data from Device (Hex) | (Hex) | tHex) | (Hexy [ ey | 3 | ) | v | v | )
[i] EOE20A01023AD1F003500558 | 0701 | 023A | 01F0 | 0350 | OS5E [2.8905(/0.91 89]0.7996| 1.3671|2.2150
8 FOE20A01023A02A803470560 | 0701 | 023A [ 02A8 0347 | 056D | 2.8805/0.9189] 1.0962| 1.3526(2.2392
16 FOE20A01023A031802B7057A | 0701 | 023A | G318 0287 | 057A [2.8905][0.9189]1.2768| 1.1204|2.2602
24 FOE20A01023A0314026D0584 0701 | 023A | 0314 | 026D | 0584 [2.8805/0.9189]1.2703/1.0011{2.2763
32 FOE20A01023A020E02D0058C | 0701 | 023A | 029E | 02DO | 088C 2.8805|0.0189| 1.0801] 1.1607[2.2892
40 FOE20A01023A01E303550591 0701 | 023A | O1E3 | 0355 | 0591 [2.8906(0.9189|0.7787[ 1.3751/2.2973
48 FOE20AD1023A012003400592 | 0701 | 023A | 012D | 0340 | 0592 [2.8905{0.9189 0.4852} 1.3413|2.2989
56 FOE20A01023A00C402AE0591 0701 | 023A | 00C4 | 02AE | 0591 |2.8905/0.9189/0.3160|1.1059({2.2973
64 FOE20AD01023A00D0026E058D | 0701 | 023A | 00D0 | 026E | 058D | 2.8905|0.91 8910.3353|1.0027{2.2908
72 FOE20AD1023A014002DB0585 | 0701 | 023A | 014D [ 02DB | 0585 |2.8805) 0.9189]0.5368| 1.1785/2.2779
80 FOE20A01023A0200035A0578B | 0701 | 023A | 0209 | 035A | 0578 |2.8905 0.9189/0.8389| 1.3832(2.2618
88 FOEZ0AD1023A02BC0338056E | 0701 | 023A | 02BC | 0338 | 0S6E |2.8805/0.9189 1.1285]1.3284/2.2408
86 FOE20A01023A031F02AS055F | 0701 | 023A | 031F | 02A5 | O55F |2.6905/0.8180/1.2681{1.0914 2.2167
104 FOE20A01023A030B0270054E | 0701 [ 023A | 0308 | 0270 | 054E 2.8905|0.9189} 1.2658| 1.0060;2.1893
112 FOE20A01023A028802E50538 | 0701 | 023A | 0288 | 02ES | 053B 2.8905{0,9188]1.0447| 1.1946(2.1586
120 FOE20A01023A01F00350055E | 0791 | 023A | 01C9 | 035E | 0526 2.8805{0.9189(0.7367| 1.3806(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. 17.
[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 to 100 samples each before sending collated data to the
processor 650.
[00181] Using the raw samples, a baseline DC component can be
determined by the processor 650. At the processor 650, the digital values for
Vsub (IR) and Vsub (RED) (i.e. the DC components) are calculated. The Vsub
signals 652 are subsequently converted by a digital-to-analog converter (DAC)
- 654.
[00182] 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
results from both LED(IR) 664 and LED(RED) 666 during a respective first
interval 1202 and second interval 1204. In the non-limiting embodiment shown in
FIG. 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.

I1l. Method of Operation

[00185] One exemplary embodiment of a method of using the optical
measurement device is described 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 (S1402). 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 (§1404), where
the user is asked to apply an amount of pressure over a specific period of time,
corresponding to a force profile 804, (see FIG. 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. 21B
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0.9189 0.7367 1.3896 2.1248 [00178] Table 1: Data Decodi ng Format B. Signal
Conditioning [00179] A raw PPG signal includes DC and AC conponents, both
of whi ch wonbempssg i nformation critical for waveform arengsieL2/oGigsal
conditioning is therefore performed in order to obtain the information for
further processing at the feedback unit. One enbodinent 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 si gnala|’1d ‘2*1‘8 rﬁ@.ﬂ@ri]sag graphical display 2106 which shows the relationship of a
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 (S1404). Once this optimum pressure is
determined, a subsequent measurement period begins, during which the user is
asked to apply pressure within an optimum range above and below the optimum
pressure (S1408). As previously described with regard to FIG. 9A; the amount of
pressure being applied by the user may be displayed in a graph 618 on the
display 614 so that the user can see the amount of pressure being applied in

