2015/061783 A1 |1 0000 00010 O K O 0 00

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/061783 Al

30 April 2015 (30.04.2015) WIPOIPCT
(51) International Patent Classification: (74) Agents: DAVE, Urmil V. et al.; Kilpatrick Townsend &
A61B 5/00 (2006.01) A61B 5/026 (2006.01) Stockton LLP, Two Embarcadero Center, 8th Floor, San
A61B 5/0404 (2006.01) Francisco, California 94111-3834 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2014/062425 kind of national protection available): AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO. CR, CU, CZ, DE, DK, DM,
27 October 2014 (27.10.2014) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
61/895,995 25 October 2013 (25.10.2013) Us SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
14/278,062 15 May 2014 (15.05.2014) US TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
14/523,588 24 October 2014 (24.10.2014) US  (84) Designated States (unless otherwise indicated, for every
(71) Applicant: QUALCOMM INCORPORATED [US/US], kind Of regional pl‘OleCliOl’l available): ARIPO (BW, GH,
ATTN: International IP Administration, 5775 Morehouse GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Drive, San Diego, California 92121-1714 (US). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Inventors: MARTIN, Russel Allyn; 5775 Morchouse DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Drive, San Diego, California 92121-1714 (US). SHEYN- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,
BLAT, Leonid; 5775 Morehouse Drive, San Diego, Cali- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
fornia 92121-1714 (US). HOFFMAN, Douglas Wayne; GW, KM, ML, MR, NE, SN, TD, TG).
5775 Morehouse Drive, San Diego, California 92121-1714 Published:

(US).

with international search report (Art. 21(3))

(54) Title: SYSTEM AND METHOD FOR OBTAINING BODILY FUNCTION MEASUREMENTS USING A MOBILE DEVICE

FIG. 4B

(57) Abstract: Methods, systems, computer-readable media, and apparatuses for obtaining at least one bodily function measurement
are presented. A mobile device includes an outer body sized to be portable for user, a processor contained within the outer body, and
a plurality of sensors physically coupled to the outer body. The sensors are configured to obtain a first measurement indicative of
blood volume and a second measurement indicative of heart electrical activity in response to a user action. A blood pressure meas -
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pedance associated with the user's body. A hydration level measurement is determined based on the measure of impedance.
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SYSTEM AND METHOD FOR OBTAINING BODILY FUNCTION
MEASUREMENTS USING A MOBILE DEVICE

BACKGROUND

{6801} Aspects of the disclosure relate to mobile devices, and more particularly, a
systern and method for obtaining at least one bodily function measurement of a user

operating a mobile device.

166621 It 18 often desirable for a user to be aware hissher bodily function
measurements, which may provide physiological measures of stress, mcasures of
hydration, and other measures of general health, Physiological measures of stress may
be used to compunicate 1o a user nstructions to alter his/her bebavior, e.g., taking a
break, taking decp breaths, ctc. Measures of hydration may be used by athletes or
generally active mmdividuals to ensure that they stay hydrated to maintain physical
performance. Additionally, this information may be aseful for individaals who work
hot or dry environments and must maintain proper hvdration. Farther, this mformation
may be useful for elderly individuals whose sense of hydration is decreased and are
more prong to becoming dehydrated. Thus, important bodily function measurements

may include measurements of a user’s blood pressure and/or hydration state.

[8063] A user’s blood pressure may be roeasured using a pulse-measuring device.
Typical pulse-measuring devices wuse either photoplethysmography (PPG) or
electrocardiography (EC(G) to measure a user’s pulse. A user’s systolic blood pressure
or diastolic blood pressure roay be determuined using a combination of the PPG and
HCG using a technique known as pulse transit time (PTT). The systolic blood pressure,
along with other inputs such as pulse rate variability (PRV) and galvanic skin response
{GSR) may be useful in determining the user’s physiological measures of stress.
However, existing mobile device sohutions for obtaining PPG measurements and ECG
measurements can only obtain measurements for one or the other. That is, existing
mobile device solutions can only obtain a PPG measurement or an ECG measurement,

but not both,

16604} A user’s hydration state roay be determined by measuring a total body water
amount using a bioelectric impedance analysis (BIA). BIA measurements are typically

accurate and may fall within 200mi of the actual value when performed properly.
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Typically, existing solutions to roeasure BIA require professional equipment in a
clinical setting. Additionally, the few devices that exist to measure BIA outside of a
clinical setting are not very mobile, e.g., they may not {it within a user’s pocket or be

mtegrated into another device that the user typically always has with them.

[6305] Accordingly, 2 need exists for a mobile solution fo obtain both PPG and
ECG measurements used for determining a user’s blood pressure and to obtain a body

water content measurement used for determining a user’s hydration state.

BRIEF SUMMARY

HEHEY Certain embodirnents are described that for obtaining at least one bodily

function measurcment of a user operating a mobile device.

[3867] In some embodiments, a mobile device for obtaining at lcast one bodily
function measurement comprises an outer body sized to be portable for a user, a
progessor contained within the ooter body, and a phrality of sensors physically coupled
1o the outer body for obtaining data accessible by the processor. One or more sensors of
the sensors is configured to obtain a first measurement indicative of blood volume in
response 10 a user action, wherein at least one of the sensors configured to obtain the
first measurement is contained within a contact bution coupled to the outer body. One
or more of the sensors is configured to obtain a second measurement indicative of heart
clectrical activity in response to the user action. The processor is configured to
facihtate generation of a blood pressure measurernent based on the first measurernent

and the second measurement.

8068 in some embodiments, the mobile device is configured to perform a primary

s & E J
function and a secondary function, and wherein the processor is configured to facilitate
generation of the blood pressure measurement as the secondary function of the mobile

device.

[3069] In some embodiments, the first measurement indicative of blood volume
comprises a photoplethyvsmography (PPG) measurement.

(6814} In some embodiments, the second measurement mdicative of heart clecirical

activity coraprises an clectrocardiography (ECG) measureroent.
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16811 In some embodiments, the one or more of the sensors is configured to obtain
the first measurement comprises at least one light sensor, and wherein the mobile device
further comprises at least one light source and the at least one hight sensor measures
reflected light from the light source reflecied oft of blood vessels within a user of the

mobile device to obtain the first measurement,

16612} In some embodiments, the at least one Hght sensor includes an infrared (IR)

hight emitting diode (LED).

16813] In some exnbodiments, the one or more of the sensors is configured to obtain
the second measurement indicative of heart clectrical activity comprises at east a first
electrode and a second electrode, and wherein a portion of a user of the mobile device’s

body completes a circunit between the first electrode and the second electrode.
6314} In some embodiments, the mobile device is a watch.
EH R In some embodiments, the mobile device is a smartphone device.

8016} In soroe embodiments, method for obtaining at least one bodily function
measurement via a mobile device comprises obtaining, via a plurality of sensors
physically coupled to an outer body of the mobile device, a first measurement indicative
of blood vohime in response to a user action, wherein at least one of the sensors is
contained within a contact button coupled to the outer body. The method further
comprises obtaining, via the plarality of sensors, a second measurement indicative of
heart electrical activity in response to the user action. The method also comprises
facilitating, via a processor of the mobile device, generation of a blood pressure
measurcment based on the first measurement and the second measurement, wherein the
processor is contained within the outer body of the mobile device, the outer body sized

1o be portable for the user.

18617} fn some embodiments, an apparatus for obtaining at least one bodily
function measurement comprises means for obtaining, via a plurality of sensors
physically coupled to an outer body of a mobile device, a first measurement indicative
ot blood volume in response to a user action, wherein at least one of the sensors is
contained within a contact bution coupled to the outer body. The method further
compriscs means for obtaining, via the plurality of sensors, a second measurcnent

indicative of heart electrical activity in response to the user action. The method also
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comprises rocans for faciitating, via a processor of the mobile device, generation of a
blood pressure measurement based on the first measurement and the second
measurement, wherem the processor 1s contained within the outer body of the mobile

device, the outer body sized 1o be portable for the user,

B0 18] In some embodiments, one or more nou-transitory computer-readable media
storing computer-executable instructions for obtaining at least one bodily function
measurement that, when executed, cause one or more computing devices included in a
mobile device to obtain, via a plurality of sensors physically coupled to an outer body of
the mobile device, a first measurement indicative of blood volume in response to 2 user
action, wherein at least one of the sensors is contained within a contact button coupled
to the outer body. The computer-executable instractions, when executed, further caase
the one or more comaputing devices included in a device to obtain, via the phurality of
sensors, a second measurement indicative of heart electrical activity in respounse to the
aser action. The computer-executable instructions, when executed, further cause the
one or more computing devices included in a device to facilitate, via a processor of the
mobile device, generation of a blood pressure measurement based on the first
measurement and the second measurement, wherein the processor is contained within

the outer body of the mobile device, the outer body sized to be portable for the user.

