(19)

US 20190059756A1

12) Patent Application Publication (o) Pub. No.: US 2019/0059756 A1

United States

Rasmussen et al.

43) Pub. Date: Feb. 28, 2019

(54)

(1)

(72)

1)
(22)

(1)

ELECTROCARDIOGRAM (ECG)
MEASUREMENT ON A WRIST-WORN
ELECTRONIC DEVICE

Applicant: Garmin Switzerland GmbH,
Schaffhausen (CH)

Adam B. Rasmussen, Overland Park,
KS (US); Kevin M. Hansen, Overland
Park, KS (US); Alexander J. Waller,
Olathe, KS (US)

Inventors:

Appl. No.: 15/686,804

Filed: Aug. 25, 2017

Publication Classification

(52) US.CL

CpPC ............

A61B 5/0404 (2013.01); A61B 5/681

(2013.01); A61B 5/02416 (2013.01); A61B
5/04085 (2013.01); A61B 5/02438 (2013.01);
A61B 5/044 (2013.01)

(57) ABSTRACT

An electronic device worn, such as a wrist-worn watch, able
to generate and display an ECG image associated with the
wearer’s heart. The device includes electrically-conductive
first and second contact points for conveying first and
second signals. The first contact point is located on a bezel
or a pushbutton of the electronic device that is physically
touchable by the wearer. The second contact point is located
on the bottom of the housing so as to physically contact the
wearer’s skin of the user’s wrist when the device is worn.
The electronic device may also receive location signals to
determine a current location using an antenna at least
partially formed by the bezel. A processing element may
receive the first and second signals, generate an ECG
waveform, and an ECG image based thereon. A display
graphically presents the ECG image as a sequence or stream
of ECG images.
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ELECTROCARDIOGRAM (ECG)
MEASUREMENT ON A WRIST-WORN
ELECTRONIC DEVICE

BACKGROUND

[0001] Wrist-worn electronic devices often include func-
tionality that may be used to determine and track a current
location of the electronic device as well as a distance
traveled, a velocity, and other performance metrics or data
determined using location information. This functionality
may involve the electronic device receiving positional infor-
mation from a satellite-based positioning system, such as the
global positioning system (GPS). The electronic devices
may include a location determining element and one or more
antennas to receive signals from GPS satellites and provide
wireless communication. Typically, the wrist-worn elec-
tronic devices also include a watch housing enclosing a
processing element and a display, which is surrounded by a
watch bezel. In some cases, the one or more antennas
coupled to the location determining element and wireless
receivers may be incorporated into the watch bezel or a
portion thereof.

[0002] Electrocardiogram signals may be sensed by con-
ventional sensory equipment having at least two sensors.
The sensors are commonly placed on each side of an
individual’s chest to sense the electrocardiogram signals.
For instance, the conventional sensory equipment may be a
chest strap having two electrodes (sensors) positioned on an
inner surface of the chest strap enabling the electrodes to
contact the individual’s chest. When the chest strap is worn,
each electrode is typically positioned to contact one side of
the individual’s chest (separated by the sternum) such that a
first electrode is positioned to contact the left side of the
individual’s chest and a second electrode is positioned to
contact the right side of the individual’s chest. The conven-
tional sensory equipment may also be a cardiovascular
monitoring device having two electrodes (sensors) and elec-
trical wiring coupling each electrode to the cardiovascular
monitoring device. An inner surface of each electrode may
be secured to desires areas of an individual, such as each side
of the individual’s chest, using adhesive tape to sense
electrocardiogram signals from the individual’s heart.

[0003] The conventional sensory equipment includes
wrist-worn electronic devices having two or more sensors
utilized to sense electrocardiogram signals without use of a
chest strap. Specifically, some conventional wrist-worn elec-
tronic devices includes a conductive contact point, such as
a metal plate, on the rear surface of the watch and a
dedicated conductive contact point on an exterior surface.
For example, the conductive contact point on the exterior
surface may be a pushbutton composed of an electrically
conductive material positioned on a top surface or a side
surface of the wrist-worn electronic devices. Similarly, the
conductive contact point (e.g., metal plate, pushbutton, etc.)
may be located between a display and a strap securing the
electronic device to a user’s wrist. Some conventional
wrist-worn electronic devices include two conductive con-
tact points by positioning a first conductive contact point on
the exterior surface between a display and a first strap and
a second conductive contact point between the display and
a second strap, such that a user may simultaneously place
two fingers on the conductive contact point located on an
exterior surface of the electronic device.
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[0004] Individuals engaged in fitness activities without
use of the abovementioned conventional sensory equipment
that may be uncomfortable or impractical while engaged in
the fitness activities. The individuals may desire to obtain or
monitor cardiovascular information, such their heart rate, or
other cardiac parameters for use to reach their fitness and
cardiovascular objectives while engaged in the fitness activi-
ties.