- real-time. The graph 618 may also be displayed using the pressure status bar
620. 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 bounded by the PPG
signal 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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Additionally, the computer platform 2201 receives input from a plurality of input
devices 2204, such as a keyboard, mouse, touch device or verbal command.
The computer platform 2201 may additionally be connected to a removable
storage device 2205, such as a portable hard drive, optical media (CD or DVD),
- disk media or any other medium from which a computer can read executable
code. The computer platform may further be connected to network resources
2206 which connect to the Internet or other components of a local public or
private network. The network resources 2206 may provide instructions and data
to the computer platform from a remote location on a network 2207. The
connections to the network resources 2206 may be via wireless protocols, such
as the 802.11 standards, Bluetooth® or cellular protocols, or via physical
transmission media, such as cables or fiber optics. The network resources may
include storage devices for storing data and executable instructions at a location

separate from the computer platform 2201. The computer interacts with a
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804, (see FIG 8). In other words, the user is asked to vary the applied
pressure such that the system can determ ne an opti num pressure for the

user by aai@,bné&imsttb%u?ﬁtda&é afd Bieriaforhation td Haiser, epulvell bs eovdéduesyari ety
of applied pressures (S1406). The user may al so be presented with at | east

one neasu i i i t Al trhe Wi red
pressure,égghﬁf d@%ﬁg%gﬁ@%ﬁepﬁ@ﬁdﬁggEy%gfegiggfgtﬂﬂ?%ﬁggggpgéggﬁagﬁg 21C

A ;?fﬁllgt cirfhs 58644 67 nefi PRYRY %é??%”ﬁ“%*%@?‘”@ié““%ﬁéf'z? 't i Fospect to
[ 2 X Gs. 21 C al di 2
2100, °r cClBABH] o1 Pl 4,5 a Skbkinte dpscinf SN SBanfaEried a0

different applied pressures, and how the area under curve of the PPG

wavef or m fetegting @ eaysialogigeh\#anal ysieg am QP MeFSHIRMEY, 6R\WEE dN23ANn g
applied in FIG 21C, 299 , corresponds to the |largest area 2110 of PPG
wavef or m exareplecambedimest. iistem P32 2 swiagenartian of ertiser for; meagurement
pressure is determ ned, a subsequent neasurenent period begins, during

whi ch t heistheminatedaancbttabsmidted] or reflested oatpait lightrfrem said sunface portien above and
bel ow t he opti mum pressure (S1408). As previously described with regard to
FIG 9A thecustinisidéteefedpas asigeal heingoam phiieatidoyand detestion smyetblydAspl ayed
in a graph 618 on the display 614 so that the user can see the anmount of
pressure oapnBoaP”in 8ehouft beqireésua@-afp]sned Byathie 63t wWRtheallismildtioh and ayed
using the pressure status bar 620. If the amount of force being applied by

the user f&b ﬁorP%@érﬂSlyofs LOR R LEHE 4 PrESsure NetedtRIne B S Cltep hi s i n

real -time and asks the“user to I ncrease or decrease the applied pressure in

order to i 1.t NI e I n 0 best
possi bl e %%@stﬂs\%’f'mé@aw?S/ersgg%dgie.c %Eﬁ%&%ﬁnﬁﬁﬁgggﬂ% f%dégglér m ned
as the pre?sur .ag Q@%Ch t he neasured PPG signal has the | argest waveform
anpl i t ude'MYMAPBAC T Y nder 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 optinmum pressure 2118 is at 299 mmHg, where area 2112 under
the curve is at its maxi mumof 11.63. [00187]FIG 22 is a bl ock diagram
that illustrates an enbodi nent of a conmputer/server system 2200 upon whi ch
an enbodi ment of the inventive nmethodol ogy nay be inpl enented. The system
2200 includes a conputer/server platform 2201 including a processor 2202
and nenory 2203 which operate to execute instructions, as known to one of
skill in the art. The term "conputer-readabl e nmedi unf as used herein refers
to any nmediumthat participates in providing instructions to processor 2202
for execution. Additionally, the conputer platform 2201 receives input from
a plurality of input devices 2204, such as a keyboard, nouse, touch device
or verbal conmand. The conputer platform 2201 may additionally be connected
to a renovabl e storage device 2205, such as a portable hard drive, optica
media (CD or DVD), disk nedia or any other medi umfrom which a conputer can
read executabl e code. The conputer platformmy further be connected to

