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(57) ABSTRACT

A personal electronic device is configured to unobtrusively
detect heart rate and rhythm anomalies utilizing an electro-
cardiogram (EKG)-based detection and monitoring method.
As one example, while a user is using the personal electronic
device for its intended function, such as communicating,
playing music, and/or watching videos, the personal elec-
tronic device may be unobtrusively detecting and recording a
user’s heart rate and heart rhythm to detect anomalies. For
instance, while a user is making a phone call, electrodes ofthe
personal electronic device located in the vicinity of the ear-
piece and on the handset, may come into contact with a user’s
ear and a user’s hand respectively. Thus, while the personal
electronic device is being consciously used for a function
other than EKG monitoring, EKG monitoring is unobtru-
sively occurring.
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PERSONAL ELECTRONIC DEVICES WITH
UNOBTRUSIVE EKG-BASED DETECTION OF
HEART RATE AND RHYTHM ANOMALIES

FIELD OF THE DISCLOSURE

[0001] An exemplary embodiment is generally directed
toward unobtrusively detecting heart rate and heart rhythm
anomalies from personal electronic devices that are con-
sciously being used for a function other than electrocardio-
graphic monitoring, such as listening to music.

BACKGROUND

[0002] Heart rate and rhythm irregularities can sometimes
have catastrophic consequences. A heart rate that is too fast is
referred to as tachycardia, while a heart rate that is too slow is
referred to as bradycardia. A rhythm disturbance or arrhyth-
mia is a condition in which the chambers of the heart do not
contract in the appropriate sequence or with the appropriate
timing. For example, in a type of arrhythmia known as atrial
fibrillation, the upper chambers of the heart tend to quiver or
contract in a disorganized manner. The resulting turbulence
tends to form blood clots, which can travel downstream to a
location where they causes a blockage (e.g., a stroke).
[0003] Many types of heart rhythm irregularity, including
atrial fibrillation, cause no pain or discomfort. Although the
causes of such arrhythmias tend to be treatable, and the like-
lihood of inappropriate clotting thereby reduced significantly,
it is necessary first to know that the condition exists. Because
episodes of arrhythmia tend to be painless and transient, the
need for treatment might not be identified by a health care
professional unless the episode occurs, perhaps coinciden-
tally, while the patient is being examined.

[0004] Portable heart rate monitors, capable of detecting
rate and rhythm irregularities, are well known. Some rely on
simple two-lead electrocardiographic analysis, a good
example being the devices commonly found in health clubs
that can show the user’s heart rate when the user touches the
electrodes on the two hand grips of, for instance, an exercise
bicycle. Another common technique can detect rate and
rhythm irregularities optically, via a process known as pho-
toplethysmography, which is the method underlying pulse
oximeters. However, these conventional portable heart moni-
tors require the user to initiate the monitoring.

SUMMARY

[0005] Given the transient and painless nature of many rate
and rhythm irregularities, and given also that people must
take deliberate steps in order to be monitored, there is a need
for a device that can detect rate and rhythm irregularities as a
background function while the device is being used for unre-
lated common activities. It is with respect to the above issues
and other problems that the embodiments presented herein
were contemplated.

[0006] In accordance with embodiments of the present
invention, personal electronic devices, such as telephones and
media players, having the ability to monitor the electrocar-
diogram (EKG) of a user are provided. Generally, electrode
locations for a two-lead EKG may be such that the shortest
pathway through the body from one electrode to the other
would pass through the heart. Using as an example the exer-
cise bicycle heart rate monitor described above, the shortest
pathway between the user’s two hands passes through the
user’s upper chest and therefore approximately through the
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heart. With regard to embodiments of the proposed invention,
it is important to note that electrodes do not have to be placed
at locations where the shortest pathway through the body
from one electrode to the other passes through the heart in
order to detect the “QRS complex” component of an EKG
signal (which has a highly distinctive shape and occurs with
every heart beat). For example, even though electrodes may
be placed at less-than-optimal locations, the QRS complex is
detectable with one electrode on either hand, and the other
electrode on either ear. Therefore, embodiments of the
present invention may utilize this ear-and-limb (e.g. ear-and-
arm) electrode arrangement to monitor heart rate and rhythm
and to detect anomalies.

[0007] Forexample, in one embodiment consistent with the
present disclosure, an electrode would be placed on the ear-
piece of a wired or wireless handset of a telephone, with the
second electrode placed where the user’s hand comes in con-
tact with the handset. The shape of the handset and the elec-
trode locations may be crafted to ensure that the user doesn’t
“short out” the EKG signal, for example by touching the side
of his head with the hand that is holding the handset. (And
even if a contorted user does short the signal, that short will be
detected, and not falsely interpreted.)

[0008] In another embodiment consistent with the present
disclosure, conductive ear buds or earphones may provide an
alternative to the handset earpiece electrode. When used in
this configuration, the handset may not need to be held in the
hand, as such an arrangement would provide equally good
results if the handset is held against the arm with an elastic
band (a common location when people are engaged in physi-
cal activity). Note also that this configuration may be imple-
mented in a wide range of devices in addition to phones, such
as music players (e.g. iPod®) and hand-held video players. In
some embodiments, users will not need to take steps to ini-
tiate the heart rate and rhythm monitoring. Instead, heart rate
and rhythm monitoring will occur automatically in the back-
ground, or as a background process, whenever the device is
being used for its primary intended purpose, such as tele-
phone conversations, listening to music, and watching vid-
€os.

[0009] In some instances, the personal electronic device
may detect a potentially dangerous cardiac rhythm. In such
occurrences, the personal electronic device may perform one
of many possible options; such options may include, but are
not limited to immediately calling 9-1-1, notifying one or
more health care providers of the detected situation, sending
heart rate and rhythm information to one or more health care
providers, providing a subtle warning to the user after many
detected events, and providing a gentle suggestion to the user
recommending they conduct a more thorough heart rate and
rhythm test and/or tell their health care provider anomalous
event or events may have been detected. In some embodi-
ments, more elaborate schemes could adjust the response
based on the medical history of the user and the history of
critical events. For example, if the device is capable of Inter-
net communication, the device may relay key parameters of
an anomalous rhythm to the user’s health care providers,
thereby allowing the healthcare provider to assess the situa-
tion and provide an appropriate recommendation and/or
response. Moreover, additional features may provide the abil-
ity to record and time-stamp all interesting events.

[0010] Inoneembodiment, a method is provided that com-
prises: operating a personal electric device in a manner con-
sistent with a first use of the personal electric device; mea-
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suring, between two electrodes associated with the personal
electronic device, a differential voltage corresponding to
electrical activity of a heart, wherein the measuring is unob-
trusive and the first use of the personal electric device is other
than electrocardiographic (EKG) monitoring; based ona pro-
cessed differential voltage corresponding to electrical activity
of the heart, determining an anomaly associated with the
electrical activity of the heart; and providing at least one of an
audio notification, a visual notification, and a tactile feedback
notification of the determined anomaly.

[0011] In yet a further embodiment, a personal electronic
device that provides unobtrusive detection of heart rate and
heart rhythm anomalies while operating in a manner consis-
tent with a first of the personal electronic device, the system
comprising: at least two electrodes associated with the per-
sonal electronic device, the at least two electrodes positioned
such that a differential voltage corresponding to electrical
activity of the heart is detected and measured; a cardiac data
analyzer that processes and analyzes the detected and mea-
sured differential voltage corresponding to electrical activity
of the heart to provide a determined anomaly associated with
the electrical activity of the heart; and at least one of a display,
a speaker, and a tactile feedback component that outputs a
notification associated with the determined anomaly;
wherein the detecting and measuring of the differential volt-
age corresponding to electrical activity of the heart is unob-
trusive and a first use of the personal electric device is other
than electrocardiographic (EKG) monitoring.

[0012] In yeta further embodiment, a non-transitory com-
puter readable information storage medium having stored
thereon instructions that cause a computing system to execute
a method is provided, the method comprising operating a
personal electric device in a manner consistent with a first use
of the personal electric device; measuring, between two elec-
trodes associated with the personal electronic device, a dif-
ferential voltage corresponding to electrical activity of a
heart, wherein the measuring is unobtrusive and the first use
of the personal electric device is other than electrocardio-
graphic (EKG) monitoring; based on a processed differential
voltage corresponding to electrical activity of the heart, deter-
mining an anomaly associated with the electrical activity of
the heart; and providing at least one of an audio notification,
avisual notification, and a tactile feedback notification of the
determined anomaly.