(8619} In some embodiments, a mobile device for obtaining at lecast one bodily
function measurement comprises an outer body sized to be portable for a user, a
processor contained within the outer body, and a phurality of sensors physically coupled
to the outer body for obtaining data accessible by the processor. The plurality of
sensors comprises electrodes and a portion of a user’s body positioned between the
electrodes completes a circuit and a measurement to provide at least one measure of
impedance associated with the user’s body in response to a aser action. The processor
is configured to facilitate generation of a hydration level measurement based on the

measure of impedance.

18620} In some embodiments, the mobile device is configured to perform a primary
function and a secondary fimction, and wherein the processor is configured to facilitate
generation of the hydration level measurernent as the secondary function of the mobile

device,
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168211 In some embodiments, at least one of the sensors is built into a multifunction
sarface, wherein the multifunction surface is configured to simultancously obtain the

impedance measurement and a user input.
j8221 In some embodiments, the mehtifunction surface comprises silver metal,

[6823] In some cmbodiments, the multifunction surface comprises Indium Tin

Oxide (ITO).

16624} in some embodiments, the mobile device is a watch.
16625} in some embodiments, the mobiie device is a smartphone device,
(6826} In some embodiments, 3 method for obtaining at least one bodily function

measurement via a mobile device comprises obtaining, via a plorality of sensors
cormprising electrodes and physically coupled to an owter body of the mobile device, a
measurement {0 provide at least one measure of tmpedance associated with a user’s
body in response to a user action, wherein a portion of the user’s body positioned
between the electrodes completes a circuit. The method also comprises facilitating, via
a processor of the mobile device, generation of a hydration level measurement based on
the measure of impedance, wherein the processor is contained within the outer body of

the mobile device, the outer hody sized to be portable for the user,

166271 fn some embodiments, an apparatus for obtaining at lcast one bodily
function measurement via 3 mobile device comprises means for obtaining, via a
phurality of sensors comprising electrodes and physically coupled to an outer body of
the mobile device, 8 measurerment to provide at least one measure of unpedance
associated with a user’s body in respouse to a user action, wherein a portion of the
user’s body positioned between the electrodes completes a circuit.  The apparatus
further comprises means for facilitating, via a processor of the mobile device,
generation of a hydration level measurement based on the measure of impedance,
wherein the processor is contained within the outer body of the mobile device, the outer

body sized to be portable for the user.

[8328] In some embodiments, one or more non-transitory computer-readable media
storing compuier-executable instructions for obtaining at least oune bodily function
measurcment that, when executed, cause one or more computing devices included in a

mobile device to obtain, via a plurality of sensors comprising electrodes and physically
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coupled to an cuter body of the mobile device, a roeasurement to provide at least one
measure of impedance associated with a user’s body in response to a user action,
wherein a portion of the user’s body positioned between the electrodes completes a
circuit. The computer-executable instructions, when executed, further cause the one or
more computing devices inchuded in a device to facilitate, via a processor of the mobile
device, generation of a hydration level measurement based on the measure of
impedance, wherein the processor is contained within the outer body of the mobile

device, the outer body sized to be portable for the user.

BRIEF DESCRIPTION OF THE DRAWINGS
18629} Aspects of the disclosure are illustrated by way of example. In the

accompanying figures, like reference murnbers indicate similar elements, and:

16636} FIG. 1 ilhustrates a mobile device configured to obtain PPG and ECG

measurements of a user, according to some embodiments;

16031} FiG. 2 illustrates a smartphone device configured to obtain PPG and ECG

measurements of a user, according to some embodiments;

16632 ] FIG. 3 iffustrates a wristwatch device configured to obtain PPG, ECG, and

impedance measurements of a user, according to some embodiments;

(8633} FIG, 4A tllustrates a cross sectional view of the wristwaich device of FIG. 3
and graphs showing measurements obtained by the wristwatch device, according to

some embodiments;

(6834} FIG. 4B lustrates a cross sectional view of the wristwatch device of FIG 3.
where the sensor for obtaining the PPG measurement 8 contained within a confact

button of the wristwatch device, according to some embodiments;

[6035] FIG, 4C dlustrates a top view of the wristwatch device of FIG. 3 where the
sensor for obtaining the PPG measurement is contained within a contact bution of the

wristwatch device, according to some embodiments;
6336} FiG, 4D illustrates a graph comparing heart activity rocasurements between
contact button contained PPG sensor and a wrist based PPG sensor, according to some

embodiments;
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18637} FiG. 5 a schematic diagram illustrating 2 method of obtaining impedance

measurements of a user, according to some embodiments;

[ B338] FIG. 6 is a schematic diagram of two resistors and a capacitor representing

conduction through tissue, according to some embodiments;

(6339} FiG, 7 18 2 flow diagraro illustrating a plurality of derived metrics from a

phurality of sensor metrics, according 0 some embodiments;

6040} FiG, 8 is a flow diagram of an exemplary method of obtaining at least one

bodily fimction measurement;

186411 FIG. 9 15 another flow diagram of an exemplary method of obtaining at least

one bodily function measurement; and

186421 FIG. 10 illustrates an example of a computing system in which one or more

embodiments may be implementad.

DETAILED DESCRIPTION
16843} Several ittustrative embodiments will now be described with respect to the
accoropanying drawings, which forra a part hercot. While particular embodiments, i
which one or more aspects of the disclosure may be implemented, are described below,
other embodiments may be used and various modifications may be made without

departing from the scope of the disclosure or the spirit of the appended claims.

{8044} FiG, 1 ilustrates 2 suoplified block diagram of a mobile device 100 that
may incorporate one or more ermbodiments. Mobile device 100 includes a processor
110, microphone 120, display 130, input device 1490, speaker 150, memory 166, camera

170, sensors 180, light source 185, and computer-readable medium 190,

16045] Processor 1O may be any general-purpose processor operable to carry out
ingiructions on the mobile device [00. The processor 110 i coupled to other units of
the mobhile device 100 inchuding micropbone 120, display 130, input device 144,
speaker 150, memory 160, camera 170, sensors 180, hight souwrce 185, and computer-

readable medium 190,

8046} Microphone [20 may be any an acoustic-to-electric transducer or sensor that

converts sound into an clectrical signal. The microphone 120 may provide functionality
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for a user of the mobile device 100 to record audio or issue voice commands for the

mobile device 100.

163471 BDisplay 130 may be any device that displays information to a user.

Exaroples may inchide an LCD screen, CRT monitor, or seven-segment display.

30348} Input device 140 may be any device that accepts input from a user.
Exampies may include a keyboard, kevpad, or mouse. In some embodiments, the

microphone 120 may also function as an input device 140,

16649} Speaker 150 may be any device that cutputs sound to a user. Examples may
include a built-in speaker or any other device that produces sound in response 1o an

clectrical audio signal and/or ultrasonic signal(s),

18G50} Memory 160 may be any magaetic, electronic, or optical memory. Memory
160 inchades two memory modules, module 1 162 and module 2 164, It can be
appreciated that roemory 160 may include any number of mewmory modules.  An

example of memory 160 may be dynamic random access memory (DRAM),

(6851} Camera [70 is configured to capture one or more tmages via a lens located
on the body of mobile device 106, The captured images may be still images or video
images. The camera 170 may mchide a CMOS image sensor to captore the images.
/aricus applications running on processor 110 may have access to camera 170 to
capture images. It can be appreciated that camera 170 can continuously capture images
without the images actually being stored within the mobile device 100, Captured

tmages roay also be referred to as image frames,

(60352} Sensors 180 may be a plorality of sensors configured to obtain data
accessible by the processor. The sensors 183 may also be physically coupled to the
outer body of the mobile device 100. The plurality of sensors 180 may include one or
more Hight sensors 182 and/or one or roore electrodes 184, The light sensors 182 may
be configured to facilitate measurement of reflected light from the light source 185
{described below) reflected off of blood vessels within a user of the mobile device 100
to obtain the a PPG measurement indicative of the user’s blood volume. A portion of a
user of the mobile device’s {00 body may complete a circuit between a first electrode
and a second clectrode, e.g., when the user touches both electrodes 184, The electrodes

14 may be configured to facilitate measurement of heart clectrical activity of the user
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1o obtain an ECG measurement. The electrodes 184 may also be contigured to facilitate
measurement of impedance of the user of the mobile device 100 to obtain a level

measurement.

(6333} Light source 185 may be any source of hight contigured to et light through
a user’s body. [u some emboduments, the light source 185 may be a LED light source.
The emitted light may be of a wavelength that can pass through parts of a user’s body.
For example, the light source 185 may et LED light through a user’s wrist. In some
ermbodiments, the mobile device 100 may include multiple light sources 185, The light
ernitted from light source 185 may refiect off of blood vessels within the user’s body
and the reflected light may be measured by one or more light sensors 182 to obtain a
PPG measurement, as described above. Tt can be appreciated that emitted hght may be
of different wavelengths depending on different wavelengths, For example, different
wavelengths of light may be appropriate to improve the signal, reduce noise, deal with
dark skin colors, measure the blood’s oxygen content, or penetrate to different depths of

the user’s body.