net wor k resources 2206 which connect to the Internet or other conponents of
a local public or private network. The network resources 2206 may provide
instructions and data to the conputer platformfroma renote |ocation on a
network 2207. The connections to the network resources 2206 may be via

wi rel ess protocols, such as the 802.11 standards, Bluetooth(r) or cellular
protocols, or via physical transm ssion nedia, such as cables or fiber
optics. The network resources may include storage devices for storing data
and executable instructions at a |location separate fromthe conputer

pl atf orm 2201. The conput er interactsgg th a



di splay 2208 to output data and other information to a user, as well as to
request additional instructions and input fromthe user. The display 2208
may t her evOre12099i3ier act as an i nput device 2204 for | RCES&L0I2000008t h a
user. [00188]FIG 23 is a schematic flowhart 2300 illustrating a method
for detecting a physiological signal using an optical neasurenent device in
an exanpl e enbodi nent. At step 2302, a surface portion of a user for
measurenent is illumnated and transmtted or reflected output |ight from
said surface portion of the user is detected as a signal using an
iIIuninat'E?Hggg detection assenbly. At step 2304, an anount of pressure
applied b§ user to the illum nation and detection assenbly is detected

using a p@éﬁg@m assenbly. At step 2306, the ampunt of pressure
detect ed -ng used as feedback information to the user.
CLAI M5 WHAT IS CLAIMED | S: 1. An.optical .neasurenent device conprising:
an illunihati oﬁ“&ﬁﬁcﬁié'ﬂ%%sﬁr%meﬁ%@%‘rﬁé GOBBHMGured to output light to a
surface portion of a user for neasurenent and to detect tpe guhggt | i ght
transmtted oramdfuraipation fanshostectior asserbly sepfigyreds o AU dIBNEJO A 5 gnal ;
a pressure assenbly configured to detect an anount of pressure applied to
the il | umsuddceoportich aét zcusesnfaiseeasuiemsntt aad ioe deteghdhei AUlPKE llghbunt of
pressure detected is capable of being used as feedback information to the
user. transmitted or reflected from said surface portion of the user as a signal;

a pressure assembly 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.

2. The optical measurement device as claimed in claim 1, wherein the
illumination and detection assembly and pressure assembly are integrated into a

- single portable device and a feedback unit is further provided separately.

3. The optical measurement device as claimed in any one of claims 1 to 2,

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

use.

4. The optical measurement device as claimed in any one of claims 1 to 3,

wherein the device is a reflectance-based device.
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2. The optical neasurenent device as clainmed in claim1, wherein the

illum nation and detection assenbly and pressure assenbly are integrated
into a - wonglxpssst abl e device and a feedback unit is Parisieesizpoaws ded
separately. 3. The optical nmeasurenent device as clained in any one of
claims 1 to 2, wherein the pressure assenbly does not substantially deform
or displace when in use. 4. The optical neasurenent device as clained in
any one of claims 1 to 3, wherein the device is a refl ectance-based devi ce.
5. The optical neasurenent device as clained in any one of clainms 1 to 4,

wherein the il]umnation i S : | +edq kb ght
emtting Wi ode Qi@ﬁﬁ%‘al%eﬁ'??%-%bgg&[@%a%ragfcﬁ%gmcgwgﬁhéeo(?p@?'ﬁ%l1 rtr%g"sur enent
device as claimed in claimb5b rein saturation of peri n
(SP02) i nvBerRin it%"@f"'i‘%é%%?v&qezeﬁ@f‘i %%sa@rC&mwwsgo%f%{?"éﬁ* %ﬁ‘ﬁ'ﬂf i ght
information fromboth the red LED and the infra-red LED. 7. The optical
measur emediodgdVERD agsinfragedd&D o BOIY- one of clains 1 to 6, further
conprising a coupling nmenber configured for coupling in a cablel ess
configuration to a personal nobile processing device. 8. The optical
measur ement device as clainmed in any one of clainms 2 to 7, wherein the

f eedback @nit Tise optital gueastirérnenbdeitaas cldimedualklaim Hiwhereindatwatied si gnal
with the amount of applied pressure and provi de feedback related to the

correl ati gn pefiph&al L@@Pen @&Pabe isfotrhatwdn refather esentis dizrivableofroal dhen 8 when
dependent on any one of clainms 3 to 7, wherein the illumnation and

det ect i ONyASIRIFPS Mpudlighs FHEPnRFORETEHh Yot thel RAULETS lint thé infferddntEDr at ed i nt o
a portabl e device. 10.” The optical mnmeasurenment device as clainmed in claim

7, wherein the personal nobile processing device conprises the feedback
unit configured to

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.