SUMMARY

[0005] Embodiments of the present technology provide an
electronic fitness device configured to generate and graphi-
cally display one or more electrocardiogram images asso-
ciated with an electrocardiogram waveform of a wearer’s
heart. The electronic device may utilize two contact points
to receive electrical bio signals (electrocardiogram signals)
from the wearer, from which a processing element may
generate the electrocardiogram waveform. A first contact
point may be located on a watch bezel or a depressible
pushbutton that is physically contacted by a finger or thumb
of the wearer. A second contact point may be located on an
underside of the electronic device where it may be in
generally constant contact with the wearer’s skin of the
wearer’s Wrist.

[0006] In an embodiment, a wrist-worn electronic fitness
device may comprise a housing, an electrically-conductive
plate, an electrically-conductive bezel, and a processing
element. The housing may include a bottom wall, one or
more side walls and a bezel enclosing an internal cavity of
the housing. The bezel may at least partially surround a
display. The electrically-conductive plate may be coupled to
the bottom wall and configured to physically contact the skin
on a wearer’s wrist when the electronic fitness device is
worn. The one or more side walls or the bezel may include
an electrically-conductive contact point configured to
receive physical contact from the skin of the wearer’s finger
or thumb. The processing element may be electrically
coupled with the plate and the electrically-conductive con-
tact point, the processing element configured to generate an
electrocardiogram waveform associated with the user based
on electrocardiogram signals received through the electri-
cally-conductive plate and the electrically-conductive sur-
face once physical contact is made between the wearer’s
wrist and the electrically-conductive plate and between the
electrically-conductive contact point and the wearer’s finger
or thumb. The processing element may be further configured
to generate, and store in a memory element, electrocardio-
gram data based on the electrocardiogram waveform and
generate an electrocardiogram image based on the stored
electrocardiogram data. The processing element may control
the display to present the electrocardiogram image.

[0007] Various implementations of the embodiment may
include any one or more of the following features. The
processing element may be further configured to generate a
sequence of electrocardiogram images, wherein each elec-
trocardiogram image may correspond to one sequence of
heartbeats of the wearer for a period of time. The processing
element may be further configured to generate a stream of
electrocardiogram images, wherein the stream of electrocar-
diogram images may correspond to a plurality of heartbeats
of the wearer. The processing element may scroll the elec-
trocardiogram images on the display such that a most-
recently generated electrocardiogram image is continuously
presented on the display.
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[0008] In embodiments, the electronic device may further
comprise a location determining element configured to
determine a geolocation based on location determining
signals received by an antenna and a portion of the bezel
forms the antenna. The processing element may be config-
ured to utilize electrocardiogram signals received through
the bezel once physical contact is made with the bezel to
generate the electrocardiogram waveform. The location
determining component may be configured to utilize loca-
tion determining signals received by the bezel when physical
contact from the wearer’s finger or thumb is not made with
the bezel.

[0009] This summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the detailed description. This summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter. Other aspects and
advantages of the present technology will be apparent from
the following detailed description of the embodiments and
the accompanying drawing figures.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0010] Embodiments of the present technology are
described in detail below with reference to the attached
drawing figures, wherein:

[0011] FIG. 1 is a fragmentary perspective view of an
embodiment of an electronic device configured to generate
and graphically display an electrocardiogram image corre-
sponding to electrical activity of a wearer’s heart, as well as
perform one or more additional general and/or fitness-
related functions, examples of which are shown, wherein the
electronic device is shown adapted to be worn on the
wearer’s wrist;

[0012] FIG. 2 is a block diagram of at least a portion of
functional components of the electronic device of FIG. 1;
[0013] FIG. 3 is an upper isometric view of at least a
portion of the functional components retained within a
housing of the electronic device of FIG. 1;

[0014] FIG. 4 is alower isometric view of at least a portion
of the functional components retained within the housing of
the electronic device of FIG. 1;

