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(57) ABSTRACT 
An apparatus and method for obtaining a physiological mea 
Surement associated with a user using a portable device is 
disclosed herein. Information displayed on a touch-sensitive 
display of the portable device specifies the contact area(s) on 
the portable device for a user to touch. One or more areas on 
the portable device and/or a detachable device connected to 
the portable device comprise conductive areas for measuring 
the resistance or impedance of the user's body between those 
conductive areas. 

  



Patent Application Publication Jun. 18, 2015 Sheet 1 of 12 US 201S/O164353 A1 

crisis 
iiie alist 

elephoned S. 
Smartphere "C" 

- 

N YSets s w % Pate Y, 
Y. /% Contralier 

Centee . Assently 
Assently : 

& 

TOTI 

F.G. B. 

Audiovideo 
eice cities 
70 Asserty 

Pessa N ww. 4. - Cottputer 

Controller N Assembly 
s 

  

  



Patent Application Publication 

2: 

204 

218 

Jun. 18, 2015 Sheet 2 of 12 US 201S/O164353 A1 

Display Physiological 
Patarieter Captire 

strictions 

Physiological 
airaieef 

Ottai Sectic 
Physiological 
parateef 

Reading 

eastfeiter its 

Physiologica 
eaStreet 

Detected Physiological 

isplay Physiotogica 
easier8 

Save andlor Transmit 

- 

: 

for Correct Body 

wasvarea researoa see see see aces 

isplay instructions 

estatic 

  



Patent Application Publication 

isitatic 
Display iodie 

hysiciagica 
38eef 

Detection Module 

Jun. 18, 2015 Sheet 3 of 12 

Physiciogica 
ie3Seet 

Calculation iodie 

st-actisit 
isite 

sia 
Assessity 

s 

US 201S/O164353 A1 

  



Patent Application Publication Jun. 18, 2015 Sheet 4 of 12 US 201S/O164353 A1 

- Y - 
| ONE Ali, 
LiKETHS: A A C & NR 

/ - f2- if it is 
R. 

N 
Y S RASS, O 

YOUR BODY FATCONTENT is, O. 
YOURBODY WATER CONTENTIS. O. 

YR FE 

WTNAND, f{ENNE 
o RS FY: E i? 

AS SS, 

F.G. B. 

  



Patent Application Publication Jun. 18, 2015 Sheet 5 of 12 US 201S/O164353 A1 

iii. NES 
OVERE CAERA it is is 
ANE FAS, - Ai fi : 

X. S. E. FAS, KS: 

Yi is 
EY rS. 

  



Patent Application Publication 

ŠC E 
Y: E. 

F.G. 4 

Jun. 18, 2015 Sheet 6 of 12 

A ES: 
EC is 8 x is 
R. N. N. 

& six: SR 
is SS 
Yi Oii. 

& E. 
(WITH THE SLEEVE ON) 

it is, 

& FR 
R 

iš. YERE 
S. 

US 201S/O164353 A1 

  

  



Patent Application Publication Jun. 18, 2015 Sheet 7 of 12 US 201S/O164353 A1 

  



Patent Application Publication Jun. 18, 2015 Sheet 8 of 12 US 201S/O164353 A1 

  



US 201S/O164353 A1 Jun. 18, 2015 Sheet 9 of 12 Patent Application Publication 

  



Patent Application Publication Jun. 18, 2015 Sheet 10 of 12 US 201S/O164353 A1 

  



US 201S/O164353 A1 Jun. 18, 2015 Sheet 11 of 12 Patent Application Publication 

  



Patent Application Publication Jun. 18, 2015 Sheet 12 of 12 US 201S/O164353 A1 

1008 . 

is: 
spiay 

Riain essary 
Aipita-Nigetic 
input evice X instructions 

Siai i8 mory its stic 
isitics 

R88cias 
exist 

8 
isk 

Siga Generatic 

F.G. O. 

  

  

  

  

  



US 2015/O164353 A1 

OBTAINING PHYSIOLOGICAL 
MEASUREMENTS USINGAPORTABLE 

DEVICE 

CLAIM OF PRIORITY 

0001. This patent application is a continuation of U.S. 
patent application Ser. No. 13/402,452 entitled “OBTAIN 
ING PHYSIOLOGICAL MEASUREMENTS USING A 
PORTABLE DEVICE filed Feb. 22, 2012, the entire con 
tents of which are hereby incorporated in its entirety. 

TECHNICAL FIELD 

0002 The present disclosure relates to obtaining physi 
ological measurement in general, and in particular embodi 
ments, to obtaining physiological measurements using a por 
table device. 

BACKGROUND 

0003. In recent years there has been an increase in health 
awareness as people live longer, more people become over 
weight, and the cost of health care rises. One of the ways to 
take better care of yourself is by basic monitoring of your 
physiological state. Physiological measurements, such as 
pulse, electrocardiogram (ECG), body fat, or body hydration 
measurements, are common in sports and wellness fields. 
Examples of current measurement devices include wrist 
watches that measure pulse rates, a chest strap with a loop and 
hook closure, calipers to measure body fat, water scales to 
measure body fat, and a set of electrodes attached to various 
parts of a torso for ECG measurements. Conventional physi 
ological measurement devices tend to be dedicated devices in 
that they are designed to serve a single purpose for use in 
obtaining a particular type of physiological measurement. 
Body fat calipers, for example, cannot also be used to obtain 
ECG measurements or be used for other purposes. 
0004 A limitation of current physiological measurement 
devices is relative high cost and complexity of use. The rela 
tive high cost arises due to a small customer base of sports and 
wellness users as opposed to the general population. Sports 
and wellness enthusiasts are also more willing to pay more for 
a perceived specialty device than the public at large. The 
Small customer base also means less design resources are 
likely to be devoted to the product. The end result is a device 
that requires pre-existing knowledge by the user and requires 
consulting (repeatedly) a user's manual in order to properly 
use the device. 