10. The optical measurement device as claimed in claim 7, wherein the

personal mobile processing device comprises the feedback unit configured to
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correlate the quality of the detected signal with the anount of applied
pressure and provide feedback related to the correlation to the user. 11.
The opti D 202490538nent devi ce as claimed in any one of PCI&GRe12804083 10,
wherein the feedback is an indication of whether the user should adjust the
anount of pressure being applied to the illum nation and detection
assenbly. 12. The optical neasurenent device as clained in claim1l,:
wherein the feedback di splays a range of optimal applied pressures al ong
with the actual applied pressure being applied by the user. 13. The

ti | t f
optica appféﬂé g%reeqs&%w Sﬁt@d&ba'eaegghél WhiRkHe %ﬁmouWﬂ%f @b?lléd"prés%(l@ae 0

opti mal sures corresponds"to a state of zero transnural -

Cl ai s 8 '«mla@v'%ﬁfsfﬁ%%a"ﬁéﬂ?@%%c [l B3l T e Lser 1o nor ease.

decrease or maintain the applied pressure. 15. The optical measurenent
device as clained in any one of claims 8 to 14, wherein the feedback is a

real -time visual output of the detected ;@gnal and detereTéeri asgg gﬁ
pressure.11. 16Thel'ﬁ@t'@étm%€!ﬂ‘"¢m8§‘tﬁ@f@1?5 med ig any|eneiLiains 3o dfe of
clainms 8 or 9, wherein the feedback unit is a portable conputer including a
pr ocessorwhemmrllye deedbacki isppayindication phevkgihet dhe Hsgs sheHighadiwel ithe as
clained in any one of claim9 or 16, wherein the portable device is
conf i gur esdmouhtofgpressuralbeing a;fplieﬂltumthmmunﬂmatmdamtbd@teciumamww ies and a
plurality of pressure assenblies.
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 or maintain

the applied pressure.

15.  The optical measurement device as claimed in any one of claims 8 to 14,
wherein the feedback is a real-time visual output of the detected signal and

detected applied pressure.
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18. The optical neasurenent device as clained in any one of clainms 2 to 17,
wherein the illum nation and detection assenbly and the pressure assenbly
comruni cave 20ideosske feedback unit over a wirel ess net wechkisG2oik®ooodhe

opti cal neasurenent device as clained in any one of clains 1 to 18, -
wherein the detected signal is a photopl et hysnography (PPG signal. 20.
The optical neasurenent device as clained in any one of the preceding

cl ai ms when dependent on claim7, wherein the personal nobile processing
device is one selected froma group consisting of a nobile phone, a

smart phon a persopal digital assistant (P . a i.Le | l.ayer, a

t abl et coﬁ%ut erne QPE‘éqlBB%%LHﬁWeQFagY)'{:%&s é‘%‘%@%‘%ﬁ%hgf%%g}%eééf ?)r‘?g a
physi ol ogi cal signal using an optic nmeasur epent .devi ce, conpri sing:

i 11 uni nat wherein gmeggeagbpmt@a(gortg%ksgqmwﬁr RSP ARTOCESRYT ERINY ng
transmtted or reflected output light fromsaid surface portion of the user
as a si gnanhd aglisgjayan i | | uni nati on and detection assenbly; detecting
an amount of pressure applied by the user to the illum nation and detection
assenbly using a pressure detection assenbly; wherein the anmount of
pressure detected is capable of being used as feedback information to the

user. 2247TheTR@pacalaneasreneet davick aisntidimedvireary onehf dldirugiarat, on and
detection assenbly and pressure detection assenbly are integrated into a

singl e po i v Hedidee Adbasfigutad twitts o plurlRy 6F duiflestiohepadat el y.
23. The n&@%é% atggc cgrfar@% inlany oneﬂ@of cl ai s gl toy22, wherein the

pressure 4oA3FERE5YerBRs AR a PHRSHFRF prddsUrdlgéUmbifgs. di spl ace when in use.