16054] Computer-readable mediom 190 roay be any magnetic, electronic, optical, or
other computer-readable storage medmum.  Cormputer-readable storage medium 190
includes PPG measurement module 192, ECG measurement module 194, blood
pressure measurement module 196, impedance measurement module 198, and hydration

level measurement module 199,

8055} PPG measurement module 192 is configured to, when executed by processor
110, obtain a photoplethysmography (PPG) measurement. The PPG measurement may
be a measurerent of blood volume of 4 user operating the roobile device 100, The PPG
measurement may be obtained by the PPG measurement module 92 in response to a
user action. The PPG measurement module 192 may mterface with the light source 185
and hight sensors 182 in order to obtain the PPG measurement. Upon indication by the
user of a need for a PPG measurement, the PPG measurement module 192 may direct
the light source 185, or multiple light sources, to emit light through the user’s body. As
described above, the emitted light may reflect off or transmitted through blood vessels
within the user’s body and nay be detected by one or more hight sensors 182 within the
mobile device 100, The PPG measurement module 192 may measure, by interfacing
with the one or more light sensors, the amount of reflected or transmitted light detected

by the one or more light sensors 182, The PPG measurement module 192 may then
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determine a PPG measurernent that 1s jndicative of the user’s blood volume based on

the measurement of the reflected light.

88356} ECG measurement module 194 is configared to, when executed by processor
110, obtain an electrocardiography (ECG) measurement. The ECG measurement ynay
be a measureraent of heart electrical activity of a user operating the mobile device 100
The ECG measurement may be obtained by the ECG measurement module 194 in
response to a user action. The ECG measurernent modole 194 may interface with the
electrodes 184 1o order to obtain the ECG measurement. Upon indication by the user of
a need for an ECG measurement, the ECG measurement module 194 may interface with
the clectrodes 184 to measure {(assuming the user’s body completes a circuit between
the eclectrodes 184} electrical impulse(s) generated by the polarization and
depolarization of cardiac tissue within the user’s body. In some embodiments, the
clectrical impulse(s) may he generated by the beating of the user’s heart, In some
ernbodiments, the ECG measorement module 194 may interface with the electrodes 184
to measure the electrical impulse(s) automatically upon the user’s body completing a
circuit between the electrodes [284. The ECG measurement module 194 may then
determine an ECG measurement based on the measured electrical impulse(s). It can be

appreciated that ECG measurement can be obtained using two or more electrode leads.

(80337} Blood pressure measurement module 196 is configured to, when executed by
processor 10, generate a blood pressure measurcment of the user based on the PPG
measurement and the ECG measurement.  According to Poon, C.CY.; Zhang, Y.T.
"Cuff-less and Noninvasive Measurements of Arterial Blood Pressure by Pulse Transit
Time", Engineering in Medicine and Biology 27" Annual Conference, 2005, IEEE, On
page(sh | — 4, the calculation of the blood pressure measurement based on the PPG
measurement and the ECG measurerent is well known in the art,

[B0S8] Impedance measurement module 198 18 configured to, when execuied by
processor 110, obtain an impedance measurcment. The impedance measurement may
be indicative of a hydration level of a user operating the mobile device 100. The
impedance measurement may be obtained by the impedance measurement module 198
i response 1o a user action. o impedance roeasurement roodule 1923 may interface with
the electrodes [24 in order to obtain the impedance measurement. Upon indication by
the user of a need for an impedance measurement, the mpedance measurernent module

198 may interface with the clectrodes {84 1o roeasure {assuming the user’s body
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completes a circuit between the clectrodes 184) electrical impedance through the user’s
body. In some embodiments, the impedance measurement module 198 may interface
with the electrodes 134 to measure the electrical impedance automatically upon the

user’s hody corapleting a civcuit between the electrodes 124,

[8059] Hydration level measurement module 199 is configured to, when executed
by processor 110, obtain a hydration level mcasurement based on the impedance
measurement obtained by the impedance measurement module 198, The hydration
level measurement module 199 may determine the hydration level from the measured

mmpedance using techniques well known in the art.

18060} #t can be appreciated that the outer body of the mobile device 100 may be
sized to be portable for a user. It can be appreciated that the term “portable” may refer
to something that 15 able to be casily carried or moved, and may be a light and/or small.
in the context of embodiments of the present invention, the term portable may refer to
something casily transportable by the user or wearable by the user. For example, the
mobile device 100 may be a smartphone device or a watch wearable by the user. Other
examples of portable devices include a head-mounted display, calculator, portabie
media player, digital camera, pager, personal navigation device, etc. Examples of
devices that may not be considered portable include a desktop computer, traditional
telephone, television, appliances, ete. It can be approciated that the bodily function
measurements can be obtained via the smartphone, watch, or any other of the mentioned

devices.

16661 ] 16, 2 iliustrates a smartphone device 210 configured to obtain PPG and
ECG measurements of a user, according to some cmbodiments. It can be appreciated
that the smartphone device 210 is only one cxample of a mobile device 100, The
smartphone device 210 may include a plurality of contacts 228. In some embodiments,
a single contact 220 may be positioned at each end of the smartphone device 218, In
other embodiments, a device front surface 250 of the smariphone device 210 wmay
include g contact layer including, e.g., silver metal or Indium Tin Oxide (ITO). The
smartphone device 21( may obtain both PPG and ECG measurements of the user 260.

In some embodiments, the device front surface 250 may be a touchscreen.

18062} For example, the user 260 may hold the smartphone device 210 with his/her

first hand 240 touching one or more of the contacts 220 and with his/her second hand
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230 touching the device front surface 250, Upon the user 260 performing this action,
the contacts 220 and the contact layer of the device front surface 250 may complete a
circuit through the user’s 260 body. The smartphone device 210 may then measare an
clectrical potential through the completed circuit to determine the ECG measurenient. It
can be appreciated that the ECG measurement may also be obtained without the user’s
first hand 240 or second hand 230 contacting the device front surface 250, That is, the
pser’s first hand 240 ray make contact with a first side contact 220 and the user’s
second hand 230 may make contact with a second side contact 220 1o complete the
circuit. Alternatively, the user 260 may make contact with both side contacts 220 using
only his/her first hand 240 or second hand 230 (see below tor a measurernent of PPG or
Galvanic Skin Response (GSR})). Alternatively, and not illustrated in FIG. 1, scosors
positioned and/or touched at other locations, for example legs, feet, ankles, knees,
elbows, arms, neck, head, etc. could also be used to generate PPG, GSR and possibly

ECQG, depending on the location and how the contact was made.

18063] The device front surface 250 of the smariphone device 210 may also obtain a
PPG measurement of the user 260 by using an optical based technology. For example,
when the user 260 touches the device front surface 250, a light source 185 may shine a
Light into the user’s 260 skin, one or more sensors may measure the blood flow through
the capillaries and thus determine a heart rate (PPG) of the user.  This process is

escribed in further detail below. In some embodiments, the light source may be a

dedicated hight source that is part of the smwartphone device 210,

16664} Accordingly, by obtaiming both the PPG and ECG measurements of the user
260, a PTT techoique may be used to determine the user’s blooed pressure.  The
smartphone device 210 may then provide important information to the user 260, based

on the determined blood pressure (described further below),

8065} Additionally, the smartphone device 210 may obtain an umpedance
measurement of the user using BIA fechmiques. In some embodiments, the impedance
measurement may be obtained via the contact layer of the device front surface 250, The
process of obtaining the impedance measurement 1s described in forther detail below.

16666} It can be appreciated that the device front surface 250 may serve multiple
functions. That is, the device front surface 250 mav be used to obtain ECG, PPG,

and/or impedance measurements as described above, and may also be used as a user



WO 2015/061783 PCT/US2014/062425
13

input device. The user 260 roay use the device front surface 250 to provide mput to
applications being executed on the smartphone device 218, When the user 260 wishes
to obtain a bodily function measurement using the device front surface 250, the user 260
may place the smariphone device 210 nto 3 measuremeont mode.  Alternatively, the
smartphone device 210 may automatically detect the user’s intention to obtain a bodily
function measurement, e.g., from the user 260 placing his/her finger in a particular
location on the device front surface 250 or touching the device front surface 250 for a
predetermined period of time.  Alternatively, the smartphone device 210 may regularly
scan and store vital signs of the user 26{) in the user’s normal cowrse of operating the

device 210, without the user wanting or needed a particular vital sign report at that time.