[0013] In general, the term electrocardiogram is abbrevi-
ated as EKG and/or ECG, as EKG and ECG mean the same
thing. As used herein, electrocardiogram will be abbreviated
as EKG.

[0014] The phrases “atleast one”, “one or more”, and “and/
or” are open-ended expressions that are both conjunctive and
disjunctive in operation. For example, each of the expressions
“at least one of A, B and C”, “at least one of A, B, or C”, “one
ormore of A, B, and C”, “one or more of A, B, or C” and “A,
B, and/or C” means A alone, B alone, C alone, A and B
together, A and C together, B and C together, or A, B and C
together.

[0015] The term “a” or “an” entity refers to one or more of
that entity. As such, the terms “a” (or “an”), “one or more” and
“at least one” can be used interchangeably herein. It is also to
be noted that the terms “comprising”, “including”, and “hav-
ing” can be used interchangeably.

[0016] The term “automatic” and variations thereof, as
used herein, refers to any process or operation done without
material human input when the process or operation is per-
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formed. However, a process or operation can be automatic,
even though performance of the process or operation uses
material or immaterial human input, if the input is received
before performance of the process or operation. Human input
is deemed to be material if such input influences how the
process or operation will be performed. Human input that
consents to the performance of the process or operation is not
deemed to be “material”.

[0017] The term ‘“computer-readable medium” as used
herein refers to any tangible storage that participates in pro-
viding instructions to a processor for execution. Such a
medium may take many forms, including but not limited to,
non-volatile media, volatile media, and transmission media.
Non-volatile media includes, for example, NVRAM, or mag-
netic or optical disks. Volatile media includes dynamic
memory, such as main memory. Common forms of computer-
readable media include, for example, a floppy disk, a flexible
disk, hard disk, magnetic tape, or any other magnetic
medium, magneto-optical medium, a CD-ROM, any other
optical medium, punch cards, paper tape, any other physical
medium with patterns of holes, a RAM, a PROM, and
EPROM, a FLASH-EPROM, a solid state medium like a
memory card, any other memory chip or cartridge, or any
other medium from which a computer can read. When the
computer-readable media is configured as a database, it is to
be understood that the database may be any type of database,
such as relational, hierarchical, object-oriented, and/or the
like. Accordingly, the disclosure is considered to include a
tangible storage medium and prior art-recognized equivalents
and successor media, in which the software implementations
of the present disclosure are stored.

[0018] Theterms “determine”, “calculate”, and “compute,”
and variations thereof, as used herein, are used interchange-
ably and include any type of methodology, process, math-
ematical operation or technique.

[0019] The term “module” as used herein refers to any
known or later developed hardware, software, firmware, arti-
ficial intelligence, fuzzy logic, or combination of hardware
and software that is capable of performing the functionality
associated with that element. Also, while the disclosure is
described in terms of exemplary embodiments, it should be
appreciated that individual aspects of the disclosure can be
separately claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Exemplary embodiments of the present disclosure
are described in conjunction with the appended figures
where:

[0021] FIG. 1 is a system diagram of a personal electronic
device unobtrusively detecting a heart rate signal in accor-
dance with an exemplary embodiment of the present disclo-
sure;

[0022] FIG. 2 illustrates various personal electronic
devices capable of unobtrusively monitoring a user’s EKG;
[0023] FIG. 3 illustrates a representative configuration for
unobtrusively monitoring an EKG of a user;

[0024] FIG. 4 is a block diagram of a personal electronic
device in accordance with an exemplary embodiment of the
present disclosure;

[0025] FIG. 5 is a block diagram of a communication/
analysis server in accordance with an exemplary embodiment
of the present disclosure;
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[0026] FIG. 6 s a flow diagram depicting a method associ-
ated with a personal electronic device in accordance with an
exemplary embodiment of the present disclosure;

[0027] FIG.7isa flow diagram depicting a second method
associated with a personal electronic device in accordance
with an exemplary embodiment of the present disclosure;
[0028] FIG. 8 is a flow diagram depicting a third method
associated with a personal electronic device in accordance
with an exemplary embodiment of the present disclosure; and
[0029] FIG.9depicts a data structure in accordance with an
exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0030] The ensuing description provides embodiments
only, and is not intended to limit the scope, applicability, or
configuration of the claims. Rather, the ensuing description
will provide those skilled in the art with an enabling descrip-
tion for implementing the embodiments. It being understood
that various changes may be made in the function and
arrangement of elements without departing from the spirit
and scope of the appended claims.

[0031] FIG. 1 shows a personal electronic device 112 that
unobtrusively monitors the heart rate and heart rhythms of a
user 104. An electrocardiogram (EKG) measures small dif-
ferential voltages using electrodes contacting a patient’s skin,
to view the electrical behavior, or electrical characteristics, of
the heart muscle. Stated another way, an EKG is a recording
of a waveform(s)) or heart signal that reflects the electrical
activity of the heart. As shown in FIG. 1, the personal elec-
tronic device 112 may unobtrusively detect a typical heart
signal 116. Heart signal 116 represents a typical cardiac cycle
waveform of a normal heartbeat. The voltages produced rep-
resent pressures exerted by the heart muscles in one pumping
cycle. For example, the first upward deflection, P, is due to
atria contraction and is known as the atrial complex. The other
deflections, Q, R, S, and T, are all due to the action of the
ventricles and are known as the ventricular complexes. Each
time that this signal is present, a heartbeat is generated. By
detecting the Q, R, and S deflections, otherwise known as the
QRS complex, and measuring the time that elapses between
adjacent QRS complexes, heart rate and rhythm irregularities
may be detected. Any detected heart rate and rhythm irregu-
larities may be indicative of a possible heart disorder.

[0032] Embodiments in accordance with the present inven-
tion detect and then monitor the heart signal 116 generated by
the heart 108 of a user 104 for heart rate and rhythm anoma-
lies. In some embodiments, the personal electronic device
112A capable of monitoring a user’s 104 heart rate and
rhythm for anomalies may be implemented in a handset of a
telephone such that an electrode is placed on the earpiece of a
wired or wireless handset of a telephone and a second elec-
trode is placed in a location where the user’s 104 hand comes
in contact with the handset, such as in configuration 132A.
Specifically, auser’s 104 ear may contact the electrode placed
on the earpiece of the handset of the telephone while the
user’s 104 hand (in this instance, the user’s left hand) may
contact the electrode placed on the handset. Assuming the
user’s 104 ear contacts the electrode placed on the earpiece
and the user’s 104 hand contacts the electrode placed on the
handset, QRS complexes of a user’s 104 heart signal 116 may
be detected. By measuring the elapsed time between adjacent
QRS complexes, one or more heart rate and rhythm irregu-
larities associated with a user’s 104 heart 108 may be
detected.
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[0033] The electrode placement of configuration 132A is
considered unobtrusive, as the location of electrodes on the
personal electronic device 112A are positioned in a manner
such that the user 104 contacts at least two electrodes when
using the personal electronic device 112A for its intended or
primary purpose—in this instance a communicating. More-
over, when both electrodes are contacting the user 104 as the
user 104 is using the personal electronic device 112A, the
detection, recording, and analysis of the user’s heart rate and
heart rhythm occurs in an unobtrusive manner. That is, the
monitoring of a user’s 104 heart rate and rhythm is imple-
mented in a device that is consciously being used for a func-
tion other than EKG monitoring, such as the participation in
a communication session (e.g. making a phone call).

[0034] In another embodiment, the personal electronic
device 112B capable of unobtrusively monitoring a user’s
1104 heart rate and rhythm may be configured such that a
headset 120 includes at least one electrode while the personal
electronic device 112B includes a second electrode, as shown
in configuration 132B. Such a configuration 132B may be
consistent with user listening to music or watching videos on
the personal electronic communication device 112B. Specifi-
cally, a user’s 104 ear may contact an electrode placed on
and/or around the headset 120 while the user’s 104 hand (in
this instance, the user’s left hand) may contact an electrode
placed on the personal electronic device 112B. Assuming the
user’s 104 ear contacts the electrode placed on and/or around
the headset 120 and the user’s 104 hand contacts the electrode
placed on the personal electronic device 112B, a QRS com-
plex of a user’s 104 heart signal 116 may be detected. By
measuring the elapsed time between adjacent QRS com-
plexes, one or more heart rate and rhythm irregularities asso-
ciated with a user’s 104 heart 108 may be detected.