BRIEF SUMMARY 

0005. In certain embodiments, portable devices, such as 
Smart phones and tablets, are used to generate one or more 
physiological measurements associated with a user. In some 
embodiments, the user interacts with the portable device as 
he/she normally would, and the portable device is configured 
to sense physiological parameter(s) about the user and trans 
late it into useful health assessment information. In other 
embodiments, the user may be instructed by the portable 
device to position portions of his/her body in a certain way 
relative to the portable device to provide the physiological 
parameter(s). Sensed physiological parameter(s) are con 
Verted into physiological measurements such as, but not lim 
ited to, ECG measurements, pulse measurements, body fat 
content measurements, and/or body water content measure 
mentS. 
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0006. Other features and aspects of the invention will 
become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings which 
illustrate, by way of example, the features inaccordance with 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 Some embodiments are illustrated by way of 
example and not limitations in the figures of the accompany 
ing drawings, in which: 
0008 FIGS. 1A-1D illustrate exemplary portable devices 
used to obtain physiological measurements according to 
Some embodiments. 
0009 FIG. 2 illustrates an exemplary flow diagram for 
obtaining physiological measurements using a portable 
device in accordance with some embodiments. 
0010 FIG. 3 illustrates a block diagram showing modules 
configured to facilitate the process of flow diagram of FIG. 2. 
0011 FIGS. 4A-4F illustrate exemplary user interface 
presented on the touch sensor panel of the portable device to 
provide instructions on how to use the portable device to 
obtain physiological measurement(s). 
(0012 FIGS. 5A-5D illustrate exemplary portions of the 
user's body that may contact the various embodiments of the 
first contact area according to some embodiments. 
(0013 FIGS. 6A-6C illustrate exemplary portions of the 
user's body that may contact or be in near contact with the 
various embodiments of the first contact area according to 
some embodiments. 
(0014 FIGS. 7A-7C illustrate exemplary portions of the 
user's body that may contact the various embodiments of the 
second contact area according to Some embodiments. 
(0015 FIGS. 8A-8D provide exemplary illustrations of the 
user simultaneously touching the portable device and/or the 
detachable device at two sensor locations according to some 
embodiments. 
0016 FIG. 9 illustrates an exemplary user interface pre 
sented to the user on the touch sensor panel providing guid 
ance to achieve proper position? orientation during measure 
ment according to some embodiments. 
0017 FIG. 10 depicts a block diagram representation of an 
example architecture for the controller assembly. 
0018. The headings provided herein are for convenience 
only and do not necessarily affect the scope or meaning of the 
terms used. 

DETAILED DESCRIPTION 

0019. The following detailed description refers to the 
accompanying drawings that depict various details of 
examples selected to show how the present invention may be 
practiced. The discussion addresses various examples of the 
inventive subject matter at least partially in reference to these 
drawings, and describes the depicted embodiments in Suffi 
cient detail to enable those skilled in the art to practice the 
invention. Many other embodiments may be utilized for prac 
ticing the inventive subject matter than the illustrative 
examples discussed herein, and many structural and opera 
tional changes in addition to the alternatives specifically dis 
cussed herein may be made without departing from the scope 
of the inventive subject matter. 
0020. In this description, references to “one embodiment' 
or “an embodiment,” or to “one example' or “an example 
mean that the feature being referred to is, or may be, included 
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in at least one embodiment or example of the invention. 
Separate references to “an embodiment' or “one embodi 
ment” or to “one example' or “an example' in this description 
are not intended to necessarily refer to the same embodiment 
or example; however, neither are such embodiments mutually 
exclusive, unless So stated or as will be readily apparent to 
those of ordinary skill in the art having the benefit of this 
disclosure. Thus, the present invention can include a variety 
of combinations and/or integrations of the embodiments and 
examples described herein, as well as further embodiments 
and examples as defined within the scope of all claims based 
on this disclosure, as well as all legal equivalents of Such 
claims. 
0021 For the purposes of this specification, a “processor 
based system’ or “processing system' as used herein, 
includes a system using one or more microprocessors, micro 
controllers and/or digital signal processors or other devices 
having the capability of running a “program.” (all Such 
devices being referred to herein as a “processor”). A "pro 
gram' is any set of executable machine code instructions, and 
as used herein, includes user-level applications as well as 
system-directed applications or daemons. 
0022 FIGS. 1A-1D illustrate exemplary portable devices 
used to obtain physiological measurements according to 
Some embodiments. A portable device comprises, but is not 
limited to, a mobile telephone or smartphone 100, a portable 
tablet 150, an audio/video device 170, a personal computer 
190 such as a laptop or netbook, any variety of mobile devices 
that include a touch sensor panel, or the like. Each of the 
mobile telephone/smart phone 100, portable tablet 150, 
audio/video device 170, and personal computer 190 includes 
a touch sensor panel 102 (also referred to as a touch sensitive 
display, touch sensitive screen, or a touchpad) and a controller 
assembly 104. The touch sensor panel 102 includes an array 
of pixels to sense touch event(s) from a user's finger, other 
body parts, or objects. Examples of touch sensor panel 102 
includes, but is not limited to, capacitive touch sensor panels, 
resistive touch sensor panels, infrared touch sensor panels, 
and the like. The controller assembly 104 is configured to 
provide processing capabilities (discussed in detail with ref 
erence to FIG. 10) for the portable device. 
0023. Each of the mobile telephone/smartphone 100, por 
table tablet 150, audio/video device 170, and personal com 
puter 190 may also include a power button, a menu button, a 
home button, a Volume button, a camera, a light flash Source 
for the camera, and/or other components to operate or inter 
face with the device. 