88671 FIG. 3 ithustrates a wristwatch device 310 configared to obtain PPG, ECG,
and impedance measurements of a user, according to some eombodiments.  The
wristwatch device 310 illustrated in FIG. 3 operates similarly to the smartphone device
210 in FIG. 2. That is, the wristwatch device 310 may obtain PPG, ECG, and
iropedance measuremnents of the user 260 via a plurality of contacts. [o some
ermbodiments, one or more contacts may be placed at the bottom of the wristwatch
device 310, where the contact makes a continuous contact with the user’s 26 wrist

while the user 260 wears the wristwatch device 3106,

8368} The wristwatch device 310 may also include a nultifunction button 320,
which may be used to obtain a bodily function measurement and also as 3 user input
device. For example, the multifunction button 320 may be used by the user 260 to set a
date and/or time for the wristwatch device 310, The multifunction button may have an
mtegrated electrode on the surface. The user 260 may also use the roultifunction button
324 to obtain an ECG measurement by touching the button 320 to complete a circuit
{via the other coutacts) through the user’s body. In some embodiments, the
multifunction button 320 may be integrated into a touchscreen of the wristwatch device

310

[3869] The PPG and hydration measurements may be obtained in a similar fashion
as described with respect to the smartphone device of FIG. 2, ¢.g., via the contacts on

the wristwatch device 310, The PPG rocasurement may also be obtained using optical

techniques, as described below.
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16670} The wristwatch device 310 roay be designed to be portable such that the user
may ecasily wear the device or carry it on his/her person.  In some embodiments, the
wristwatch device 310 may perform everyday functions other than obtaining PPG,
BECG, and impedance measurements of the user. For example, the wristwatch device
310 may provide the current time, a stopwatch function, a calendar function,
communication functions, etc. The PPG, ECG, and impedance measurements functions
may be available in addition to the other described fimetions on the wristwatch device

316

16671} FIG, 4A illustrates a cross sectional view 410 of the wristwatch device 310
of FIG. 3 and graphs 420, 430, and 440 showing measurements obtained by the
wristwatch device, according to some embodiments. The cross sectional view 410 of
the wristwatch device 310 shows a photodetector 412, a plurality of Hght cmitting
diodes (LED) 414, and a phlurality of clectrodes contacts 416, Addutionally, the cross
sectional view 410 also illostrates parts of a user’s wrist, e.g., radial bove 413 and uvinar
bone 419, In some ernbodiments, the plorality of LEDs 414 can be infrared (1R) LEDs.
The IR LEDs may provide advantages to the user, such as not distracting the user from
normal operation of the wristwatch device 310 because the IR LEDs may not emit any

visible light.

8872} The wristwatch device 310 may obtain PPG measurerents of the user by
using optical techniques. To obtain a PPG measurement, the LEDs 414 (typically
positioned at the bottom of the wristwatch device 310 and on top of the user’s wrist)
may emit a light into the user’s skin.  The reflected Light may be received at the
photodetector 412, The user’s blood volurue may be determined based off of the
reflected light as compared against time. From this data, the user’s PPG measurement
may be determined.  In some embodiments, the determination of the user’s blood
volume may be determined from a change in the user’s blood volume.  More
specifically, a change in the diameter of the blood vessels that are being probed by the

LEDs 414,

16673} Additionally, the user’s ECG measurement may be obtained using the
phirality of contacts 416 as described above with respect to FIG. 3. It can be
approciated that in the wristwatch device 310 embodiment, the plurality of contacts 416
may continuously be in contact with the user’s skin while the user is wearing the

wristwatch device 310 aroumd his/her wrist. The user may then touch, with his/her hand
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that 15 not wearing the wristwatch device 310, another contact 416 that 1s focated at
another location on the wristwatch device 310 to complete the circuit through the user’s

body.

16374} Similarly, the user’s hydration measurements may also be obtained by using

the plurality of contacts 416 and determining imapedance through the user’s body.

{8875} Graph 420 illustrates the intensity of the obtained light reflections at the
photodetector 412 against time.  In this example, the duration between each pulse is

approximately one second. From this graph, the user’s PPG can be determined.
h g

16076] Graph 430 shows a user’s heart rate variability by comparing the user’s ECG
and the user’s PPG. As shown in graph 440, the PTT can be determined by taking the
difference between a peak of an ECG pulse and the corresponding inflection point (at
the same time interval} of the PPG pulse.  The PTT may then be used to determine the

user’s blood pressure, which s well known 1o the art.

188771 Fi1G, 48 ilhastrates a cross sectional view of the wristwatch device 310 of
FIG 3. where the sensor for obtaining the PPG measurement is contained within a
contact button of the wristwatch device, accordimg to some embodiments. In contrast to
the wristwatch device lustrated in FIG. 4A, the wnstwatch device 310 illustrated in
FI1G. 4B contains a PPG sensor 470 within a contact button 460 on the wristwatch
device 310, The aser may place his/her finger on the contact button 460 such that the
PPG sensor 470 can obtain the PPG signal from the finger to determine the PPG

measurcment. In some embodiments, the PPG sensor 470 may be an optical sensor.

16878} Certain advantages may be realized by placing the PPG sensor 470 within
the contact button 460, including but pot limited to, allowing for a faster and more
accurate reading of the PPG signal from the user’s finger as opposed to from the user’s
wrist. This can result in faster determination of the user’s PTT. It can be appreciated
that the PPG sensor 470 within the contact button 460 can provide better results than
measuring the PPG from the arm/wrist due o the vascularization of the arm associated
with obtaining the PPG measurement frora the arm. That 15, the arteries vear the surface
of the arm where the measurcment is attempting to be obtained from can blur out the
signal due to the high number of routes that blood cloud flow. However, in the finger,

typically an artery runs along the inside between the user’s fingers to the tip of the
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finger before expanding out nto many capillaries.  As such, a clear signal can be

obtained from the finger.

166879 In some embodiments, the contact buiton 460 may be a mmuiti-function
button operable to serve other functions of the wristwatch device 310, For example, the
multi-function button can be used to interact with the wristwaich device 310 for seiting
the time, starting/stopping a stopwatch, or any other function typically available in a

wristwatch device 310,

16080} Tu the wmplementation of FIG. 4B, the wristwatch device 310 may also
obtain an ECG measurement as described with respect to FIG. 44, in accordance with
some embodiments. That is, the ECG measurement can be obtained by the clectrical
contact 416 in contact with the user’s arm/wrist and contact button 460 in contact with
the user’s finger, wherehy the circuit is completed.  Advantageously, when the user
touches his/her finger to the contact button 460, both the ECG measurement and the

PPG measurement can be obtained.

j668] F1G, 4C illustrates a top view of the wristwatch device of FIG. 3 where the
sensor for obtaining the PPG measurement is contained within a contact button of the
wristwatch device, according to some embodiments. FIG, 4C illustrates the top view of
the wristwatch device 310 described in FIG. 4B, As illustrated in the figare, the PPG
sensor 470 is contained within the contact button 460. The electrical contact 416 used
to obtain ECG measurement data can be located at the bottom of the wristwatch device

310

(6082} In some embodiments, the contact button 460 may have an opening such that
hight from the PPG sensor 470 can travel through the opening to obtain an optical PPG
measurement.  In some embodiments, the contact button 460 may made of a material

that optimizes metal electrodes, such as stainless stecl.

| B083] FIG. 4D tllustrates a graph showing heart activity measurements obtained
from PPG measurements obtained at the finger, according to sorne embodiments. The
graph shows an clectrocardiogram signal 480 and a PPG signal 490 obtained at the
finger of a 24-year old male. It can be appreciated that the PPG signal 490 does not
contain much noise and the signal is smooth and/or rounded. Due to the better
resohstion of the PPG signal 490 provided by obtaining the measurement from the

finger rather than the wrist, other information such as the heart activity can also henefit
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froro the increased accuracy. Additional information that can he determined due to the
beiter resolution of the PPG signal 490 can include, but is not limited to, systolic bleod
pressure and a measure of vascular stiffness.

6084} FIG. § s a schematic diagram 500 of a method for obtaming unpedance
measurements of 4 user, according to some erobodiments. The mobhile device may be
cither the smartphone device described in FIG. 2, the wristwatch device described in
FIG. 3, or any other mobile device. As described above, the impedance measurement of
the user may be used to determine the user’s hydration level using BIA techniques. The
user’s body 510 cssentially functions as a capacitance and resistance network in this
iihustration. When the user’s body 510 makes contact with the contact points 530, an
impedance couverter 520 may determine the impedance value through the user’s body
510, In this scenario, the user’s body 510 may act as a capacitor. The rapedance value
may be a function of surface tissue impedance and deep tissue impedance. The
impedance vahie may then be used to estivnate a total body water content of the user’s
body 510, This figure shows measuring the impedance through one leg, the torso, and
one arm. The method works the same way measuring through both arms and the chest.
In some embodiments, the mobile device may inchide phase-sensitive electronics to

distinguish between clectrical resistance and reactance.

[8085] Upon determining the user’s hydration level, the mobile device may provide
a notification to the user. The types of notifications are described in further detail with

oy
Ji

espect to FIG. 7.