[0035] The electrode placement of configuration 132B is
considered unobtrusive, as the location of electrodes on the
personal electronic device 112B are positioned in a manner
such that the user 104 contacts at least two electrodes when
using the personal electronic device 11213 for its intended or
primary purpose—in this instance watching videos and/or
listening to music. Moreover, when both electrodes are con-
tacting the user 104, such as when the user 104 is using the
personal electronic device 112B, the detection, recording,
and analysis of the user’s heart rate and heart rhythm occurs
in an unobtrusive manner. That is, the monitoring of a user’s
104 heart rate and rhythm is implemented in a device that is
consciously being used for a function other than EKG moni-
toring, such as listening to music and/or watching videos.

[0036] In another embodiment, the personal electronic
device 112C for unobtrusively monitoring a user’s 104 heart
rate and rhythm may be configured such that at least one ear
bud 128 includes at least one electrode white the personal
electronic device 112C includes a second electrode, as shown
in configuration 132C. Such a configuration 132C may be
consistent with the personal electronic device 112C being
held against a user’s 104 arm with an elastic band (a common
location when people are engaged in physical activity). Spe-
cifically, a user’s 104 ear may contact an electrode placed on
and/or around at least one of the ear buds 128 A and/or 128B,
while the user’s 104 arm (in this instance, the user’s left arm)
may contact an electrode placed on the personal electronic
device 112C. Assuming the user’s 104 ear contacts the elec-
trode placed on and/or around at least one ear bud 128 and the
user’s 104 arm contacts the electrode placed on the personal
electronic device 112C, a QRS complex of a user’s 104 heart
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signal 116 may be detected. By measuring the elapsed time
between adjacent QRS complexes, one or more heart rate and
rhythm irregularities associated with a user’s 104 heart 108
may be detected.

[0037] The electrode placement of configuration 132C is
considered unobtrusive, as the location of electrodes on the
personal electronic device 112C are positioned in a manner
such that the user 104 contacts at least two electrodes when
using the personal electronic device 112C for its intended or
primary purpose—in this instance listening to audio. More-
over, when both electrodes are contacting the user 104, such
as when the user 104 is using the personal electronic device
112C, the detection, recording, and analysis of the user’s
heart rate and heart rhythm occurs in an unobtrusive manner.
That is, the monitoring of a user’s 104 heart rate and rhythm
is implemented in a device that is consciously being used for
a function other than EKG monitoring, such as listening to
audio.

[0038] Of course, additional configurations 132 may be
realized where the monitoring of a user’s 104 heart rate and
rhythm is implemented in an unobtrusive manner. For
instance, the personal electronic device 112 may be located
onauser’s 104 belt and an electrode of the personal electronic
device 112 may contact the skin of the user 104. In some
embodiments and consistent with the present disclosure,
physical contact may not be required between the electrode
and the user’s 104 skin as an electrode may be of the capaci-
tively coupled noncontact electrode type. In such an instance,
the electrode may be able to detect a heart signal 1116 through
clothing. Additional configurations 132 may include
instances where the personal electronic device 112 is located
in a user’s 104 pocket, located in user’s 104 right hand or
other limb, and/or in contact with user 104 in some other
manner.

[0039] Referring now to FIG. 2, various personal electronic
devices 112 are shown which provide unobtrusive monitoring
of a user’s 104 heart rate and rhythm for anomalies. For
example, personal electronic device 112A illustrates a tele-
phone handset having an electrode 212C located in the vicin-
ity of a headset speaker 204, an electrode 212A and/or 212B
located on the handset 112A, microphone 208, and a infor-
mational message 216 displayed on a display 220 of handset
112A. For instance, while a user 104 is using personal elec-
tronic device 112A for its intended and/or primary purpose,
the electrode 212C may be in contact with the user’s 104 ear
and one or more of electrodes 212A/B may be in contact with
the user’s 104 hand. Thus, the electrodes 212 are operable to
detect the QRS complex of a user’s 104 heart signal 116. It is
important to note that the electrode 212C in the vicinity of a
headset speaker 204 is operable to contact a user’s 104 ear
when the user 104 is using the personal electronic device
112A inits intended manner and/or for its intended function.
Additionally, the one or more electrodes 212A/212B are
operable to contact auser’s 104 hand, arm, limb or otherwise
when the user 104 is using the personal electronic device
112A inits intended manner. Thus, the user 104 does not have
to hold, touch, or come into contact with the personal elec-
tronic device 112A in a manner that is inconsistent with the
manner for which device 112A is intended. That is, the user
104 holds, touches, and/or comes into contact with the per-
sonal electronic device 112A in amanner to utilize a function
other than EKG monitoring, like communicating with
another user. That is, the primary function of a telephone
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handset is to communicate with another user. Therefore, the
detection and analysis of the user’s 104 heart signal is unob-
trusive.

[0040] As another example, a personal electronic device
112C illustrates a music player having an electrode 212G
located on and/or around an ear bud or a set of ear buds 220,
and an electrode 212F located on the music player 112C. For
instance, while a user 104 is using personal electronic com-
munication device 112C for its intended and/or primary pur-
pose, the electrode 212G may be in contact with the user’s
104 ear and electrodes 212F may be in contact with the user’s
104 hand, arm, limb or otherwise. Thus, the electrodes 212
are operable to detect the QRS complex of a user’s 104 heart
signal 116. It is important to note that the electrode 212G as
part of the ear bud 220 is operable to contact a user’s 104 ear
when the user 104 is using the personal electronic device
112F and ear buds 220 in their intended manner and/or for
their intended function, such as listening to music. Addition-
ally, the electrode 212F are operable to contact a user’s 104
hand, arm, limb or otherwise when the user 104 is using the
personal electronic device 112C in its intended manner. Thus,
the user 104 does not have to hold, touch, or come into contact
with the personal electronic device 112C in a manner that is
inconsistent with the manner for which device 112C is
intended. That is, the user 104 holds, touches, and/or comes
into contact with the personal electronic device 112C in a
manner to utilize a function other than EKG monitoring, like
listening to music. That is, the primary function of a music
playing device is to play music. Therefore, the detection and
analysis of the user’s 104 heart signal is unobtrusive.

[0041] Further, as another example, personal electronic
device 112D illustrates a telephone handset 224 having an
electrode 212E located in the vicinity of an earpiece or hand-
set speaker 228, an electrode 212D located on the handset
224, microphone 232, and a display 236 that may display an
informational message. For instance, whilea user 104 is using
personal electronic communication device 112D for its
intended and/or primary purpose, the electrode 212E may be
in contact with the user’s 104 ear and the electrode 212D may
be in contact with the user’s 104 hand. Thus, the sensor
contacts 212 become operable and the QRS complex of a
user’s 104 heart signal 116 may be detected. It is additionally
important to note that the electrode 212E in the vicinity of a
headset and/or speaker 228 is operable to contact auser’s 104
ear when the user 104 is using the personal electronic device
112D in its intended manner and/or for its intended function.
Additionally, the electrode 212D is operable to contact a
user’s 104 hand, arm, and/or limb when the user 104 is using
the personal electronic device 112D in its intended manner.
Thus, the user 104 does not have to hold, touch, or come into
contact with the personal electronic device 112D in a manner
that is inconsistent with the manner for which device 112D is
intended. That is, the user 104 holds, touches, and/or comes
into contact with the personal electronic device 112D in a
manner to utilize a function other than EKG monitoring, like
communicating with another user. That is, the primary func-
tion of a telephone is to communicate with another user.
Therefore, the detection and analysis of the user’s 104 heart
signal is unobtrusive.

[0042] FIG. 3 shows anillustrative embodiment of an unob-
trusive monitoring system 300 for monitoring a user’s 1104
heart rate and rhythm in accordance with at least some
embodiments of the present disclosure. The unobtrusive
monitoring system 300 may comprise a personal electronic
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communication device 112 for monitoring a user’s 104 heart
rate and rhythm for anomalies in an unobtrusive manner. For
example, and as described below, a user’s ear may contact an
electrode, such as electrode placed on and/or around a headset
120, while the user’s hand may contact an electrode placed on
the personal electronic device 112. Upon such contact, the
electrodes may become operable and the QRS complex of a
user’s 104 heart signal 116 may be detected. Thus, the pet-
sonal electronic device 112 may perform the heart rate and
rhythm monitoring steps of 304 comprising unobtrusively
detecting the user’s 104 heart signal, storing the user’s 104
heart signal, analyzing the user’s 104 heart signal, and pro-
viding a recommendation, if any, to the user 104. That is, the
personal electronic device 112 performs all unobtrusive heart
rate and rhythm monitoring steps 304 locally in addition to
performing unrelated and common functions other than EKG
monitoring, such as listening to music or watching videos.