0024 FIG. 2 illustrates an exemplary flow diagram 200 for 
obtaining physiological measurements using a portable 
device in accordance with some embodiments. FIG. 3 illus 
trates a block diagram showing modules configured to facili 
tate the process of flow diagram 200. The modules shown in 
FIG.3 are included in the controller assembly 104. The mod 
ules of FIG. 3 comprise conceptual modules representing 
instructions encoded in a computer readable storage device. 
When the information encoded in the computer readable stor 
age device are executed by the controller assembly 104, com 
puter system or processor, it causes one or more processors, 
computers, or machines to perform certain tasks as described 
herein. Both the computer readable storage device and the 
processing hardware/firmware to execute the encoded 
instructions stored in the storage device are components of 
the portable device. Although the modules shown in FIG. 3 
are shown as distinct modules, it should be understood that 
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they may be implemented as fewer or more modules than 
illustrated. It should also be understood that any of the mod 
ules may communicate with one or more components exter 
nal to the portable device via a wired or wireless connection. 
0025 FIG. 2 will be discussed in reference to FIG. 3, as 
well as to other figures herein, which further depict examples 
of operation of various embodiments of the devices described 
herein. In FIG. 2, at a block 202, the touch sensor panel 102 
displays information to a user of the portable device to initiate 
capture of the user's physiological parameters. An informa 
tion display module 300 is configured to generate and facili 
tate information for display on the touch sensor panel 102. 
Information presented to the user includes, but is not limited 
to, textual, graphical, animation, image, and/or video instruc 
tions on how and where to touch the portable device for the 
portable device to capture the desired physiological param 
eters. Such information may also be provided to the user in an 
audio format, either automatically or in response to the user's 
request. The user interface providing capture information/ 
instruction to the user can comprise one or more interface 
pages or screens depending on, for example, the particular 
physiological measurement to be obtained, desired contact 
location(s) on the portable device, or the portable device's 
display size. 
0026. Physiological measurements aid in health assess 
ment and health awareness. Physiological measurements may 
be medically recommended due to a health condition or a 
person may wish to know quantitative or qualitative informa 
tion about his body for fitness, dietary, or other purposes. 
Examples of physiological measurements include, but are not 
limited to, electrocardiogram (ECG) measurements, pulse 
measurements (also referred to as heart rate or pulse rate 
measurements), body fat content measurements, blood pres 
Sure, and body water content measurements. 
0027. In one embodiment, physiological measurements 
are obtained by having a user simultaneously touch a portable 
device at two locations, thereby creating a closed electrical 
circuit including the user. The two contact locations on the 
portable device comprise electrodes (also referred to as con 
ductors or sensors). This action permits the portable device to 
capture electrical characteristics of the user and translate the 
captured information into well-understood physiological 
measurements such as pulse rate. In the case of ECG or pulse 
measurements, the captured electrical characteristics com 
prise measuring the resistance between the two locations on 
the user's body that are in contact with the portable device. In 
the case of body fat or water content measurements (part of 
bioelectrical impedance analysis (BIA)), the captured elec 
trical characteristics comprise measuring the impedance 
between the two locations on the user's body that are in 
contact with the portable device. The accuracy of the mea 
Surements increase when the two locations on the user's body 
that contact the device are from opposite sides of the user's 
torso (e.g., from each of the user's left and right extremities) 
at least for cardiac-related measurements. 