8086} FIG, 6 1s a schematic diagram 600 of two resistors and a capacitor
representing conduction through tissue, according to some eruboduments. In FIG. 6, x.
reprosents the capacitance of the user’s cell walls, Rygew, represents the resistance of the
body water inside of the user’s cells, and Rgew,; represents the resistance of the body
water outside of the user’s cells. The circuit shown in FIG. 6 may be used as part of the
schematic diagram in FIG. 5 to determine the hydration level of the user by determining

an clectrical impedance through the user’s body.

18687} FIG, 7 is a flow diagram 700 illustrating a phurality of derived metrics 720
from a plurahity of sensor metrics 71, according to some embodiments. The plorality
of sensor metrics 710 may include, but is not limited to, PPG pulse measuroment,

accelerometer measurements, AC biometric impedance measurements, and 2-icad ECG
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heart rate measurements.  These sensor metrics 710 may be obtained by taking
measurcmenis via the mobile device. Based on data from the sensor meirics 710, a
plorality of derived metrics 720 may be derived. These derived metrics may include,
but is not limited to, heart rate, heart rate varighility, stress caleulation, blood pressure,

and hydration state.

{6088} For example, when a PPG pulse measurement 15 obtained, using the
techriques described herein, the user’s heart rate and/or heart rate variability may be
deterrained.  The PPG pulse measurement may be combined with an ECG heart rate
measurement to determine the user’s blood pressure using PTT techniques. Based on
the determined blood pressure, a user’s stress level may be determined. H it is
determined that the user is at a high stress level, the mobile device may notify the user
to take a deep breath, go for a walk, drink a glass of water, etc.  As shown, the stress

level may also be determined from the user’s GSR data.

{6089} in another example, when an AC bioelectric impedance measurement is
obtained, using the technigues described herein, the user’s hydration state may be
determoined from data regarding the total body water of the user. I the user’s hydration
state is determined to be low, the mobhile device may notify the user to drink a glass of
water. On the other hand, if the user’s hydration state is determined 1o be adequate, the

maobile device may notify the user that to keep up the good work,

[8050] in another cxample, energy calculations may be determived based upon
accelerometer and gyroscope data obtained by the mobile device. For example, if the
user is moving around actively, the accelerometer data may indicate a high level of
movement and the mobile device may determine that the user’s energy level 5 high.
The mobile device may notify the user to continue being active. In some embodiments,
the mobtle device may keep track of the user’s energy level throughout the day and
notify the user upon predetermived intervals to become active in order to reach a
threshold amount of activity for the dav.

(00391 ] In some embodiments, accelerometer measyrements may be used to
determine the user’s heart rate and/or heart rate varigbility. The same calculations
described above may determined/calculated using these measurements,

(66821 1t is understood that the specific order or hierarchy of steps in the processes

disclosed is an ilustration of exemplary approaches. Based upon design preferences, it
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is understood that the specific order or hicrarchy of steps in the processes may be
rearranged. Further, some sieps may be combined or omitted. The accompanying
method claims present elements of the various steps in a sample order, and are not

meant to be Hinited to the specific order or hicrarchy presented.

8093} The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein, Various modifications to these aspects
will be readily apparent to those skilled in the art, and the generic principles defined
hercin may be applied to other aspects. Moreover, nothing disclosed herein ts intended

to be dedicated to the public,

16094] FIG. 8 15 3 flow diagram 800 of an exemplary method of obtaining at least
one bodily function measurement. In block 810, a first measurement indicative of blood
volume is obtained iu response to a user action. The first measureroent may be obtaine
vig a phurality of sensors physically coupled to an outer body of a mobile device. In
some embodiments, the first measurement may be a photoplethysmography (PPQG)

measurement.

16095] Tu some ernbodiroents, the plurality of sensors may inchude at least one light
sensor. The mobile device may also inchude at least one light source. Obtaining the
first measurement may inchude measuring, via the at least one light sensor, reflected
tight from the hight source reflected off of blood vessels within a user of the mobile
device. For example, in FIG. 3, the wearable watch obtains a PPG measurement of the
user via the light sensors and light source within the wearable watch. The PPG

measurement ruay be obtained by the PPG measuremient module described n FIG. 1

16896] In block 826, a8 second measarement indicative of heart electrical activity 18
obtained in response to the user action. The second measurement roay be obtained via
the plurality of sensors, In some embodiments, the second measurement may be an

clectrocardiography (ECG) measurement,

16497} In some embodiments, the plurahity of sensors may inclade at least a first
clectrode and a second clectrode.  Obtaining the second measurement may nclude
detecting completion of a circuit between the firet electrode and the second electrode via
a portion of the user’s body. For example, in FIG. 3, the wearable waich obtains an

ECG measwrement of the user via the electrodes located on the ouoter body of the
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wearable watch, The ECG measurement may be obtained by the ECG measurement

module described in FIG. 1.

[3698] In block 830, generation of a blood pressure measurement based on the first
measurement and the second measurement is facilitated via a processor of the mobile
device. The processor may be contained within the outer body of the mobile device and
the ocuter body may be sized to be portable for the user. In some embodiments, the
mobile device may be configured to perform a prirvary function and a secondary
function. Facilitating the generation of the blood pressure rocasurement may be
performed as the secondary function of the mobile device. For example, in FIG. 3, the
wearable watch may facilitate measurement of the user’s blood pressure based on the
obtained PPG and ECG measurements. The blood pressure may be determined by the

blood pressure measurement module described in FIG. 1.

8099} In some embodiments, the mobile device is a watch. For example, in FIG. 3,
the mobile device is a wearable watch. in other embodiments, the mobile device is a

smartphone device. For example, in FIG. 2, the mobile device is a smartphone device.

166166]  In some embodiments, at least one of the sensors is built into a multifunction
surface, wherein the multifunction surface s configured to simultancously obtain the
first measurement or the second measurement and a user input. For example, in FIG. 2,
the smartphone device (also capable of obtaining PPG and ECG measurerments similar
to the wearable watch) includes a multifunction touchscreen surface that facilitates user

input to the smartphone device. In one example, the multifunction surface can inchude

186161} In some embodiments, block 81 and block 820 may be performed by a first
device and block 330 may be performed by a second device. That is, the measures of
blood volume and heart electrical activity may be performed by a device separate than
the generation of the blood pressure measurement. For example, the measure of blood
volame and heart electrical activity may be performed via a communication device
wor by the user, whereas the generation of the blood pressure measurement may be
performed by a server computer that roceives the measures of blood volume and heart
electrical activity from the commumnication device. In some embodiments, the server

computer could reside within a cloud system.

1861621  FIG. 9 is another flow diagram 900 of an exemplary method of obtaining at

least one bodily function measurernent. In block 910, a measurement to provide at least



WO 2015/061783 PCT/US2014/062425
21

one rocasure of impedance associated with a user’s body is obtained n response to a
user action. In some embodiments, the measurement may be obtained via a plurality of
sensors coruprising electrodes that are physically coupled to an outer body of the mobile
device. In some embodiments, a portion of the user’s body positioned between the

clectrodes completes a circuit.

[86183] For cxample, in FIG. 3, the wearable watch obtains an impedance
measurement of the user via the electrodes located on the outer body of the wearable
watch. The impedance roeasurement may be obtained by the impedance measurement

module deseribed in FIG. 1.

1661064] In block 920, generation of a hydration level measurement based on the
measure of impedance is facilitated via a processor of the mobile device. In some
embodiments, the processor is contained within the outer body of the mobile device. In

some embodiments, the outer body is sized to be portable for the user.

[86185] In some cmbodiments, the mobile device is configured to perform a primary
function and a secondary function. In some embodiments, the processor is configured
to facilitate generation of the hydration level measurement as the secondary function of
the mobile device. For example, in FIG. 3, the wearable watch nmay facilitate
measuwrement of the wuser’s hydration level based on the obtained impedance
measurement,  The hydration level may be determined by the hydration level

measurcment module desceribed mn FIG. 1

[66106] In some embodiments, at least one of the sensors is built into a multifunction
surface.  In some embodiments, the muitifunction surface is configured to
simultaneously obtain the bropedance wmeasurement and a user input.  In some
ernbodiments, the multifunction surface comprises fndium Tin Oxide (ITO). In some
embodiments, the multifunction surface comprises siiver metal. In some embodiments,
the multifunction surface comprises a network of wires or a transparent conductor. For
example, in FIG. 2, the smartphone device {(also capable of obtaiming impedance
measurements similar to the wearable watch) includes a multifunction touchscreen
surface that facilitates user input to the smartphone device.