[0043] In some embodiments, the personal electronic
device 112 may include a telecommunication function allow-
ing the personal electronic device 112 to communicate using
a communication network 308. Although the personal elec-
tronic device 112 may perform unobtrusive heart rate and
rhythm monitoring steps 304 locally, the personal electronic
device 112 may additionally and unobtrusively detecta user’s
104 heart rate and rhythm and further augment any process-
ing, analysis, and/or recommendations associated with the
detected heart rate and rhythm utilizing a communication/
analysis server 316. For example, the personal electronic
device 112 may unobtrusively detect auser’s 104 heart signal
116 as previously described. The unobtrusively detected heart
signal 116 may then be stored locally as cardiac information
324 at the personal electronic device 112 and/or transmitted
to the communication/analysis server 316 via the communi-
cation network 308. The transmitted cardiac information 324
may be received at communication/analysis server 316 and
stored in a patient information database 320. The cardiac
information 324 may comprise raw signal data corresponding
to auser’s 104 heart signal 116. Alternatively, or in addition,
the cardiac information 324 may comprise processed signal
data corresponding to a user’s 104 heart signal 116; such
processed information may include heart rate and QRS spe-
cific information.

[0044] As one example, the communication/analysis server
316 may reside at a monitoring site 312, such as at a hospital,
health records collection site, Public Safety Answering Point
(PSAP), healthcare provider, or the like. The communication/
analysis server 316 may process, or further process, and ana-
lyze the received cardiac information 324 and generate one or
more analyses/recommendations 328 based on the processed
cardiac information. The generated analyses/recommenda-
tions 328 may then be transmitted to the personal electronic
device 112 such that a user is informed, if necessary, of any
detected heart rate and/or heart rhythm anomalies and/or
recommendations. Alternatively, or in addition, the cardiac
information 324 and the one or more analyses/recommenda-
tions 328 based on the processed cardiac information may be
stored at the patient information database 320. In some
embodiments, the patient information database may reside
within the monitoring site 312, within the communication/
analysis server 316, and/or external to the monitoring site
312. For example, the patient information database 320 may
be in communication with, either directly or indirectly, the
communication network 308. The patient information data-
base 320 may include additional information pertaining to
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one or more users 104. For example, a history of cardiac
information 324, history of analyses/recommendations 328,
medical information associated with the user 104, and the like
may be stored and later accessible in the patient information
database 320 by the user 104 and/or healthcare providers.
[0045] In accordance with embodiments of the present
invention, the communication network 308 may be packet-
switched and/or circuit-switched. An illustrative communi-
cation network 308 includes, without limitation, a Wide Area
Network (WAN), such as the Internet, a Local Area Network
(LAN), a Personal Area Network (PAN), a Public Switched
Telephone Network (PSTN), a Plain Old Telephone Service
(POTS) network, a cellular communications network, an 1P
Multimedia Subsystem (IMS) network, a Voice over IP
(VoIP) network, a SIP network, a Wi-Fi® network, a Blue-
tooth®, or combinations thereof. The Internet is an example
of the communication network 308 that constitutes an Inter-
net Protocol (IP) network including many computers, com-
puting networks, and other communication devices located
all over the world, which are connected through many tele-
phone systems and other means. In one configuration, the
communication network 308 is a public network supporting
the TCP/IP suite of protocols, Communications supported by
the communication network 308 include real-time, near-real-
time, and non-real-time communications. For instance, the
communication network 308 may support voice, video, text,
web-conferencing, cardiac information, and/or any combina-
tion of media. Moreover, the communication network 308
may comprise a number of different communication media
such as coaxial cable, copper cable/wire, fiber-optic cable,
antennas for transmitting/receiving wireless messages, and
combinations thereof. In addition, it can be appreciated that
the communication network 308 need not be limited to any
one network type, and instead may be comprised of a number
of different networks and/or network types.

[0046] FIG. 4 illustrates a block diagram depicting one or
more components of a personal electronic device 112. The
personal electronic device 112 may include a processor/con-
troller 424 capable of executing program instructions. The
processor/controller 428 may include any general purpose
programmable processor or controller for executing applica-
tion programming. Alternatively, or in addition, the proces-
sor/controller 428 may comprise an application specific inte-
grated circuit (ASIC). The processor/controller 428 generally
functions to execute programming code that implements vari-
ous functions performed by the personal electronic device
112 in accordance with at least some embodiments of the
present disclosure.

[0047] The personal electronic device 112 may addition-
ally include memory 404. The memory 404 may be used in
connection with the execution of programming instructions
by the processor/controller 428, and for the temporary or long
term storage of data and/or program instructions. For
example, the processor/controller 428, in conjunction with
the memory 404 of the personal electronic device 112, may
implement unobtrusive heart rate and rhythm monitoring,
cardiac information processing, applications, and web set-
vices that are used to access one or more monitoring sites 312.
[0048] The memory 404 of the personal electronic device
112 may comprise solid state memory that is resident, remov-
able and/or remote in nature, such as DRAM and SDRAM.
Moreover, the memory 404 may comprise a plurality of dis-
crete components of different types and/or a plurality of logi-
cal partitions. In accordance with stilt other embodiments, the
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memory 404 comprises a non-transitory computer readable
storage medium. Such a medium may take many forms,
including but not limited to, non-volatile media, volatile
media, and transmission media.

[0049] The memory 404 of the personal electronic device
112 may further be operable to store heart rate, heart rhythm,
and/or cardiac information associated with user 104. Specifi-
cally, personal electronic device 112 may include one or more
cardiac sensor interfaces 408. The cardiac sensor interface
408 may be the same or similar to the electrodes contacting a
user’s 104 skin to measure small differential voltages to view
the electrical behavior, or electrical characteristics, of the
heart muscle. For example, the cardiac sensor interface 408
may correspond to or otherwise be associated with an elec-
trode 212C placed in the vicinity of a handset speaker 204 of
apersonal electronic device 112A. Further, the cardiac sensor
interface 408 may correspond to or otherwise be associated
with an electrode 212A located on the side of a personal
electronic device 112A. Generally, the cardiac sensor inter-
face 408 and/or the associated electrode is in contact with a
user and acquires the user’s 104 heart signal 116.

[0050] In some embodiments, the cardiac sensor interface
408 may become operable only when two or more cardiac
sensor interfaces 408 and/or the associated electrodes are in
contact with a user’s 104 skin. Therefore, the personal elec-
tronic device 112 does not receive or attempt to receive a
user’s 104 heart signal 116 unless two or more cardiac sensor
interfaces 408 and/or the associated electrodes are in contact
with a user’s 104 skin. Additionally, the differential voltages
received may be processed, filtered, amplified, or otherwise
altered to better detect a QRS complex and an elapsed time,
and/or distance, between adjacent QRS complexes. Such fil-
tering may occur at the cardiac sensor interface 408. In some
embodiments, the cardiac sensor interface 408 may also tag
or otherwise add electrode/sensor type information to the
detected signal. For example, a cardiac sensor interface 408
comprising an electrode located in an ear bud 128 may require
a different amplification, processing, and/or filtering algo-
rithm than an electrode located on a handset.

[0051] The personal electronic device 112 may further
include user input devices 432 and user output devices 436 to
be used in connection with the personal electronic device 112.
For example, the user 104 may enter information, and/or
make a selection using user input device 432. Other examples
of user input devices 432 include a keyboard, a numeric
keypad, a touch screen, a microphone, scanner, and pointing
device combined with a screen or other position encoder.
Examples of user output devices 436 include a display, a
touch screen display, a speaker, a printer, and a tactile feed-
back component that provides tactile feedback using for
example, vibration, heat, electrical, or any other type of feed-
back. The personal electronic device 112 may include a com-
munication interface 424 to allow for communication
between the personal electronic device 112 and the commu-
nication/analysis server 316. The communication interface
424 may support 3G, 4G, cellular, Wi-Fi®, Bluetooth®,
NFC, RS232, and RF and the like. In some embodiments, the
communication interface 424 may provide one or more
means for sending cardiac information 324 to and/or retriev-
ing analyses/recommendations 328 from the communication/
analysis server 316. As another example, the communication
interface 424 may provide one or more means for retrieving
cardiac information from the personal electronic device 112.
For example, a person or first responder may be able to
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interrogate, access and/or retrieve cardiac information data
from a user’s 104 personal electronic device 112 utilizing the
commuication interface 424.