0028. In another embodiment, physiological measure 
ments are obtained by having a user simultaneously touch a 
light source and a light sensor, located near the light source, 
on a portable device. A light from the light source enters the 
portion of the user's body that is in contact with the light 
Source (e.g., finger tip), and a reflected light exits the portion 
of the user's body for detection by the light sensor. The 
changing blood Volume in the user's body, corresponding to 
the user's heartbeat, results in the reflected light being a train 
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of light pulses. A single location on the user's body (e.g., a 
single contact location) is Sufficient to measure the pulse 
using optical measurement methods. 
0029 FIGS. 4A-4F illustrate exemplary user interface 
presented on the touch sensor panel 102 of the portable device 
to provide instructions (also referred to as guidance or direc 
tions) on how to use the portable device to obtain physiologi 
cal measurement(s). In FIG. 4A, a first user interface page or 
screen 400 includes a textual item 402 and an image item 404, 
each providing instructions for making contact with a first 
electrode or sensor location on the portable device. The first 
user interface screen 400 instructs the user to hold or grip the 
portable device as he normally would when using the device 
(e.g., natural hold or gripping gesture). For example, if the 
back or side of the portable device comprises a conductive 
material (e.g., is metallic), naturally holding the device will 
provide Sufficient contact with a first contact location. A 
second user interface page or screen 406 includes a graphical 
item 408 (also referred to as a contact location, area, or region 
identifier) (e.g., a circle) that specifies where on the touch 
sensor panel 102 the user's finger should touch to make 
Sufficient contact with a second contact location. (To be dis 
cussed in detail below, the location of the graphical item 408 
coincides with the location of a top conductive portion or 
layer of the touch sensor panel 102.) Once the user's physi 
ological parameters from the first and second contact loca 
tions are captured by the portable device, the corresponding 
physiological measurements can be displayed in the second 
user interface page 406 as measurement items 410. In FIG. 
4A, the pulse, body fat content, and body water content mea 
Surements can be displayed in the second user interface page 
406. Notice that screens 400 and 402 provide detailed instruc 
tions such as where to touch the portable device, what part of 
the user's body should touch the portable device, and the like. 
FIG. 4B is similar to FIG. 4A except a second user interface 
page or screen 412 instructs the user to place his or her inner 
wrist to the designated second contact location. People are 
used to taking pulse measurements by counting their pulse on 
their inner wrist, and FIG. 4B shows a similar way for the user 
to obtain pulse measurements through use of the device. 
0030 FIGS. 4C and 4D provide example instruction sets 
for optical capture of the user's physiological parameter. Note 
that depending on the size of the touch sensor panel 102, more 
than one user interface page may be combined into one user 
interface page. In FIG. 4D, if the touch sensor panel 102 of the 
portable device is about the size of or larger than a person’s 
hand, such as may be the case when the portable device is the 
tablet 150, a graphical item 414 representative of a hand 
outline can be displayed to guide the user to place his/her 
palm on that area of the touch sensor panel 102. 
0031 FIGS. 4E and 4F provide example instruction sets to 
capture the user's physiological parameters using the por 
table device with a detachable (portable) device attached to 
the portable device. In FIG. 4E, a detachable dongle is con 
nected to one or more data ports of the portable device. In the 
example of FIG. 4E, the detachable dongle includes a pair of 
buttons that serve as electrodes or sensor locations. The user 
places a finger from each of his/her right and left hands on the 
respective buttons to complete a circuit. The portable device 
processes the detected physiological data to present one or 
more physiological measurements (pulse, body fat content, 
body water content, etc.) on the touch sensor panel 102. 
0032 FIG. 4F illustrates instructions (in this example, 
only text information is provided although images, animation 
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and other formats are also possible) in which the first contact 
location is located on a sleeve, case or cover of the portable 
device and the second contact location is located on the por 
table device. The sleeve or case should be attached to the 
portable device at the time of the data capture. At least a 
portion of the sleeve or case comprises conductive material 
(such as the portion of the sleeve coincident with the sides of 
the portable device). The second contact location may be any 
location on the touch sensor panel 102 (provided the panel 
102 includes a top conductive layer throughout the panel). In 
Some embodiments, one of the contact locations may be 
located at a remote location to the portable device; and may be 
in either wired or wireless communication with the portable 
device. For example, in some systems the contact location 
(for example, an optical sensor or source, or an electrical 
sensor or source) may be coupled via a wired connection to 
the portable device. In one example configuration, for 
example, an electrode (for either receiving or omitting a sig 
nal) might be placed in an earbud in a position to electrically 
contact the wearer when worn. The electrode can be coupled 
by a wire and connector contact to a Suitably configured 
mating connector in the portable device. 
0033. It should be understood that FIGS. 4A-4F are 
merely provided as examples and other variations—in the 
way the portable device and/or additional attached device(s) 
captures the user physiological characteristics and/or in the 
manner in which instructions/guidance to the user may be 
presented—are within the scope of the invention. FIGS. 
4A-4F should not be construed to be limiting as to what and 
how the portable device interacts with the user to facilitate 
capture of user physiological parameters. 
0034. Next at a block 204, a physiological parameter 
detection module 302 is configured to obtain a first physi 
ological parameter associated with the user being in contact 
with a first contact area on the portable device (or detachable 
device as appropriate). The first contact area (also referred to 
as a first electrode, first sensor, first contact location, first 
contact region, etc.) may be located on the portable device or 
the detachable device that is appropriately attached to the 
portable device, as discussed in detail below. The material at 
the first contact area that comes into (electrical) contact with 
the user comprises a conductive material Such as, but not 
limited to, a metallic material, or another material having a 
sufficiently low electrical resistivity to allow function as an 
electrode for purposes of the intended measurements. 
0035. For physiological measurements based on the cir 
cuit-completion concept (e.g., those measuring the resistance 
or impedance associated with the user), the first contact area 
may comprise any of, but is not limited to: (1) at least a portion 
of a back of the portable device, (2) at least a portion of a side 
of the portable device, (3) at least a portion of an antenna of 
the portable device, (4) at least a portion of a button on the 
portable device, (5) at least a portion of a button on a detach 
able device that is attached to the portable device, or (6) at 
least a portion of a sleeve or case that is on the portable device. 
0036 FIGS. 5A-5D illustrate exemplary portions of the 
user's body that may contact the various embodiments of the 
first contact area. As understood by a person of skill in the art, 
any number of other portions of the users anatomy may 
alternatively touch the first contact area to provide the first 
physiological parameter. FIG. 5A shows a user's hand 500 
holding or gripping the portable device, as he/she normally 
would when using the portable device. In this normal or 
natural holding position, the palm of the hand 500 may con 
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tact 502 at least a portion of the back of the portable device 
according to one embodiment. If the back of the portable 
device comprises a conductive material. Such contact permits 
capture of the first physiological parameter. In another 
embodiment, the hand 500 (in particular, the user's finger(s)) 
may contact 504 at least a portion of the side (e.g., edge) of the 
portable device. If the side of the portable device comprises a 
conductive material. Such contact permits capture of the first 
physiological parameter. In still another embodiment, the 
contact 504 can be between the hand 500 (in particular, the 
user's finger(s)) and at least a portion of an antenna provided 
on the side of the portable device. When the antenna com 
prises a conductive material, such contact provides the first 
physiological parameter. 
0037 FIG. 5B shows the user's hand 500 touching 506 at 
least a portion of a button provided on the portable device 
(e.g., a location on the portable device outside of the touch 
sensor panel 102). The button may comprise, but is not lim 
ited to, a home button, a menu button, a power button, a 
Volume button, a dedicated sensor for capturing physiological 
information, and the like. The button comprises a conductive 
material. The button is not limited to being on a front side of 
the portable device, and instead may alternatively be located 
on a side, back, or bottom of the portable device. For example, 
the volume button may be provided on a side of the portable 
device. 