(86167}  In some embodiments, the mobile device is a waitch. For example, in FI1G. 3,
the mobile device is a wearable watch. In other embodiments, the mobile device is a

smartphone device. For example, in FIG. 2, the mobile device is a smartphone device.
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186108 Iuvsome embodiments, block 910 may be performed by a first  device and
block 920 may be performed by a second device. That is, the measure of impedance
may be performed by a device separate {rom the generation of the hydration level
measurement.  For example, the measure of wmpedance may be performed via a
communication device worn by the user, whereas the generation of the hydration level
may be performed by a server computer that recetves the measure of impedance from
the communication device. In some embodiments, the server computer could reside

within a cloud system,

186109 FIG. 10 illustrates an example of a computing system in which one or more
embodiments may be mmplemented. A computer system as ilhustrated in FIG. 10 may
be incorporated as part of the above described computerized device. For example,
computer system 1000 can represent some of the components of a television, a
computing device, a server, g desktop, g workstation, a control or interaction system in
an automobile, 2 tablet, a netbook or any other suitable computing system. A
computing device may he any computing device with an unage capture device or input
sensory unit and a user output device. An image capture device or input sensory unit
may be a camera device. A user output device may be a display unit. Examples of a
computing device include but are not timited to video game consoles, tablets, smart
phounes and any other band-held devices. FIG. 10 provides a schematic iHustration of
one embodiment of a computer system 1000 that can perform the methods provided by
vartous other embodiments, as described hercin, and/or can function as the host
computer system, a temote kiosk/terminal, a point-of-sale device, a telephonic or
navigation or multimedia interface in an sutomobile, a computing device, a set-top box,
a table computer and/or a2 computer system.  FIG. 10 15 meant only to provide a
generalized 1Hustration of various components, any or all of which may be utilized as
appropriate. FI1G. 10, therefore, broadly illustrates how individual system eloements may
be implemented in a relatively separated or relatively more integrated manner. In some
embodiments, elements of computer system 100 may be used to implement

functionality of the mobile device 100 m FIG. 1.

18160} The computer system 1000 s shown comprising hardware cleroents that can
be electrically coupled via a bus 1002 {or may otherwise be in communication, s
appropriate). The hardware elements may inchude one or more processors 104,

mcluding without limitation one or more general-purpose processors and/or one or more
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special-purpose processors (such as digital signal processing chips, graphics
acceleration processors, and/or the like); one or more input devices 1008, which can
include without imitation one or more cameras, Sensors, a moeuse, a keyboard, a
microphone configured to detect ulirasound or other sounds, and/or the like; and one or
more output devices 1010, which can inchude without limitation a display unit such as

the device used in embodiments of the invention, a printer and/or the like.

181611  In sore implementations of the embodiments of the invention, various input
devices 1008 and output devices 1010 may be embedded into interfaces such as display
devices, tables, floors, walls, and window screens. Furthermore, input devices 1008 and
cutput devices 1010 coupled to the processors may form multi-dimensional tracking

qystems.

18162} The computer systern 1000 may further include (and/or be in communication
with} one or more non-transitory storage devices 1006, which can comprise, without
hirnitation, local and/or network accessible storage, and/or can include, without
Himitation, a disk drive, a drive array, an optical storage device, a solid-state storage
device such as a random access memory ("RAM”Y and/or a read-only memory
(“*ROM”™), which can be programumable, flash-updateable and/or the like. Such storage
devices may be configured to implement any appropriate data storage, inclading

without Hmitation, various file systems, database structures, and/or the Hke.

(8163} The computer systern 1000 might also include a comnwmications subsystem
1012, which can include without Hmitation a modem, a network card (wireless or
wired}, an infrared communication device, a wireless communication device and/or
chipset (such as a Blactooth™ devige, an 802,11 device, 2 Wi-Fi device, a WiMax
device, cellular communication facilities, etc.), and/or the Hike. The communications
subsystem 1012 may permit data to be exchanged with a network, other computer
systems, and/or any other devices described herein. In many embodiments, the
computer system 1000 will further comprise a non-transitory working memory 101§,

which can include a RAM or ROM device, as described above.

(81841 The computer systern 1000 also can comprise software elements, shown as
being currently located within the working memory 1018, including an operating
system 1014, device drivers, executable libraries, and/or other code, such as one or

more application programs 1016, which may comprise computer programs provided by
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various embodiments, and/or may be designed to implement roethods, and/or configure
systerns, provided by other embodiments, as described herein. Merely by way of
exarople, one or more procedures deseribed with respect to the method(s) discossed
above might be tnplemented as code and/or instructions exccutable by a computer
{and/or a processor within a computer); in an aspect, then, such code and/or instructions
can be used to configure and/or adapt a general purpose computer (or other device) to

perforo one Ot rmore operations in accordance with the described methods.

18165] A set of these instructions and/or code might be stored on a coraputer-readable
storage medium, such as the storage device(s) 1006 described above. In some cases, the
storage medium might be mcorporated within a computer system, such as computer
system 1000, In other embodiments, the storage medium might be separate from a
computer system {e.g., a removable medium, such as a compact dise), and/or providec
in an installation package, such that the storage medium can be used to program,
configure and/or adapt a general purpose computer with the instructions/code stored
thereon. These imstructions might take the form of executable code, which is executable
by the computer system 1000 and/or might take the form of source and/or installable
code, which, upon compilation and/or installation on the computer system 1000 (e.g.,
using any of a variety of generally available compilers, installation programs,

compression/decompression utilities, etc.) then takes the form of exccutable code.

(8166} Substantial variations may be made in accordance with specific requirements.
For example, customized hardware might also be used, and/or particalar elements might
be iroplemented in hardware, software (inchuding portable software, such as applets,
ete.), or both, Further, connection to other computing devices such as network
mput/cutput devices may be employed. fn some embodiments, one or more clements of
the computer systern 1000 may be omitted or may be implemented separate from the
tHustrated system. For example, the processor 1004 and/or other elements may be
implemented separate from the input device 1008, fn one embodiment, the processor is
configured to receive images from one or more cameras that are separately
implemented. In some embodiments, elements in addition to those llustrated in FIG.

10 may be included in the computer system 1000,

181871  Some embodiments may employ a computer system (such as the computer
system 1000) to perform methods in accordance with the disclosure. For example,

some or all of the procedures of the described methods may be performed by the
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computer system 00 in respouse 1o processor 1004 executing 0ne of 1001¢ Seguences
of one or more instructions (which might be incorporated into the operating system
1314 and/or other code, such as an application program 1316) contained in the working
merpory 1018, Such instructions roay be read into the working memory 1018 from
another computer-readable medium, such as one or more of the storage device(s) 1006.
Merely by way of example, execution of the sequences of instructions contained in the
working memory 1018 might cause the processor(s) 1004 to perform one or more

procedures of the methods described herein,

18168] The torms “machine-readable medium™ and “computer-readable mediom,” as
used herein, refer to any medinm that participates in providing data that causes a
machine to operate in a specific fashion. In some embodiments implemented using the
computer system 1000, various computer-readable media roight be mvolved in
providing instructions/code to processor(s) 1004 for execution and/or might be used to
store and/or carry such instructions/code (e.g., as signals). In many implernentations, a
computer-readable medium s a physical and/or tangible storage medium. Sucha
medium may take many forms, including but not limited to, non-volatile media, volatile
media, and transmission media. Non-volatile media inchude, for example, opticat and/or
magnetic disks, such as the storage device(s) 1006, Volatile media include, without
iraitation, dynargic memory, such as the working memory 1012, Transmission media
imclade, without hmitation, coaxial cables, copper wire and fiber optics, including the
wires that comprise the bus 1002, as well as the various components of the
compunications subsystem 1012 (and/or the media by which the communications
subsystern 1012 provides communication with other devices). Hence, transmission
media can also take the form of waves (including without limitation radio, acoustic
and/or light waves, such as those generated during radio-wave and infrared data

COMNUNICations),

(8169} Common forms of physical and/or tangible computer-readable media include,
for example, a floppy disk, a flexible disk, hard disk, magnetic tape, or any other
magnetic medium, a CD-ROM, any other optical ruedium, pancheards, papertape, any
other physical medivm with patterns of holes, a RAM, a PROM, EPROM, a FLASH-
EPROM, any other memory chip or cartridge, a carricr wave as described hereinafier, or

any other mediwn from which a computer can read instructions and/or code,
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18110} Various forms of computer-readable media may be jovolved in carrying one or
more sequences of one or more instructions to the processor(s) 1034 for execution.
Merely by way of example, the instructions may initially be carried on a magnetic disk
and/or optical disc of a remote computer. A remote computer might load the
mstructions into its dynamic memory and send the instructions as signals over a
transmission medivm to be received and/or executed by the computer system 1000,
These signals, which might be in the form of electromagnetic signals, acoustic signals,
optical sigoals and/or the like, are all examples of carrier waves on which instructions

can be encoded, in accordance with various embodimenis of the invention.