[0052] The personal electronic device may further include
a cardiac data recorder 412 that records or otherwise stores
the user’s 104 heart signal 116 and information associated
therewith. The cardiac data recorder 412 may store the user’s
104 heart signal 116 and information associated therewith to
or within memory 404. The cardiac data analyzer 416 may
then retrieve one or more pieces of stored information from
the cardiac data recorder 412. For example, the cardiac data
analyzer 416 may retrieve one or more previously stored QRS
complexes for a user 104. The retrieved one or more QRS
complexes may then be analyzed, and/or further processed,
by the cardiac data analyzer 416 to locate, or otherwise deter-
mine, possible heart rate and/or heart rhythm anomalies. As
another example, the cardiac data analyzer 416 may retrieve
one or more heart rate signals 116 for a specific time period
from the cardiac data recorder 412. The cardiac data analyzer
416 may then process the retrieved heart rate signal 116 to
determine one or more values associated with a QRS com-
plex, such as a duration between an adjacent QRS complex
and/or duration of the QRS complex. These determined val-
ues associated with one or more QRS complexes may then be
compared to known parameters indicating cardiac anomalies
and/or non-cardiac anomalies. For example, atrial fibrillation
may be detected when coarse and/or fine fibrillation is present
and/or when the ventricular response (QRS) is irregular, slow,
or rapid. Moreover, in instances where a P wave is detectable,
the absence of a P wave may beindicative of atrial fibrillation.
As another example, two p waves followed by one QRS may
indicate the presence of atrial flutter. As another example, a
duration of a QRS complex that is greater than a threshold, for
example 0.10 seconds, may indicate a heart anomaly. Based
on the detection of and/or non-detection of a heart rate and/or
rhythm anomaly, the cardiac data analyzer 416 may provide
such analyses and/or a recommendation to the user.

[0053] Additionally, the cardiac data analyzer 416 may
compare a user’s heart signal 116 and information associated
therewith to an authoritative information source to determine
whether the heart signal 116 is normal for the user. For
example, the cardiac data analyzer 416 may retrieve from or
otherwise consult an authoritative source of cardiac informa-
tion, such as a medical database, to obtain heart rate and/or
heart rhythm information comprising trends, patterns, and/or
parameters that are specific to the user. This authoritative
information may be stored as authoritative cardiac informa-
tion 438 located at the personal electronic device 112. Alter-
natively, or in addition, the authoritative information may be
accessible via the communication interface 424 and/or the
authoritative cardiac information 438 may be updated via
authoritative information accessible via communication
interface 424. This authoritative information may be based on
a user profile 442 created and maintained at the personal
electronic device 112, a user profile at a patient information
database 320, or the like.

[0054] The user profile 442 may contain user specific and
user relevant information, such as age, activity, fitness level
etc. . .. such that information retrieved from the authoritative
source of information is specific and relevant to the user. As
one example, an authoritative data source may provide an
upper heart rate parameter, a lower heart rate parameter, pat-
terns, trends, or combinations thereof that are specific to a
user’s age and activity information. The cardiac data analyzer
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416 may then compare the user’s heart signal 116 to such
authoritative information to determine whether the heart sig-
nal 116 is normal for the user. For instance, the cardiac data
analyzer 416 may determine that a resting heart rate of 50 is
normal for a distance runner of age of 35; however, the car-
diac data analyzer 416 may determine that a resting heart rate
of 50 for a person of age 80 is not normal.

[0055] Moreover, the user’s user profile 442 may include
historical information for a user; such historical information
may include user specific historical heart rates, user specific
historical heart thythms, and any trends, patterns, and the like
derived from the user specific historical information. The
cardiac data analyzer 416 may compare the user’s heart rate
signal 116 to user specific historical information, trends, pat-
terns, and the like to determine if the user’s heart rate signal
116 is normal. For instance, over time and as a result of
physical activity, a user’s resting heart rate may slowly
decrease; such trend and/or pattern may be used when deter-
mining whether the user’s heart rate is normal.

[0056] Theresult ofthe cardiac data analyzer 416 may then
be used to provide an indication of the analyses and/or a
recommendation to the user. For example, the cardiac data
analyzer 416 may provide an indication to user output 432
alerting the user to a low detected heart rate, abnormal
rhythm, and/or the like; such an alert may also include one or
more recommendations, such as “Seek Medical Attention”.
Alternatively, or in addition, the cardiac data analyzer 416
may notify ahealth care provider of the detected anomaly. For
example, a health care provider may be notified by a text
message, email, phone call or the like; such notification may
include the anomaly detected, an anomaly history, a heart rate
and/or rhythm history, and any notifications that may have
been provided to the user.

[0057] In some embodiments, the personal electronic
device 112 may further include a location information pro-
vider 420. The location information provider 420 may pro-
vide location information related to the cardiac sensor inter-
face 408 and/or one or more electrodes. For instance, the
position of and/or location of an electrode contacting a user’s
104 body may provide one or more views, or angles, of a
user’s 104 heart 108. Different views may provide additional
opportunities for analyzing a user’s 104 heart signal 116 atthe
cardiac data analyzer 416. The memory 404, cardiac sensor
interface 408, cardiac data recorder 412, cardiac data ana-
lyzer 416, location information provider 420, communication
interface 424, processor/controller 428, user input 432, user
output 436, and authoritative/historical cardiac information
438 may all communicate using a bus 440.

[0058] FIG. 5 illustrates a block diagram depicting one or
more components of a communication/analysis server 316.
The communication/analysis server 316 may include a pro-
cessor/controller 460 capable of executing program instruc-
tions. The processor/controller 460 may include any general
purpose programmable processor or controller for executing
application programming. Alternatively, or in addition, the
processor/controller 460 may comprise an application spe-
cific integrated circuit (ASIC). The processor/controller 460
generally functions to execute programming code that imple-
ments various functions performed by the communication/
analysis server 316 in accordance with at least some embodi-
ments of the present disclosure.

[0059] The communication/analysis server 316 may addi-
tionally include memory 444. The memory 444 may be used
in connection with the execution of programming instruc-
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tions by the processor/controller 460, and for the temporary
or long term storage of data and/or program instructions. For
example, the processor/controller 460, in conjunction with
the memory 444 of the communication/analysis server 316,
may implement unobtrusive heart rate and rhythm monitor-
ing, cardiac information processing, applications, and web
services that are used to with one or more personal electronic
devices 112.

[0060] The memory 444 of the communication/analysis
server 316 may comprise solid state memory that is resident,
removable and/or remote in nature, such as DRAM and
SDRAM. Moreover, the memory 444 may comprise a plural-
ity of discrete components of different types and/or a plurality
of logical partitions. In accordance with still other embodi-
ments, the memory 444 comprises a non-transitory computer
readable storage medium. Such a medium may take many
forms, including but not limited to, non-volatile media, vola-
tile media, and transmission media.

[0061] The memory 444 of the communication/analysis
server 316 may further be operable to store heart rate, heart
rhythm, and/or cardiac information associated with a user
104. The communication/analysis server 316 may also
include one or more user input devices 464 and user output
devices 468 to be used in connection with the communica-
tion/analysis server 316. The communication/analysis server
316 may include a communication interface 456 to allow for
communication between a personal electronic device 112 and
the communication/analysis server 316. The communication
interface 456 may support 3G, 4G, cellular, WiFi, Blue-
tooth®, NFC, RS232, and RF and the like. In some embodi-
ments, the communication interface 456 may provide one or
more means for receiving cardiac information 324 and/or
sending, or transmitting, analyses/recommendations 328 to
the personal electronic device 112.