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 smartphone,
a personal digital assistant (PDA), a mobile music player, a tablet computer, a

netbook and a laptop.

21. A method for detecting a physiological signal using an optical

measurement device, comprising:
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24. The nmethod as clainmed in any one of clainms 21 to 23, wherein the
measur enent device is a refl ectance-based device. 25. The nethod as cl ai ned

in any omnwoabiadiessss 21 to 24, wherein the illum nati onramgcdet2@®cdcodn
assenbly conprises a red light emtting diode (LED), an infra-red LED or
bot h. 26. The nmethod as clainmed in claim25, further conprising deriving

saturation of peripheral oxygen (SP02) information of the user fromthe
detected output light infornmation fromboth the red LED and the infra-red
LED. 27. The nethod as clainmed in any one of clainms 21 to 26, further

conprising coupling.a couplin nber . in a cabl L.Qur at.i 0 a

per sonal nobi I'E‘"’Bmge%ﬁ A rf%(%ipg ion”"gh a Yyl ﬁgtrﬁ%%ﬁggﬁ%ﬂgiaﬁé |tlﬁ&g1 one of
clainms 22 to 27, further conprisjng correl tiHt t he cbual'w of the detected
si gnal witransmilied a5 eflegied fiiputeliohs fem {ald sy gce porti 'bpt SURG PR&tback
related to the correlation to the user using the feedback unit. 29. The
nmet hod assighaliusing amilluminatiopgand deteption assamblyi ng provi di ng an i ndi cation
to the user of whether the anount of pressure being applied to the

i 1lumnation adefectitigeat iamowrstsafnpregssiecapplicdebyndfiesised to ta® illunhieatien hod as
claimed in any one of clainms 28 to 29, further conprising displaying a-

range of g id@éctipPbsesmblyessingea pltessgrenidetedtion asserablyapphieremh pheessure
bei ng applied by the user. 31. The nethod as clainmed in any one of clains

28 10 29, 5k UG prEdRE idetdided iR LI Bf BeihgM8ed @k feadbatk infipmlatienl to
pressures along which corresponds to a state of zero transnural pressure.

32. The as clainmed in any one of clains 28 to 31, further conprising
requesting the user to increase, decrease or maintain the applied pressure.

22.  The method as claimed in claim 21, wherein the illumination and detection
assembly and pressure detection assembly are integrated 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.

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

measurement device is a reflectance-based device.

25.  The method as claimed in any one of claims 21 to 24, wherein the
illumination and detection assembly comprises a red light emitting diode (LED),

an infra-red LED or both.
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33. The nethod as clained in any one of clains 21 to 32, further conprising
displaying a real-tine visual output of the detected signal and the

det ect ed WpEP1280993Fessure. 34. The nethod as cl ai med i RCASEG20RH0G03 cl ai s
22 to 33, wherein the feedback unit is a portable conmputer including a
processor, nmenory and a - display. 35. The method as clained in any one of
clains 28 to 34, wherein the illum nation and detection assenbly, pressure
assenbly and feedback unit are integrated into a portable device. 36. The
met hod as clainmed in claim35, wherein the portable device is configured

with a plygalifye ngﬁtﬂéésd agic%@hiaqmn 2Rnde SGHhECRRSRIR teaviagdaturatio al i ty

of pressure asse he method as clainmed in claim34, further

esSUrE asserb | - The cla

o nat Fohe e A PRER oo EE ARl B Tl Fer EBRCAEH QeI POUMT. 1o
laimed in claim27, furt i_.si,ng | At th it f th

ot cct ed hsPraREan Fore b IR redk e pre dfe BRELETEE D20 or avi i ng T eedback

related to the correlation to the user using a feedback unit; wherein the
personal nobile processing device conprises the feedback unit. 39. The

met hod as clained in any one of clainms 21 to 38, wherein the detected
signal is2a phbhepiatbey asmipimedyin(@yane phalaims 2100 26, fibrl ©MPEHBRbI e
medi um having stored thereon instructions for - instructing a processor of
an opti catouptingus ewaplinglemdntieertio @cablelessaconfigwsatidroto @cpeisonalgmebile
physi ol ogi cal signal using the optical neasurenent device, the nethod
conprisinghxﬁsgngdeykbuninating a surface portion of a user for neasurenent
and detecting transmtted or reflected output light fromsaid surface

portion of the user as a signal using an illum nation and detection
assenbly; detecting an anount of pressure applied by the user to the
|1 umi nat hon_affle 4RlR6d 12QTLIARREITR! ahyHAE 6f RIdhE 32U 7 TLRRE 86mBRSAGD! Y
wher ei n tfhie anbunt of pressure detected is capable of being used as
feedback Ic:grfre g{lrr?é 'tt?enqﬁﬁityg QF the>§etected signal with the amount of applied pressure;

and

providing feedback related to the correlation to the user using the

feedback unit.