3111} The communications sabsystem 1{12 (and/or components thereof} generally
will receive the signals, and the bus 1002 then might carry the signals (and/or the data,
mstroctions, ete. carried by the signals) to the working momory 1018, from which the

processor{s) 1004 retricves and executes the ingtructions, The instructions received by
the working memory 1018 may optionally be stored on a non-transitory storage device

1006 either before or after execution by the processor(s) 1004,

16112}  The methods, systems, and devices discussed sbove are examples. Various
configurations may omit, substitute, or add various procedures or components as
appropriate. For instance, in alternative configurations, the methods may be performed
in an order different from that described, and/or various stages may be added, omitted,
and/or combined. Also, features described with respect to certain configurations may
be combined in various other configurations. Different aspects and clements of the
configarations may be combined in a sirnilar manner. Also, techuology evolves and,
thus, many of the elements are examples and do vot it the scope of the disclosure or

claims.

18183}  Specific details are given in the description to provide a thorough
understanding of example configurations (including tmplementations). However,
configurations may be practiced without these specific details. For exarople, well-
known circuits, processes, algorithms, structures, and techniques have been shown
without unnecessary detail in order to avoid obscuring the configurations. This
description provides example configurations only, and does not hinnt the scope,
applicability, or configurations of the clairns. Rather, the preceding description of the

configurations will provide those skilled in the art with an enabling description for
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iroplementing described techniques. Various changes may be made in the function and

arrangement of elements without departing from the spirit or scope of the disclosure.

18114}  Also, configurations may be described as a process which is depicied as a flow
diagram or block diagram. Although each may describe the operations as a sequential
process, many of the operations can be performed in paraliel or concurrently. In
addition, the order of the operations may be rearranged. A process may have additional
steps not included in the figure. Furthermore, examples of the methods may be
iropiemented by hardware, software, firmware, middleware, microcode, hardware
description languages, or any combination thercof. When implemented in software,
firmware, middleware, or microcode, the program code or code segments to perform the
necessary tasks may be stored in a non-transitory computer-readable medium such as a

storage medium. Processors may perform the described tasks.

(8115} Having described several example configurations, varicus modifications,
alternative constructions, and equivalents may be used without departing from the spirit
of the disclosure. For examiple, the above elements may be componeuts of a larger
systern, wherein other rules may take precedence over or otherwise modify the
application of the invention. Also, a number of steps may be undertaken before, during,

or after the above elements are considered.
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WHAT IS CLAIMED IS:

I. A mobile device for obtaining at least one bodily function
measurement, comprising:

an outer body sized {0 be portable for a user;

a processor contained within the outer hody;

a plurality of sensors physically coupled to the cuter body for obtaining
data accessible by the processor;

wherein one or more of the sensors is contigured to obtain a fivst
measurement indicative of blood volume in response to 8 user action, wherein at least
one of the sensors configured to obtain the first measurement is contained within a
contact button coupled to the outer body;

wherein one or more of the sensors is configured to obtain 2 second
measurcment indicative of heart electrical activity in response to the user action; and

wherein the processor is configured to facilitate generation of a blood

pressure measurernent based on the first measurement and the second measurcment.

2. The mobile device of claim 1 whereiu the mobile device is
configured to perform a primary function and a secondary function, and wherein the
processor is configured to facilitate generation of the blood pressure measurement as the

secondary function of the mobile device.

3. The mobile device of claim | wherein the first measurement

mdicative of blood voluroe comprises a photoplethysmography (PPG) roeasurement.

4, The mobile device of claim 1 wherein the second measurement
indicative of heart electrical activity comprises an electrocardiography (ECG)

measurement.

5. The mobile device of clatm 1 wherein the one or more of the
sensors configured o obtain the first meeasurement indicative of blood volure
comprises at icast one light sensor, and wherein the mobile device further comprises at
feast one light source and the at least one light sensor measures reflected light from the
tight source reflected off of blood vessels within a user of the mobile device to obtain

the first measurement,
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6. The mobile device of claim 5, wherein the at least one light

source comprises an infrared (IR) light emitting diode (LED).

7. The mobile device of claim 1 wherein the one or more of the
sensors configured to obtain the second measurement indicative of heart electrical
activity comprises at least a fivst electrode and a second electrode, and wherein a portion
of a user of the mobile device’s body completes a circuit between the first electrode and

the second electrode.

Q

8. The mobile device of ¢claim 1 wherein the mobile device is at

least one of a smartphone device or a watch.

9. The mobile device of claim 1 wherein 4t least one of the sensors
ig built into a multifunction surface, wherein the multifunction surface is configured to
simultancously obtain the first measurement or the second measurement and a user

mput.

16, A method for obtaining at least one bedily function measurement
via a mobile device, comprising:

obtaining, via a plurality of sensors physically coupled to an suter body
of the mobile device, a first measurement indicative of blood volume in response to a
user action, wherein at least one of the sensors is contained within a contact bution
coupled to the outer body;

obtaining, via the plurality of sensors, a second measurement indicative
ot heart electrical activity in response to the user action; and

facilitating, via a processor of the mobile device, generation of a blood
pressure measurement based on the first measurement and the second measurement,
wherein the processor is contained within the outer body of the mobile device, the cuter

hody sized to be portable for the user.

P The method of claim 10 wherein the mobile device is configured
to perform a primary function and a secondary function, and wherein the facilitating

step 18 performed as the secondary function of the mobile device.

2. The method of claim 10 wherein the first measurement indicative

of blood volume comprises a photoplethysrography (PPG) measureroent.
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13 The method of ¢claim 10 wherein the second measurement
indicative of heart electrical activity comprises an electrocardiography (ECG)

measurement.

14 The method of claim 10 wherein the plarality of sensors
comprises at least one light sensor and the mobile device comprises at least one hight
source, and wherein obtaining the first measurement indicative of blood volume
comprises measuring, via the at least one light sensor, reflected light from the light
source reflected off of blood vessels within a user of the mobile device to obtain the

first measurement,

15 The method of claim 14, wherein the at least one light source

comprises an infrared (IR) light emitting diode (LED).

6. The method of claim 10 wherein the plurality of sensors
comprises at least a fivst electrode and a second electrode, and wherein obtaining the
second measurement indicative of heart electrical activity comprises detecting
completion of a circuit between the first electrode and the second electrode via a portion

of the aser’s body.

17. The method of claim 10 wherein the mobile device 1s at least one

of a smartphone device or a watch.

I8, The method of claim 10 whercin at lcast once of the sensors 18
built into a multifunction surface, wherein the multifunction surface is configured to
simultancously obtain the first measurement or the second measurement and a aser

mput.

19, Anapparatus for obtaining at least one bodily function
measurcnent, comprising:

means for obtaining, via a plurality of sensors physically coupled (o an
outer body of a mobile device, a first measurement indicative of blood vohime in
response 1o a user action, wherein at Jeast one of the sensors is contained within a
contact button coupled to the cuter body;

means for obtaining, via the phurality of sensors, a second measurernent

mdicative of heart electrical activity in response to the user action; and



WO 2015/061783 PCT/US2014/062425
31

means for facilitating, via a processor of the mobile device, generation of
a blood pressure measurement based on the first measurement and the second
measurement, wherein the processor is contained within the outer body of the mobile

device, the outer body sized 1o be portable for the user.

20.  The apparatus of claim 19 wherein the mobile device is
configured to perform a primary tunction and a secondary function, and wherein the

facilitating step is performed as the secondary function of the mobile device.

21, The apparatus of claim 19 wherein the first measurement
mndicative of blood volume comprises a photoplethysmography (PPG) measurement,
and wherein the second measurement indicative of heart electrical activity comprises an

clectrocardiography (ECG) measurement,

22 The apparatus of claim 19 wherein the plarality of sensors
comprises at least one light sensor and the mobile device comprises at least one hght
source, and wherein the rocans for obtaining the fivst measurerment indicative of blood
volume comprises means for measuring, via the at least one light sensor, reflected light
from the Hight source reflected off of blood vessels within a user of the mobile device to
obtain the first measurement, and wherein the at least one hight source is an infrared

(iR} light emitting diode (LED),

23. The apparatus of claim 19 wherein the plurality of sensors
comprises at feast a first elecirode and a second elecivode, and wherein the means for
obtaining the second roeasurement indicative of heart electrical activity comprises
means for detecting completion of a circuit between the fivst electrode and the second

electrode via a portion of the user’s body.

24. The apparatus of claim 19 wherein at least one of the sensors is
built into a mubtifunction surface, wherein the multifunction surface is configured to
stmultaneously obtain the fivst measurement or the second measurement and a user

mput.

25. One or more non-transitory computer-readable media storing

computer-executable instructions for constructing a representation of a planar object
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that, when executed, cause one or more computing devices inchuded in a mobile device
to:

obtain, via a plurality of sensors physically coupled to an cuter body of
the mobile device, a first measurement indicative of biood volume in response to a user
action, wherein at least one of the sensors is contained within a contact button coupled
to the outer body;

obtain, via the plurality of sensors, a second measurernent indicative of
heart electrical activity in response to the user action; and

facilitate, via a processor of the mobile device, generation of a blood
pressure measurement based on the first measurement and the second measurement,
wherein the processor is contained within the outer body of the mobile device, the outer

body sized to be portable for the user.