[0062] Similar to the personal electronic device, the com-
munication/analysis server 316 may further include a cardiac
data recorder 448 that records or otherwise stores the user’s
104 heart signal 116 and information associated therewith.
The cardiac data recorder 448 may store the user’s 104 heart
signal 116 and information associated therewith to or within
memory 444. The cardiac data analyzer 452 may then retrieve
one or more pieces of stored information from the cardiac
data recorder 448. For example, the cardiac data analyzer 452
may retrieve one or more previously stored QRS complexes
forauser 104. Theretrieved one or more QRS complexes may
then be analyzed, and/or further processed, by the cardiac
data analyzer 452 in a similar manner as described with
respect to the cardiac data analyzer 416 of the personal elec-
tronic device 112. The memory 444, cardiac data recorder
448, cardiac data analyzer 452, communication interface 456,
processor/controller 460, user input 464, and user output 468
may all communicate using a bus 472.

[0063] Referring now to FIG. 6, a method 600 of perform-
ing unobtrusive heart rate and rhythm monitoring will be
discussed in accordance with embodiments of the present
disclosure. Method 600 is in embodiments, performed by a
device, such as a personal electronic device 112. More spe-
cifically, one or more hardware and software components
may be involved in performing method 600. In one embodi-
ment, one or more ofthe previously described modules and/or
devices perform one or more of the steps of method 600. The
method 600 may be executed as a set of computer-executable
instructions executed by a computer system or personal elec-
tronic device and encoded or stored on a computer-readable
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medium. Hereinafter, the method 600 shall be explained with
reference to systems, components, modules, software, etc.
described with FIGS. 1-5.

[0064] Method 600 may continuously flow in a loop, flow
according to a timed event, or flow according to a change in an
operating or status parameter. Method 600 is initiated at step
S604 where a personal electronic device 112 may start one or
more user initiate functions. For example, a user 104 may
initiate a function such that music is played. Alternatively, or
in addition, a user 104 may initiate a function such that a
communication session is initiated and/or established. At step
608, a personal electronic device 112 may perform such ini-
tiated activity. For example, the personal electronic device
112 may play music, initiate and establish a communication,
play avideo, and/or the like. Importantly, the function, and/or
activity performed at step S608 is unrelated to the detection,
processing, and analysis of the user’s 104 heart rate and/or
heart rhythm.

[0065] As the activity is performed at step S608, the
method also proceeds to step S612 where the personal elec-
tronic device 112 determines whether operable electrodes are
detected. Operable electrodes may correspond to electrodes
that are in contact with a user’s skin. As one example, if
operable electrodes are not detected, such as if a user is not
holding a personal electronic device 112 or the manner in
which the user 104 is holding the personal electronic device
112 does not lend itself to heart rate and/or heart rhythm
detection, the Method 600 may proceed back to step S604. If,
operable electrodes are detected at step S612, the Method 600
proceeds to step S616 where the electrodes of the personal
electronic device 112 detect and receive electrical informa-
tion from the electrodes. For example, electrodes associated
with the cardiac sensor interface 408 may detect the existence
of differential voltages between two or more electrodes cor-
responding to a heart rate signal 116. Such detected voltages
may be amplified, filtered, and converted into a digital repre-
sentation. The detected heart rate signal 116 may then be
stored by the cardiac data recorder 412. It is important to note
that the detection of differential voltage signals may not be
continuous. For example, the detected differential voltages
may occur in only those instances where a user is in contact
with two or more electrodes. The Method 600 may then
proceed to step S620 where the heart rate signal 116 (e.g.
cardiac information) is processed. Such processing at step
S620 will be described in further detail with respect to FIG. 7
and FIG. 8. The processed cardiac information at step S620
may provide one or more results and/or recommendations;
such results of the analyses and recommendations, if any, are
then provided to the user at step S624. For example, if a heart
anomaly is detected at step $620, a notification to seek medi-
cal attention may be provided to the user at step S624. Such
notification may be displayed on a display of a personal
electronic device 112, such as displaying a notification 215 on
the display 220 of personal electronic device 112A. Alterna-
tively, or in addition, a whisper tone or other low-volume
announcement may be used to provide an audible notification
to the user 104. The Method 600 then proceeds to step S628
where Method 600 ends.

[0066] Reaming now to FIG. 7, a method 700 for process-
ing a detected heart signal 116 of a user 104 will be discussed
in accordance with embodiments of the present disclosure.
Method 700 is in embodiments, performed by a device, such
as a personal electronic device 112. More specifically, one or
more hardware and software components may be involved in
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performing method 700. In one embodiment, one or more of
the previously described modules and/or devices perform one
or more of the steps of method 700. The method 700 may be
executed as a set of computer-executable instructions
executed by a computer system or personal electronic device
and encoded or stored on a computer-readable medium. Here-
inafter, the method 700 shall be explained with reference to
systems, components, modules, software, etc. described with
FIGS. 1-6.

[0067] Method 700 may continuously flow in a loop, flow
according to a timed event, or flow according to a change in an
operating or status parameter. Method 700 is initiated at step
S704 where a personal electronic device 112 may initiate the
processing of a detected heart signal 116. As previously dis-
cussed, the unobtrusively detected heart signal 116 may be
stored locally as cardiac information 324 at the personal
electronic device 112. Therefore, the Method 700 may first
retrieve any cardiac information 324 from the cardiac data
recorder 412 and proceed to step S708, where the cardiac
information is analyzed and processed. As previously dis-
cussed, the cardiac data analyzer 416 may be responsible for
carrying out the analysis/processing of the cardiac informa-
tion to locate, or otherwise determine, possible heart rate
and/or heart rhythm anomalies.

[0068] As another example, at step S708, the analysis and
processing may further include determining one or more val-
ues associated with a QRS complex of an unobtrusively
detected heart rate signal. Such values may include, but are
not limited to elapsed time between one or more adjacent
QRS complexes, the duration of the QRS complex, and the
absence and detectability of a P wave. Further, additional
cardiac information history may be received at step S716. The
additional cardiac information may comprise cardiac infor-
mation history specific to the user 104 (e.g. additional cardiac
information for a specified period of time), and/or may
include baseline parameters, trends and any known patterns
indicative of a heart rate and/or rhythm anomaly. Further, and
as previously discussed, such additional cardiac information
may include authoritative information from authoritative car-
diac information 438 and/or user profile 432. At step S716,
the analyzed and processed cardiac information, including
any determined values associated with the QRS complex,
such as the elapsed time between adjacent QRS complexes,
may then be compared to the baseline parameters, trends, and
known patterns received in step S712, daily. Method 700 then
proceeds to step S720 where recommendations and/or results
based on the analyzed and processed cardiac information and
trends, baseline parameters, and known patterns are deter-
mined. For instance and as previously discussed, the previ-
ously determined values associated with the QRS complex
may be compared to known parameters that are indicative of
acardiac anomaly. As one example, the QRS complexes may
be detected at and may be occurring at irregular intervals;
such irregular intervals may indicate atrial fibrillation. Based
on the detected cardiac anomaly, a notification and/or action
to be performed may be determined at step S720 that is
specific to the detected anomaly. For example, if the detected
cardiac information and/or heart signal 116 for a user 104
indicates that the QRS is irregular, slow, or rapid, a recom-
mendation to seek medical attention for further testing may
be determined.

[0069] Alternatively, or in addition, the personal electronic
device 112 may alert health care providers to the anomaly
detected by the cardiac data analyzer 416. In some embodi-
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ments, and depending on the anomaly detected, the personal
electronic device 112 may even dial 9-1-1, though rare. The
determination to alert health care providers may be specific to
information in the user profile 442. For example, and as
previously discussed, the cardiac data analyzer 416 may com-
pare auser’s heart signal 116 and information associate there-
with to an authoritative information source to determine
whether the heart signal 116 is normal for the user. For
example, the cardiac data analyzer 416 may retrieve from or
otherwise consult an authoritative source of cardiac informa-
tion, such as a medical database, to obtain heart rate and/or
heart rhythm information comprising trends, patterns, and/or
parameters that are specific to the user. This authoritative
information may be stored as authoritative cardiac informa-
tion 438 located at the personal electronic device 112. This
authoritative information may be based on a user profile 442
created and maintained at the personal electronic device 112,
auser profile at a patient information database 320, or the like.