0038 FIG.5C shows the user's hand 500 touching 512 at 
least a portion of abutton provided on a detachable device 510 
attached to the portable device. The detachable device 510 
may comprise a dongle or the like, that is configured to 
establish data (and power) connection with the portable 
device when attached thereto. The button provided on the 
detachable device 510 comprises abutton or other electrically 
conductive surface configured to detect an electrical property 
of the user when the user also touches another portion of the 
portable device or the detachable device (discussed in detail 
below). 
0039 FIG.5D shows the portable device at least partially 
encased in a sleeve or case 520. The sleeve? case 520 may 
encase the back, sides, and the perimeter of the front of the 
portable device, leaving the touch sensor panel 102 visually 
and tactilely available for the user. The sleeve? case 520 makes 
physical contact with at least a portion of a conductive Surface 
of the portable device (e.g., metallic back panel of the por 
table device). Similar to the holding or gripping position 
discussed above for FIG. 5A, the user's hand 500 may simi 
larly hold or grip the portable device encased in the sleeve? 
case 520. The hand 500 then contacts 522 at least portion of 
the back of the sleeve? case 520 in one embodiment, or the 
hand 500 (e.g., finger(s)) may contact 524 at least a portion of 
the side or edge of the sleeve? case 520. The sleeve? case 520 
comprises a conductive material. 
0040. For physiological measurements based on optical 
detection of the user's physiological characteristics, the first 
contact area comprises a light Source and a light detector/ 
sensor in proximity to the light source on the portable device 
(or detachable device as appropriate). As will be apparent to 
those skilled in the art, the light source and the light detector 
will often be assemblies having windows or lenses and/or 
other components that facilitate the device function. These 
assemblies may integrate the involved components, or the 
assemblies may be formed when the components are 
assembled in an operative relationship in the device. The light 
Source and light detector/sensor are positioned relative to 
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each other such that light emitted from the light source enters 
a portion of the user's body and reflected light exiting the 
portion of the user's body is detectable by the light detector/ 
sensor. Unlike electrical contact between the user's body and 
a conductive surface discussed above, physical contact 
between the light source or light detector/sensor with the 
user's body is not necessarily required. The first contact area 
may comprise any of, but is not limited to: (1) a camera and a 
light emitting diode (LED) flash of the portable device, (2) at 
least a portion of the touch sensor panel 102 and a pixel sensor 
included in the touch sensor panel 102, or (3) a light source 
and light detector/sensor provided in a detachable device 
attached to the portable device. 
0041 FIGS. 6A-6C illustrate exemplary portions of the 
user's body that may contact or be in near contact with the 
various embodiments of the first contact area. As understood 
by a person of skill in the art, any number of other portions of 
the users anatomy may alternatively touch the first contact 
area to provide the first physiological parameter. FIG. 6A 
shows the users hand 500 in contact with or near 602 a 
camera 604 and a LED 606 provided on the back of the 
portable device (rear facing camera assembly). The physi 
ological parameter detection module 302 is configured to 
cause the LED 606 to emit light and the camera 604 to take 
one or more images (or a video) of the reflected light from the 
users hand, and in particular, from the user's finger tip as 
shown in FIG. 6A. Although not shown, the users hand 500 
may alternatively hold or grip the portable device as shown in 
FIG. 5A. This natural gripping gesture would also place a 
user's finger (e.g., pointer finger) over the camera 604 and 
LED 606 to obtain the first physiological parameter. 
0042 FIG. 6B shows the user's hand 500 placed over a 
portion of the touch sensor panel 102 that includes one (or a 
set of) pixel sensors 608. In this embodiment, the touch sensor 
panel 102 includes one or a set of pixel sensors 608 at a 
pre-determined location in the panel. The pixel sensors 608 
may be located at any location in the touch sensor panel 102. 
such as near or at a corner of the panel. In FIG. 6B, the pixel 
sensors 608 are shown at the bottom left of the touch sensor 
panel 102. The physiological parameter detection module 
302 is configured to cause the touch sensor panel 102 to 
illuminate light Sufficient to serve as a light source. The pixel 
sensors 608 are configured to receive the reflected light from 
the users hand 500. 

0043 FIG. 6C shows a detachable device 600 attached to 
the portable device, the detachable device 600 comprising a 
clip-type device including a light source and a light detector/ 
sensor pair. The user's hand 500 (in particular, the tip of a 
finger) is placed within the opening of the detachable device 
600. The detachable device 600 may include a sensor to 
automatically obtain the first physiological parameter when 
an object is place within its opening, the device 600 may 
include a start button or actuator to start detecting the first 
physiological parameter, or the portable device may control 
the operation of the detachable device 600. 
0044) Next at a block 206, the physiological parameter 
detection module 302 is configured to obtain a second physi 
ological parameter associated with the user being in contact 
with a second contact area on the portable device (or detach 
able device as appropriate). The second contact area (also 
referred to as a second electrode, second sensor, second con 
tact location, second contact region, etc.) may be located on 
the portable device or the detachable device that is appropri 
ately attached to the portable device, as discussed in detail 
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below. The material at the second contact area that comes into 
(electrical) contact with the user comprises a conductive 
material such as, but not limited to, a metallic or other appro 
priate material, as discussed earlier herein. The second con 
tact area is distinct from the first contact area. The second 
contact area may have a different conductive material than the 
first contact area. 