~5

26. The non-transitory computer-readable media of claim 25 wherein
the mobile device is configured to perform a primary function and a secondary function,
and wherein the facilitating step is performed as the secondary function of the mobile

device,

27. The non-transitory computer-readable media of claim 25 wherein
the first measurement indicative of blood volume comprises a photoplethysmography
{PPG) measurement, and wherein the second measurement indicative of heart electrical

activity comprises an electrocardiography (ECG) measurement.

28, The non-transitory computer-readable media of claim 25 wherein
the plurality of sensors comprises at least one fight sensor and the mobile device
comprises at least one light source, and wherein obtaining the first measurement
indicative of blood volume comprises measuring, via the at least one light sensor,
reflected light from the light source reflected off of blood vessels within a user of the
mobile device (o obtain the first measurement, and wherein the at least one light source

is an infrared (IR} ight emitting diode (LED).

29 The non-transitory computer-readable media of claim 25 wherein
the plurality of sensors comprises at least a fivst electrode and a second clectrode, and

wherein the obtaining the second measurement indicative of heart electrical activity
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comprises detecting completion of a circuit between the first electrode and the second

electrode via a portion of the user’s body.

30. The non-transitory computer-readable media of claim 25 wherein
at least one of the sensors is built into a muitifunction surface, wherem the
multifunction surface is configured to stmultancously obtain the first measurement or

the second measurement and a user input,



WO 2015/061783 PCT/US2014/062425
1/12

MOBILE DEVICE
100
Processor
110
Microphone
120 Module 1
162
Display
130
Module 2
) 164
Input Device
140 Memory
— 160
Speaker
150 Camera
170
Sensors
180
Light Sensors Light Source
182 185
Electrodes
184
Computer-Readable Medium
190
PPG Measurement Module Impedance Measurement
192 Module
198
ECG Measurement Module
194
Blood Pressure Hydration Level
Measurement Module Measurement Module
196 199

FIG. 1



WO 2015/061783 PCT/US2014/062425
2/12

260 210 250

230

Side of phone Optical Heart Rate (PPG)
contacts for ECG on Finger

FIG. 2



PCT/US2014/062425

WO 2015/061783

3/12

260

PPG

Hydration

o
AN
o

FIG. 3



PCT/US2014/062425

WO 2015/061783

4/12

* owsAyod

¢ 0001

lld 9ce-
sii.\\i\

. o003

£

ainssaid poojg

~—

ovv

V¥ Ol

>u___o_m_._m> ajey MeaH

0¥0cL6/cC

awi|

mncoo@m

A
N

w

¢¢ 818/E1/¢¢ N/029/2C

uonoa|eY




WO 2015/061783 PCT/US2014/062425
5/12

FIG. 4B

310 :
Top View

of Watch

460

PPG

Contact 2

FIG. 4C



WO 2015/061783

490

490

490

490

PCT/US2014/062425

6/12

Rt

RO

s,

e

NN

NN NN NN

IR SRR

R

s

480

22008 0UER N

NS

SRNVRNEN ovevn

RERERREERER

e o
SN

AR AR A

o

FIG. 4D



PCT/US2014/062425

WO 2015/061783

7/12

duepadur]

Apog
daaq 7

¢ Ol

""illlllll/

aussip daag
|
|

s u ............ m..rww_.,.-‘... ww..&.:.m
— ad > S > - \
\ ovc.sumﬂm- A ov.yuu_m.— P

up IR GINN GENE PR GEND GENE SEEE EElE G TN S




WO 2015/061783 PCT/US2014/062425
8/12

Fricke’s circuit

Two parallel electrical conductors: 600
Recw): H2O-Na

Racw): H2O-K
isolated by a cell membrane (X.)

REcw)

FIG.6



WO 2015/061783 PCT/US2014/062425
9/12

700

710 710 710

N \ N

AC Bioelectric
PPG Pulse Accelerometer Impedance
Measurement (Finger to Wrist)

Hydration State

Heart Rate from total body

Heart Rate

Variability water
720 720
Stress
Calculation 710
720 2-lead ECG Heart
Blood Pressure Rate
(Pulse Transit Time) L (Finger to Wrist)
720

FIG. 7



WO 2015/061783 PCT/US2014/062425

800

10/12

.

820

AN

830

N

810

obtain, via a plurality of sensors physically coupled to an outer body of a
mobile device, a first measurement indicative of blood volume in response to
a user action indicating a need for the at least one bodily function
measurement

obtaining, via the plurality of sensors, a second measurement indicative of
heart electrical activity in response to the user action indicating a need for
the at least one bodily function measurement

facilitating, via a processor of the mobile device, generation of a blood
pressure measurement based on the first measurement and the second
measurement, wherein the processor is contained within the outer body of
the mobile device, the outer body sized to be portable for the user

End

FIG. 8




WO 2015/061783 PCT/US2014/062425
11/12

910

AN

obtaining, via a plurality of sensors comprising electrodes and physically
coupled to an outer body of the mobile device, a measurement to provide at
least one measure of impedance associated with a user’s body in response
to a user action indicating a need for the at least one measure of impedance,
wherein a portion of the user’s body positioned between the electrodes
completes a circuit

920

N

facilitate, via a processor of the mobile device, generation of a hydration level

measurement based on the measure of impedance, wherein the processor is

contained within the outer body of the mobile device, the outer body sized to
be portable for the user

End

FIG. 9



WO 2015/061783 PCT/US2014/062425
12/12

10002

1002
Processor(s) Working
r\) Memory
1004
Storage Device(s) OSp;Sr?etlrzg
1006 ]
1016 1018
1014 )
Input Device(s) (
1008 icati
Application(s)
Output Device(s)
1010 10,20
Camera(s)
Communications
r\) Subsystem
1012

FIG. 10



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/062425

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/00 A61B5/0404
ADD.

A61B5/026

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

[0024],
[0106]

paragraphs [0021],
[0032], [0037],
figures 1-5, 15

8 October 2008 (2008-10-08)
paragraphs [0017], [0034],
[0058], [0059], [0064],
figures 5, 6

AL) 24 June 2010 (2010-06-24)
paragraphs [0002], [0018],
figures 1, 2,

[0056] ,
[0066]

[0033]

X EP 2 644 089 Al (LIFEWATCH TECHNOLOGIES 1-30
LTD [IL]) 2 October 2013 (2013-10-02)
[0026] ,

X EP 1 977 688 A2 (LG ELECTRONICS INC [KR]) 1-30

X US 2010/160793 Al (LEE WEN-CHING [TW] ET 1-30

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

19 January 2015

Date of mailing of the international search report

23/01/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Worms, Georg

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/062425
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2644089 Al 02-10-2013  EP 2644089 Al 02-10-2013
US 2014031646 Al 30-01-2014
WO 2013144968 Al 03-10-2013
EP 1977688 A2 08-10-2008  EP 1977688 A2 08-10-2008
KR 20080090194 A 08-10-2008
US 2008249382 Al 09-10-2008
US 2010160793 Al 24-06-2010  TW 201023823 A 01-07-2010
US 2010160793 Al 24-06-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

L 5ER

SAERGERE

BEGF)

BT R TIRY

Ho

RATERABHRZBREEEIENENRENS &

EP3060100A1
EP2014793968
BEROBRLE

BT

all

S NG

al

it

MARTIN RUSSEL ALLYN
SHEYNBLAT LEONID

HOFFMAN DOUGLAS WAYNE

MARTIN, RUSSEL ALLYN
SHEYNBLAT, LEONID

HOFFMAN, DOUGLAS WAYNE

A61B5/00 A61B5/0404 A61B5/026

2016-08-31

2014-10-27

patsnap

A61B5/021 A61B5/0059 A61B5/02028 A61B5/0261 A61B5/0402 A61B5/0404 A61B5/0537 A61B5/681
A61B5/6824 A61B5/6898 A61B5/7278 A61B5/742

14/523588 2014-10-24 US
14/278062 2014-05-15 US
61/895995 2013-10-25 US

Espacenet

—NEEERNEBNSE KRG, HENATRMR
Mixg, BHRBABERTETAFEENARES , S SENBESE
MEALERR | UIRYEHBEFNBEEN S MERR, ERFEER
REETRMAENSE —NEBENERE T A3 E9 0 8538958
“NEE, ETE-NENEF-NEBEMENE, FRF[LIETER

W, Hp TRz ANAF SN 52 TREHRMNE
AP SHEXNES—HERNE, ETHRANEBEEKESKEN


https://share-analytics.zhihuiya.com/view/76329c7f-1938-4708-8064-d3d26b7ded8c
https://worldwide.espacenet.com/patent/search/family/051866358/publication/EP3060100A1?q=EP3060100A1