[0070] The user profile 442 may contain user specific and
user relevant information, such as age, activity, fitness level
etc., such that information retrieved from the authoritative
source of information is specific and relevant to the user. As
one example, an authoritative data source may provide an
upper heart rate parameter, a lower heart rate parameter, pat-
terns, trends, or combinations thereof that are specific to a
user’s age and activity information; this provided information
may be consulted when determining whether or not to notify
medical providers of a detected anomaly and/or call 9-1-1.
For instance, the cardiac data analyzer 416 may determine
that a resting heart rate of 50 for a distance runner of age of 35
does not warrant a 9-1-1 call; however, the cardiac data ana-
lyzer 416 may determine that a resting heart rate of 50 for a
person of age 80 does warrant a 9-1-1 call. Similarly, authori-
tative cardiac information and/or a user profile information
may be consulted when detaining a notification. The deter-
mined notification may then be provided to the user at step
S724. Method 700 then proceeds to step S728 where it ends.

[0071] Referring now to FIG. 8, a method 800 for process-
ing a detected heart signal 116 of a user 104 will be discussed
in accordance with embodiments of the present disclosure.
Method 800 is in embodiments, performed by a device, such
as a personal electronic device 112 and/or a communication/
analysis server 316. More specifically, one or more hardware
and software components may be involved in performing
method 800. In one embodiment, one or more of the previ-
ously described modules and/or devices perform one or more
of the steps of method 800. The method 800 may be executed
as a set of computer-executable instructions executed by a
computer system or personal electronic device and encoded
or stored on a computer-readable medium. Hereinafter, the
method 800 shall be explained with reference to systems,
components, modules, software, etc. described with FIGS.
1-7.

[0072] Method 800 may continuously flow in a loop, flow
according to a timed event, or flow according to achange in an
operating or status parameter. Method 800 is initiated at step
S804 where a personal electronic device 112 may initiate the
processing of a detected heart signal 116. As previously dis-
cussed, the unobtrusively detected heart signal 116 may be
stored locally as cardiac information 324 at the personal
electronic device 112 or the unobtrusively detected heart
signal 116 may be sent or transmitted to the communication/
analysis server 316. Therefore, the Method 800 may first
retrieve any store cardiac information 324 from the cardiac
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data recorder412 and proceed to step S808, where the cardiac
information is sent to the communication/analysis server 316
as cardiac information 324. At step S812, the communication/
analysis server 316 may receive the cardiac information 324
and store the cardiac information, for information by the
cardiac data recorder 448. Method 800 then proceeds to step
S816 where the cardiac information is analyzed and pro-
cessed.

[0073] As previously discussed, the cardiac data analyzer
452 may be responsible for carrying out the analysis/process-
ing of the cardiac information to locate, or otherwise deter-
mine, possible heart rate and/or heart rhythm anomalies. As
another example, at step S816, the analysis and processing
may further include determining one or more values associ-
ated with a QRS complex of an unobtrusively detected heart
rate signal. Such values may include, but are not limited to
elapsed time between one or more adjacent QRS complexes,
the duration of the QRS complex, and the absence and detect-
ability of P wave. Further, additional cardiac information
history may be received at step S820. Such information may
be received from the patient information database 320 and/or
from the personal electronic device 112. The additional car-
diac information may comprise cardiac information history
specific to the user 104 (e.g. additional cardiac information
for a specified period of time), and or may include baseline
parameters, trends and any known patterns indicative of a
heart rate and/or rhythm anomaly. At step S824, the analyzed
and processed cardiac information, including any determined
values associated with the QRS complex, such as the elapsed
time between adjacent QRS complexes, may then be com-
pared to the baseline parameters, trends, and known patterns
received in step S820, if any.

[0074] Method 800 then proceeds to step S8280 where the
analyzed cardiac information and/or the determine recom-
mendations are stored, and further recommendations and/or
results based on the analyzed and processed cardiac informa-
tion, trends, baseline parameters, and known patterns are
determined. For instance, the previously determined values
associated with the QRS complex may be compared to known
parameters that indicate a cardiac anomaly is present. As one
example, the QRS complexes may be detected at and may be
occurring at irregular intervals; such irregular intervals may
indicate atrial fibrillation. Based on the detected cardiac
anomaly, anotification may be determined at step S828 that is
specific to the detected anomaly. For example, if the detected
cardiac information for a user 104 indicates that the ORS is
irregular, slow, or rapid, a recommendation to seek medical
attention for further testing may be determined. The deter-
mined notification may then be sent to the user and/or the
determined action may be performed at step S832. For
example, in some instances, the communication/analysis
server may alert health care provides to the anomaly detected
by the cardiac data analyzer 452. In other embodiments, and
depending on the anomaly detected, the communication/
analysis server 316 may even dial 9-1-1. Method 800 then
proceeds to step 836 where the recommendation and/or
action is received at the personal electronic device 112. The
recommendation may then be provided to the user 112 in a
notification and or the determined action may be performed.
Method 800 then ends at step S840.

[0075] With reference to FI1G. 9, details of a data structure
900 will be described in accordance with embodiments of the
present disclosure. In some embodiments, the data structure
900 can be used to further define attributes and/or metadata
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about information stored in the personal electronic device
112, communication/analysis server 316, and/or transmitted
from a personal electronic device 112 and received at a site
monitor 312. The data structure 900 may be partially or com-
pletely stored in a FIFO buffer, memory 404/444, the patient
information database 320, and/or in any other computer
memory that is maintaining an instance of information for a
user 104. Examples of fields that may be provided in the data
structure 900 include, without limitation, a personal elec-
tronic device identification field 904, cardiac sensor informa-
tion field 908, one or more recommendations field 912, other
attributes field, and a timestamp field 920.

[0076] In some embodiments, the personal electronic
device identification field 904 may comprise information that
enables a unique identification of the personal electronic 112
within acommunication network 308. For instance, a pseudo-
randomly generated personal electronic device identification
number may be contained in the personal electronic device
identification field 904. Other examples of personal elec-
tronic device information include, without limitation, a phone
number, an IP address, an Electronic Serial Number (ESN),
and so on.

[0077] The cardiac sensor information field 908 may com-
prise information relating to a detected heart signal 116 of
user 104 and may correspond to cardiac information 324. For
example, the cardiac sensor information field 908 may
include, without limitation, a cardiac sensor ID(s) field 908 A,
cardiac information data field (such as araw EKG signal), and
any processed cardiac information data, 908C. Although a
cardiac sensor 1D(s) field 908A, cardiac information data
field, and any processed cardiac information data are illus-
trated in F1G. 9, it should be noted that the cardiac informa-
tion may include more or less information fields.

[0078] The other attributes information field 916 may com-
prise information similar to the personal electronic device
identification field 904, but the attributes information may not
necessarily correspond to information used in connection
with the personal electron device 112. For example, the com-
munication/analysis server may be capable of receiving heart
rate, heart rhythm and other cardiac information for the same
heart from different personal electronic devices. For example,
a user may utilize a personal electronic device 112A and a
personal electronic device 112D; thus, any heart rate and
rhythm information and any other cardiac information asso-
ciated therewith may be received at the communication/
analysis server 316 and tagged as belonging to the same user,
or heart, using the other attribute information field 916. Other
examples of information that may be maintained in the other
attributes information field 912 may include, without limita-
tion, anomaly update information, user id information, iden-
tification that may be used to link or identify user 104 to/in an
information database, such as a medical database containing
all or some of user 104’s medical records and a patient infor-
mation data base 320, and so on.