0045. For physiological measurements based on the cir 
cuit-completion concept (e.g., those measuring the resistance 
or impedance associated with the user), the first and second 
physiological parameters are obtained while the user is simul 
taneously touching the first and second contact areas. The 
second contact area may comprise any of, but is not limited to: 
(1) a particular region or location on the touch sensor panel 
102, (2) at least a portion of a button on the portable device, or 
(3) at least a portion of a button or other sensing location on a 
detachable device that is attached to the portable device. 
0046 FIGS. 7A-7C illustrate exemplary portions of the 
user's body that may contact the various embodiments of the 
second contact area. The portion of the user's body that con 
tacts the second contact area is distinct from the portion of the 
user's body that contacts the first contact area. As understood 
by a person of skill in the art, any number of other portions of 
the users anatomy may alternatively touch the second con 
tact area to provide the second physiological parameter. FIG. 
7A shows a user's hand 700 (e.g., a user's finger tip or palm) 
touching 702 a pre-specified location on the touch sensor 
panel 102. The pre-specified location is conveyed to the user 
by displaying a graphical or image item 704 coincident with 
the pre-specified location on the touch sensor panel 102. The 
touch sensor panel 102 includes a transparent conductive 
material layer at least at the pre-specified location. Such 
conductors are known to those skilled in the art, and may be 
formed, as just one example, of materials such as indium-tin 
oxide (ITO). The conductive layer is provided as the top layer 
of the touch sensor panel 102, so that the user makes direct 
electrical contact with the conductive layer. Alternatively, the 
touch sensor panel 102 may include a conductive layer across 
the exterior surface of the entire panel (or a desired portion 
thereof), in which case the user can be instructed to place 
his/her hand (or other body part) anywhere on the touch 
sensor panel 102 covered by the conductive layer. In some 
examples, the Surface conductor may be switched in the 
device to render the conductor electrically neutral except 
during the measurement operation, so as to avoid any detri 
mental impact on functioning of the touch screen. 
0047 FIG. 7B shows the users hand 700 touching 706 a 
button on the portable device (e.g., a sensor that is outside of 
the touch sensor panel 102). The button comprises, but is not 
limited to, a home button, a menu button, a power button, a 
Volume button, a dedicated sensor for capturing physiological 
information, and the like. The button comprises a conductive 
material. The button is not limited to being on a front side of 
the portable device, and instead may alternatively be located 
on a side, back, or bottom of the portable device. For example, 
the volume button may be provided on a side of the portable 
device. Also, in various embodiments, these “buttons' may be 
either mechanical (i.e., having moveable components), or 
Solid state (functioning through electrical or other forms of 
sensing); and Such solid state “buttons' also include virtual 
buttons depicted on an interactive interface. 
0048 FIG. 7C shows the user's hand 700 contacting a 
sensor located on a detachable device 710. The sensor com 
prises a conductive material. The detachable device 710 is 
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connected to the portable device via a data (and power) link. 
The sensor of the detachable device 710 may be controlled by 
the device itself or the physiological parameter detection 
module 302 of the portable device. 
0049. For physiological measurements based on optical 
detection, obtaining the second physiological parameter is 
not required (e.g., block 206 is optional). 
0050 FIGS. 8A-8D provide exemplary illustrations of the 
user simultaneously touching the portable device and/or the 
detachable device at two sensor locations according to some 
embodiments. In FIG. 8A, the user is holding the portable 
device with one hand 500 (e.g., the left hand)—the contact 
502 formed between the back of the portable device and the 
hand 500 or the contact 504 formed between the side or 
antenna of the portable device and the hand 500 to provide 
the first physiological parameter. And the user's other hand 
700 (e.g., a finger from the right hand) is touching 702 a 
specified location on the touch sensor panel 102 to provide the 
second physiological parameter. FIG. 8B shows the user 
holding the portable device with one hand 500 (e.g., the left 
hand) while the users inner wrist of the other hand 700 
contacts a specified location on the touch sensor panel 102. In 
FIG. 8C, the user's hand 500 (e.g., the left hand) is covering 
a light source, a camera, or both a light source and a camera, 
while the user's other hand 700 (e.g., finger tip of the right 
hand) is touching a button (or sensor) located on the detach 
able device 710 attached to the portable device. In FIG. 8D, 
the users hand 500 (e.g., finger tip of the left hand) is touch 
ing a specified location on the touch sensor panel 102 while 
the user's other hand 700 (e.g., finger tip of the right hand) is 
touching abutton (or sensor) located on the detachable device 
710 attached to the portable device. 
0051. Additional examples of contact configurations 
between the user and the portable device and/or the detach 
able device Suitable to generate physiological measurements 
are provided in the table below. 

To obtain first physiological To obtain second 
parameter physiological parameter 

FIG.S.A FIG. 7A 
FIG.S.A FIG. 7B 
FIG.S.A FIG.7C 
FIG.SB FIG. 7A 
FIG.SB FIG. 7B 
FIG.SB FIG.7C 
FIG.SC FIG. 7A 
FIG.SC FIG. 7B 
FIG.SC FIG.7C 
FIG.SD FIG. 7A 
FIG.SD FIG. 7B 
FIG.SD FIG.7C 
FIG. 6A 
FIG. 6B 
FIG. 6C 