29. The method as claimed in claim 28, further comprising providing an
indication to the user of whether the amount of pressure being applied to the

illumination and detection assembly should be adjusted.

30. The method as claimed in any one of claims 28 to 29, further comprising
displaying a range of optimal applied pressures along with the actual applied

pressure being applied by the user.
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41. The conputer readable nmediumas clained in claim40, wherein the
illum nation and detection assenbly and pressure detection assenbly are

i nt egr at M0i2A1209953§i ngl e portabl e devi ce and a feedbackPGRISG201/00e008 her
provi ded separately. 42. The conputer readable nmediumas clained in any
one of clainms 40 to 41, wherein the pressure assenbly does not
substantially deformor displace when in use. 43. The conputer readable
medium as clainmed in any one of clainms 40 to 42, wherein the illumnation
and detection assenbly conprises a red |light emtting diode (LED), an

i nfra-red3LED e Rtithod ad4laifB8 i @MWy of slamedbe todY, furttes conaprisiey i n

claim43, wherein the nethod further conprises deriving saturation of

peri pher al. it i f t ut put
Eant | ni dpEYAG R gk b o Rl BppARy Brossified g iAth SltrespioRat 38 1

conput er rg%(}?f%'?i?ﬁ%ﬁ%ﬁﬁg&s@fmd in any one of clains 41 to 44, wherein

t he nmet ho corrfelating the quality of the detected signal
wi th the amount of applied pressure; and provi di ng feedback rel ated
to the correlation to the user using the feedback unit. 46. An accessory

for a personal nobile processing device, {he acgessaly .C rising.,. a
pressure %&;senﬂl‘ejmﬁimﬁpgﬁﬁéﬁi"ﬁg 'ﬂé’tﬂé(c‘fneaﬁ} ﬁlﬁﬁ’ﬂ*ﬁﬁgc}f’ T ég‘g@&%@%‘% to an
illum nation and detection assenbly of the personal nopbile processing
devi ce byregusstingithe yser to incregsea daeriease or maipiain beanplied presspie accessory
as clainmed in claim46, wherein the pressure assenbly does not
substantially deformor displace when in use. 48. The accessory as clai ned
in any one of clains 46 to 47, wherein the
33. The method as claimed in any one of claims 21 to 32, further comprising
displaying a real-time 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 portable computer including a processor, memory and a

- display.

35. The method as claimed in any one of claims 28 to 34, wherein the
illumination and detection assembly, pressure assembly and feedback unit are

integrated into a portable device.

36. The method as claimed in claim 35, wherein the portable device is
configured with a plurality of illumination and detection assemblies and a plurality

of pressure assemblies.
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- accessory is renovably attached to a casing for the personal mobile
processi ng device. 49. The accessory as clained in claim46, wherein the
accessor ywooinmvegsal | y attached to a casing for the pergwsalrmbide
processi ng device. 50. The accessory as clainmed in any one of clains 46 to
49, wherein the personal nobile processing device is one selected froma
group consisting of a nobile phone, a smartphone, a personal digital
assistant (PDA), a nobile nusic player, at abl et conput er, anet bookandal apt op.

'37. The method as claimed in claim 34, further comprising wirelessly
communicating between 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
for detecting a physiological signal using the optical 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.
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41. The computer readable medium as claimed in claim 40, wherein the
illumination 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 claims 40 to 41,
wherein the pressure assembly does not substantially deform or displace when in

use.

43. The computer readable medium as claimed in any one of ciaims 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 (SPO2)
information of the user from the detected output light information from both the

red LED and the infra-red LED.
45.  The computer readable medium as claimed in any one of claims 41 to 44,

wherein the method further comprises correlating the quality of the detected

signal with the amount of applied pressure; and

67



WO 2012/099535 PCT/SG2012/000003

providing feedback related to the correlation to the user using the

feedback unit.

46. 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.

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 claimed 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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