[0079] The timestamp information field 920 may comprise
information that specifies a time at which the cardiac infor-
mation in the cardiac information field was sent and/or
received. In the foregoing description, for the purposes of
illustration, methods were described in a particular order.
[0080] It should be appreciated that in alternate embodi-
ments, the methods may be performed in a different order
than that described. It should also be appreciated that the
methods described above may be performed by hardware
components or may be embodied in sequences of machine-
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executable instructions, which may be used to cause a
machine, such as a general-purpose or special-purpose pro-
cessor (GPU or CPU) or logic circuits programmed with the
instructions to perform the methods (FPGA). These machine-
executable instructions may be stored on one or more
machine readable mediums, such as CD-ROMs or other type
of optical disks, floppy diskettes, ROMs, RAMs, EPROMs,
EEPROMs, magnetic or optical cards, flash memory, or other
types of machine-readable mediums suitable for storing elec-
tronic instructions. Alternatively, the methods may be per-
formed by a combination of hardware and software.
[0081] Specific details were given in the description to pro-
vide athorough understanding of the embodiments. However,
it will be understood by one of ordinary skill in the art that the
embodiments may be practiced without these specific details.
For example, circuits may be shown in block diagrams in
order not to obscure the embodiments in unnecessary detail.
In other instances, well-known circuits, processes, algo-
rithms, structures, and techniques may be shown without
unnecessary detail in order to avoid obscuring the embodi-
ments.
[0082] Also, it is noted that the embodiments were
described as a process which is depicted as a flowchart, a flow
diagram, a data flow diagram, a structure diagram, or a block
diagram. Although a flowchart may describe the operations as
a sequential process, many of the operations can be per-
formed in parallel or concurrently. In addition, the order of the
operations may be re-arranged. A process is terminated when
its operations are completed, but could have additional steps
not included in the figure. A process may correspond to a
method, a function, a procedure, a subroutine, a subprogram,
etc. When a process corresponds to a function, its termination
corresponds to a return of the function to the calling function
or the main function.
[0083] Furthermore, embodiments may be implemented by
hardware, software, firmware, middleware, microcode, hard-
ware description languages, or any combination thereof.
When implemented in software, firmware, middleware or
microcode, the program code or code segments to perform the
necessary tasks may be stored in a machine readable medium
such as storage medium. A processor(s) may perform the
necessary tasks. A code segment may represent a procedure,
a function, a subprogram, a program, a routine, a subroutine,
amodule, a software package, a class, or any combination of
instructions, data structures, or program statements. A code
segment may be coupled to another code segment or a hard-
ware circuit by passing and/or receiving information, data,
arguments, parameters, or memory contents. Information,
arguments, parameters, data, etc. may be passed, forwarded,
or transmitted via any suitable means including memory shar-
ing, message passing, token passing, network transmission,
etc.
[0084] While illustrative embodiments of the disclosure
have been described in detail herein, it is to be understood that
the inventive concepts may be otherwise variously embodied
and employed, and that the appended claims are intended to
be construed to include such variations, except as limited by
the prior art.

What is claimed is:

1. A method comprising:

operating a personal electric device in a manner consistent

with a first use of the personal electric device;
measuring, between two electrodes associated with the
personal electronic device, a differential voltage corre-
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sponding to electrical activity of a heart, wherein the
measuring is unobtrusive and the first use of the personal
electric device is other than electrocardiographic (EKG)
monitoring;
based on a processed differential voltage corresponding to
electrical activity of the heart, determining an anomaly
associated with the electrical activity of the heart; and

providing at least one of an audio notification, a visual
notification, and a tactile feedback notification of the
determined anomaly.

2. The method of claim 1, wherein there is electrical con-
ductivity between one of the two electrodes and an ear, and
wherein there 1s electrical conductivity between the other of
the two electrodes and a limb of a body.

3. The method of claim 2. wherein the first use of the
personal electric device is at least one of communicating,
playing music, displaying video, displaying one or more
images, and displaying textual information.

4. The method of claim 2, wherein the two electrodes
utilize one or more sensor interfaces to measure the differen-
tial voltage corresponding to electrical activity of a heart, the
method further comprising:

determining whether one of the two electrodes is in contact

with the ear and whether the another of the two elec-
trodes is in contact with the limb of the body;

enabling the one or more sensor interfaces when the one of

the two electrodes is in contact with the ear and the
another of the two electrodes is in contact with the limb
of the body; and

disabling the one or more sensor interfaces when the one of

the two electrodes is not in contact with the ear or the
another of two electrodes is not in contact with the limb
of the body.

5. The method of claim 1, wherein a heart rate and a heart
rhythm is determined from the processed differential voltage
corresponding to electrical activity of the heart.

6. The method of claim 5, wherein the determined anomaly
is determined at an analysis server; and

the determined anomaly is provided to the personal elec-

tronic device.

7. The method of claim 6, wherein the analysis server
receives a heart rate and heart rhythm from a plurality of
personal electronic devices, wherein the heart rate and heart
rhythm received from the plurality of personal electronic
devices are for the same heart.

8. The method of claim 1, further comprising determining
an anomaly based on historical cardiac information, wherein
the historical cardiac information comprises at least one of a
trend, a pattern, and a parameter.

9. The method of claim 1, wherein at least one of the two
electrodes detects a voltage associated with an ear and
another of the at least two electrodes detects a voltage asso-
ciated witha limb ofa body, wherein the at least one of the two
electrodes resides at a location comprising at least one of: (a)
surrounding a speaker on an earpiece of a handset; (b) an ear
bud; and (c) a wired headset; wherein the another of the at
least two electrodes comprises a location where a limb comes
into contact with the personal electronic device when a first
use of the personal electronic device is at least one of com-
municating, playing music, displaying video, displaying one
or more images, and displaying textual information.

10. A personal electronic device that provides unobtrusive
detection of heart rate and heart rhythm anomalies while
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operating in a manner consistent with a first of the personal
electronic device, the system comprising:

at least two electrodes associated with the personal elec-
tronic device, the at least two electrodes positioned such
that a differential voltage corresponding to electrical
activity of the heart is detected and measured;

a cardiac data analyzer that processes and analyzes the
detected and measured differential voltage correspond-
ing to electrical activity of the heart to provide a deter-
mined anomaly associated with the electrical activity of
the heart; and

at least one of a display, a speaker, and a tactile feedback
component that outputs a notification associated with
the deter anomaly;

wherein the detecting and measuring of the differential
voltage corresponding to electrical activity of the heart is
unobtrusive and a first use of the personal electric device
is other than electrocardiographic (EKG) monitoring.

11. The personal electronic device of claim 10, further
comprising:

at least one electrode positioned at a location such that
there is electrical conductivity between the electrode
and an ear; and

at least one electrode positioned at a location such that a
there is electrical conductivity between the electrode
and a limb of a body.

12. The personal electronic device of claim 11, wherein the
intended use of the personal electric device is at least one of
communicating, playing music, displaying video, displaying
one or more images, and displaying textual information.

13. The personal electronic device of claim 11, wherein the
two electrodes utilize one or more sensor interfaces to mea-
sure the differential voltage corresponding to electrical activ-
ity of a heart; and

wherein the personal electronic device determines whether
one of the two electrodes is in contact with the ear and
whether the another of the two electrodes is in contact
with the limb of the body such that the one or more
sensor interfaces are enabled when the when the one of
the two electrodes is in contact with the ear and the
another of the two electrodes is in contact with the limb
of the body and the one or more sensor interfaces are
disabled when the one of the two electrodes is not in
contact with the ear or the another of two electrodes is
not in contact with the limb of the body.

14. The personal electronic device of claim 10, wherein a
heart rate and a heart rhythm is determined from the pro-
cessed differential voltage corresponding to electrical activity
of the heart.

15. The personal electronic device of claim 10, further
comprising:

an analysis server located at a monitoring site, the analysis
server communicatively coupled to the personal elec-
tronic device and further comprising:

a communication interface that receives cardiac informa-
tion, the cardiac information comprising information
pertaining to the rate and the rhythm of a detected heart
signal; and

a cardiac data analyzer that processes and analyzes the
detected heart signal to provide a determined anomaly
associated with the electrical activity of the heart,
wherein the determined anomaly is provided to the per-
sonal electronic device.
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16. The personal electronic device of claim 15, wherein the
analysis server receives a heart rate and heart rhythm from a
plurality of personal electronic devices, wherein the heart rate
and heart rhythm received from the plurality of personal
electronic devices are for the same heart.

17. The personal electronic device of claim 10, wherein the
at least two electrodes are located on the personal electronic
device.

18. The personal electronic device of claim 10, wherein at
least one of the two electrodes associated with the personal
electronic device is located external to the personal electronic
device.

19. The personal electronic device of claim 10, wherein the
cardiac data analyzer utilizes historical cardiac information to
determine the anomaly, the historical cardiac information
comprising at least one of a trend, a pattern, and a parameter.

20. The personal electronic device of claim 10, wherein at
least one of the two electrodes detects a voltage associated
with an ear and another of the at least two electrodes detects
avoltage associated with a limb of a body, wherein the at least
one of the two electrodes resides at a location comprising at
least one of: (a) surrounding a speaker on an earpiece of a
handset; (b) an ear bud; and (c) a wired headset; wherein the
another of the at least two electrodes comprises a location
where a limb comes into contact with the personal electronic
device when a first use of the personal electronic device is at
least one of communicating, playing music, displaying video,
displaying one or more images, and displaying textual infor-
mation.
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