0052. In some embodiments, a gyrometer included in the 
portable device is actuated by the gyrometer module 304 to 
obtain a gyrometer reading indicative of the orientation of the 
portable device at the time the user's physiological parameter 
(s) are obtained (block 208). The gyrometer module 304 
checks the gyrometer reading to determine if the portable 
device is improperly positioned relative to certain reference 
portion(s) of the user's body (block 210). For certain kinds of 
blood dynamic measurements (e.g., pulse measurements), 
how the user holds the portable device overall relative to 
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his/her heart affects the accuracy of the resulting physiologi 
cal measurement. If, for example, the portable device (and the 
detachable device attached to the portable device) is too high 
or too low relative to the user's heart, the resulting pulse 
measurement may be inaccurate. In another example, an 
accelerometer included in the portable device may be used to 
determine whether the user is motionless during the physi 
ological measurement; and if motion parameter is identified 
(for example, direction, speed, force) that meets a threshold 
criteria indicating that it could reflect a basis for error in the 
measurement, appropriate feedback can be provided. This 
feedback could include, for example, restarting the measure 
ment process or some portion thereof, or providing a caution 
ary warning to the user, Such as through a displayed image or 
displayed text, and/or an audible signal. In still another 
example, a front-facing camera included in the portable 
device may be used to determine the position and orientation 
of the portable device with respect to the user during mea 
Surement. Again, if the position or orientation is determined 
to be less than desirable (as may be determined by comparing 
the image properties (such as for example, the angle of facial 
recognition) to one or more references), then appropriate 
feedback, as described above, may be provided to the user. 
0053. If the gyrometer module 304 determines that there is 
improper position? orientation (yes branch 212), then the 
information display module 300 causes the touch sensor 
panel 102 to display instructions to the user to correct the 
position/orientation (block 214). As an example, FIG. 9 illus 
trates an exemplary user interface 900 presented to the user on 
the touch sensor panel 102 providing guidance (e.g., text and 
image items 902) for the user to achieve proper position/ 
orientation during measurement. Once one or more user inter 
face pages are displayed to the user pertaining to achieving 
proper position?orientation, instructions regarding where the 
user should touch the portable device (and portable device as 
appropriate) are re-displayed to the user (returns to block 
202). 
0054 For physiological measurements (e.g., body water 
content or body fat content measurements) where the position 
or orientation of the portable device (and detachable device as 
appropriate) relative to the user's body is not relevant, blocks 
208, 210, 214 may be omitted. 
0055 Ifat block 210 the position/orientation is deemed to 
be proper (no branch 216), then the obtained physiological 
parameter(s) are processed by hardware, firmware, and/or 
Software to generate a physiological measurement corre 
sponding to the captured physiological parameter(s) (block 
218). Different processing treatment may be required 
depending on the particular physiological measurement 
desired and/or the type of physiological parameter(s) 
obtained in blocks 204, 206. A physiological measurement 
calculation module 306 is configured to perform the conver 
sion calculations. For example, the first physiological param 
eter comprising optical data may be filtered and amplified by 
circuitry prior to undergoing Software-based processing Such 
as Fourier frequency analysis. As another example, physi 
ological parameters that are resistive measurements from one 
side of the user's upper torso to the other side comprise Lead 
1 ECG signals. Such Lead 1 ECG signals can be translated or 
converted into a heart rate measurement using known algo 
rithmic methods. An exemplary algorithmic method includes 
digital preprocessing to reject wideband noise and baseline 
drift, followed by multiscale analysis of the preprocessed 
signal for QRS complexes, and spectral analysis for charac 
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teristic frequency content (e.g., sinus rhythms or Ventricular 
fibrillation (VFIB)). Alternatively, the detected Lead 1 ECG 
signals may undergo no or minimal processing and thus 
remain as ECG measurements. Calculation of body water 
content or body fat content from the first and second physi 
ological parameters may also be performed using known 
algorithmic methods by the physiological measurement cal 
culation module 306. Examples of suitable algorithmic meth 
ods for body fat content determination are known in the art, as 
demonstrated, for example, by Ursula G. Kyle et al., “Bio 
electrical impedance analysis part I: review of principles and 
methods.” Clinical Nutrition, Vol. 23 (5): 1226-1243 (2004). 
Examples of suitable algorithmic methods for body water 
content determination are known in the art, as demonstrated, 
for example by G. Bedogniet. al., European Journal of Clini 
cal Nutrition, Vol. 56, Number 11, pp. 1143-1148 (currently 
available at http://www.nature.com/ejcn/journal/viš6/n11/ 
full/1601466a.html). 
0056 Next at a block 220, the calculated physiological 
measurement is displayed on the touch sensor panel 102. The 
information display module 300 facilitates display of the 
physiological measurement in the user interface provided to 
the user in block 202. For example, the user's pulse rate, body 
fat content, and/or body water content can be displayed as 
measurement items 410 (FIG. 4A). 
0057 The calculated physiological measurement along 
with related information (e.g., time and date stamp, user 
identifier) can be saved (block 222) by a post-calculation 
module 308. The post-calculation module 308 may also 
facilitate transmission of the physiological measurement (and 
related information) over a network, Such as over a cellular 
network or WiFi, to a remote device. By saving and/or com 
municating one or more physiological measurements over 
time. Such information may illuminate trends for useful 
health assessment. 

0058. It is understood that one or more blocks of FIG. 2 
may be performed in a different sequence than shown in FIG. 
2. For example, block 208 may be performed before blocks 
204 or 206. One or more blocks of FIG. 2 may also be 
performed simultaneously instead of serially as shown in flow 
diagram 200. Blocks 204, 206, 208, for example, may be 
performed in parallel with each other, or blocks 220 and 222 
may be performed at the same time. 
0059. In this manner, portable devices, such as smart 
phones and tablets, are used to generate one or more physi 
ological measurements associated with a user. In some 
embodiments, the user interacts with the portable device as 
he/she normally would, and the portable device is configured 
to sense physiological parameters about the user and translate 
it into useful health assessment information. Such informa 
tion physiological measurements—includes ECG mea 
Surements, pulse measurements, body fat content measure 
ment, and/or body water content measurement. In other 
embodiments, the portable device provides instructions for 
the user to position body part(s) relative to the portable device 
to obtain the physiological parameters. 
0060 Part of the appeal of portable devices is their versa 

tility in performing a variety of tasks that spans a person’s 
personal and work needs. Such portable devices include 
Sophisticated processors and inputs/outputs that are adapt 
able over time to changing needs. This means one device can 
take the place of multiple devices, each multiple device only 
capable of a specific function. Another appeal of portable 
devices is their portability. Because they are small enough for 
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a person to put in a pocket or otherwise carry around, they are 
more likely to be used rather than dedicated devices. More 
over, because of the popularity of portable devices, these 
devices enjoy a high amount of design resources, which tends 
to result in a more refined user interface than dedicated physi 
ological measurements devices serving a smaller customer 
base. 
0061 Additionally, because many of the example portable 
devices (like phones, tablets, laptops, etc.) have Wifi and/or 
cellular communication capability, the physiological mea 
Surements can be communicated, either automatically or pur 
Suant to a user input, to a database or other record keeping 
facility, or to an intended recipient (such as a health care 
professional. Alternatively, the measurements can be down 
loaded, such as though a syncing function, with another elec 
tronic device. 
0062 FIG. 10 depicts a block diagram representation of an 
example architecture for the controller assembly 104. 
Although not required, in many configurations for the con 
troller assembly 104 would include one or more micropro 
cessors which will operate pursuant to one or more sets of 
instructions for causing the machine to perform any one or 
more of the methodologies discussed herein. 
0063. The example controller assembly 1000 includes a 
processor 1002 (e.g., a central processing unit (CPU), a 
graphics processing unit (GPU) or both), a main memory 
1004 and a static memory 1006, which communicate with 
each other via a bus 1008. The controller assembly 1000 may 
further include a video display unit 1010 (e.g., a liquid crystal 
display (LCD) or a cathode ray tube (CRT)). The controller 
assembly 1000 may also include an alphanumeric input 
device 1012 (e.g., a keyboard, mechanical or virtual), a cursor 
control device 1014 (e.g., a mouse or track pad), a disk drive 
unit 1016, a signal generation device 1018 (e.g., a speaker), 
and a network interface device 1020. 
0064. The disk drive unit 1016 includes a machine-read 
able medium 1022 on which is stored one or more sets of 
executable instructions (e.g., apps) embodying any one or 
more of the methodologies or functions described herein. In 
place of the disk drive unit, a solid-state storage device. Such 
as those comprising flash memory may be utilized. The 
executable instructions may also reside, completely or at least 
partially, within the main memory 1004 and/or within the 
processor 1002 during execution thereof by the controller 
assembly 1000, the main memory 1004 and the processor 
1002 also constituting machine-readable media. Alterna 
tively, the instructions may be only temporarily stored on a 
machine-readable medium within controller 1000, and until 
such time may be received over a network 1026 via the 
network interface device 1020. 

0065. While the machine-readable medium 1022 is shown 
in an example embodiment to be a single medium, the term 
“machine-readable medium' as used herein should be taken 
to include a single medium or multiple media (e.g., a central 
ized or distributed database, and/or associated caches and 
servers) that store the one or more sets of instructions. The 
term “machine-readable medium' or “computer-readable 
medium’ shall be taken to include any tangible non-transitory 
medium (which is intended to include all forms of memory, 
volatile and non-volatile) which is capable of storing or 
encoding a sequence of instructions for execution by the 
machine. 
0066. Many additional modifications and variations may 
be made in the techniques and structures described and illus 
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trated herein without departing from the spirit and the scope 
of the present invention. For example, the described methods 
and systems have been described for passive measurement of 
electrical or optical properties of the user's physiology. How 
ever, active-type of measurements may also be possible. As an 
example, the user may contact two electrodes on a detachable 
device and the detachable device may further send a small 
electric current through the user's body. The resistance mea 
sured between the two electrodes with the introduced electric 
current provides a measure of body fat. Accordingly, the 
present invention should be clearly understood to be limited 
only by the scope of the claims and equivalents thereof. 

1-20. (canceled) 
21. A system for obtaining a physiological measurement, 

comprising: 
a touch-sensitive display included in a first portable device: 
a first contact area located at a second portable device, the 

first contact area comprising a light source and a light 
detector; 

a second contact area located at the first portable device, the 
first contact area electrically isolated from the second 
contact area; and 

a processor in communication with each of the touch 
sensitive display, the first contact area, and the second 
contact area, the processor configured to receive a first 
physiological parameter when the user simultaneously 
contacts the first and second contact areas, and is further 
configured to process the received first physiological 
parameter to determine the physiological measurement. 

22. The system of claim 21, wherein the processor is 
included in the first portable device. 

23. The system of claim 21, wherein the first portable 
device comprises a Smartphone. 

24. The system of claim 22, wherein the second contact 
area comprises a conductive portion of the first portable 
device. 

25. The system of claim 24, wherein the conductive portion 
comprises at least one of an antenna, a physical button, a 
sensor, and a casing of the first portable device. 

26. The system of claim 21, wherein the second portable 
device is configured to be electrically coupled to and detached 
from the first portable device. 

27. The system of claim 21, wherein the second portable 
device comprises a cover for the first portable device or a 
dongle. 

28. The system of claim 21, wherein the second contact 
area comprises a top conductive layer of the touch-sensitive 
display. 

29. The system of claim 21, wherein a finger or an inner 
wrist of the user contacts the first contact area. 

30. The system of claim 21, wherein the second contact 
area comprises a pre-determined location on the touch-sen 
sitive display. 

31. The system of claim 30, wherein an image is displayed 
on the touch-sensitive display corresponding to the pre-de 
termined location. 

32. The system of claim 21, further comprising a camera 
and a light emitting diode (LED), wherein at least one of the 
camera and the LED comprise the first contact area. 

33. The system of claim 21, wherein the touch-sensitive 
display comprises a liquid crystal display (LCD) and a pixel 
sensor, wherein the pixel sensor is included in the second 
COntact area. 
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34. The system of claim 21, further comprising a gyrometer 
included in the first portable device, wherein the gyrometer is 
configured to detect orientation of the first portable device as 
the first and second physical parameters are being received. 

35. The system of claim 34, wherein the touch-sensitive 
display displays information for the user to correct orienta 
tion of the first portable device. 

36. The system of claim 21, wherein the touch-sensitive 
display is configured to display instructions for the user to 
provide the first physiological parameter. 

37. The system of claim 21, wherein the processor is con 
figured to receive the first physiological parameter from the 
first contact area and a second physiological parameter from 
the second contact area. 

38. The system of claim 21, wherein the first physiological 
parameter comprises an electrocardiogram (ECG) measure 
ment, a pulse measurement, or a bioelectrical impedance 
analysis (BIA) measurement. 

39. The system of claim 21, further comprising a transmit 
ter in communication with the processor, the transmitter con 
figured to transmit the first physiological parameter to a 
remote device. 

40. A method for obtaining a physiological measurement, 
the method comprising: 

displaying information on a touch-sensitive display of a 
first portable device, the displayed information includ 
ing identification of a first contact area or a second 
contact area to be touched by a user; 

receiving, from a second portable device, a first physiologi 
cal parameter associated with the first contact area 
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located at the second portable device, the first physi 
ological parameter associated with a physiological prop 
erty of the user; and 

generating the physiological measurement using the first 
physiological parameter. 

41. The method of claim 40, wherein the second contact 
area comprises at least a portion of the touch-sensitive dis 
play. 

42. The method of claim 40, further comprising: 
receiving, in response to the user touching the second con 

tact area, a second physiological parameter, the first 
contact area is distinct from the second contact area and 
the user simultaneously touches the first contact area and 
the second contact area, 

wherein the generating of the physiological measurement 
is based on the first physiological parameter and the 
second physiological parameter. 

43. The method of claim 42, wherein the second portable 
device comprises a detachable device in electrical contact 
with the first portable device. 

44. The method of claim 40, further comprising transmit 
ting the physiological measurement to a remote device. 

45. The method of claim 40, further comprising: 
determining, using a gyrometer, that the first portable 

device is improperly oriented relative to a portion of the 
user's body; and 

displaying, on the touch-sensitive display of the first por 
table device, information comprising instructions for the 
user to correct orientation. 

k k k k k 