[0015] FIG.5is a block diagram of a heart rate monitoring
assembly of the electronic device of FIG. 1;

[0016] FIG. 6A is a block diagram of a first implementa-
tion of an embodiment of an electrocardiogram subsystem
for monitoring an electrical activity of a heart of a wearer of
the electronic device of FIG. 1;

[0017] FIG. 6B is a block diagram of a second implemen-
tation of the embodiment of the electrocardiogram subsys-
tem;

[0018] FIG. 7 is a lower view of at least a portion of the
housing of the electronic device of FIG. 1;

[0019] FIG. 8 is an upper view of at least a portion of the
housing of the electronic device of FIG. 1;

[0020] FIG. 9 is a plan view of the electronic device of
FIG. 1 displaying a sequence of single electrocardiogram
images; and

[0021] FIG. 10 is a plan view of the electronic device of
FIG. 1 displaying a stream of multiple electrocardiogram
images.

[0022] The drawing figures do not limit the present tech-
nology to the specific embodiments disclosed and described
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herein. The drawings are not necessarily to scale, emphasis
instead being placed upon clearly illustrating the principles
of the technology.

DETAILED DESCRIPTION

[0023] The following detailed description of the technol-
ogy references the accompanying drawings that illustrate
specific embodiments in which the technology can be prac-
ticed. The embodiments are intended to describe aspects of
the technology in sufficient detail to enable those skilled in
the art to practice the technology. Other embodiments can be
utilized and changes can be made without departing from the
scope of the present technology. The following detailed
description is, therefore, not to be taken in a limiting sense.
The scope of the present technology is defined only by the
appended claims, along with the full scope of equivalents to
which such claims are entitled.

[0024] In this description, references to “one embodi-
ment”, “an embodiment”, or “embodiments” mean that the
feature or features being referred to are included in at least
one embodiment of the technology. Separate references to
“one embodiment”, “an embodiment”, or “embodiments” in
this description do not necessarily refer to the same embodi-
ment and are also not mutually exclusive unless so stated
and/or except as will be readily apparent to those skilled in
the art from the description. For example, a feature, struc-
ture, act, etc. described in one embodiment may also be
included in other embodiments, but is not necessarily
included. Thus, the present technology can include a variety
of combinations and/or integrations of the embodiments
described herein.

[0025] Embodiments of the present technology provide an
electronic fitness device configured to generate and graphi-
cally display an electrocardiogram (ECG) waveform of an
electrical activity of a wearer’s heart. The electronic device
may utilize two contact points to receive electrical bio
signals (electrocardiogram signals) from the wearer, from
which the electrocardiogram waveform is generated. One
contact point may be located on an underside of the elec-
tronic device where it may be in generally constant contact
with the skin of the wearer’s wrist. The other contact point
may be a bezel or a portion of the bezel that may also
function as an antenna, or a pushbutton that may also
depress or rotate to provide a user input interface enabling
access of additional functionality.

[0026] The electronic fitness device 20 may take substan-
tially any suitable form, such as a wrist-worn fitness watch
as shown in FIG. 1, a wrist- or arm-worn smartphone, a
wrist- or arm-worn navigation device, or other wearable
multi-function electronic devices that include a housing and
a band, strap, or other attachment mechanism to secure the
electronic fitness device 20 to a user’s wrist, arm, ankle or
leg. Although the electronic fitness device 20 is described
herein as being adapted to be worn on a wrist, it may
additionally or alternatively be adapted to be worn on other
parts of the body, such as the user’s forearm or the upper
arm. The wearer of the electronic fitness device 20 may be
involved in various physical activities such as street running,
trail running, jogging, hiking, walking, biking, swimming,
exercising, etc. During these activities, in addition to moni-
toring the electrical activity of the wearer’s heart, the
electronic fitness device 20 may determine and monitor a
current location of the electronic fitness device 20 by
receiving wireless location signals from a satellite-based
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positioning system 22 such as GPS. The electronic fitness
device 20 may utilize the determined location to determine
and monitor a distance traveled, a velocity, and other per-
formance metrics. In addition, the electronic fitness device
20 may be electronically paired with one or more other
electronic devices, such as a foot pod 24 attached to the
user’s shoe for measuring jogging or running cadence and
distance traveled, or a bike speed and cadence sensor 26
attached to a crank arm and wheel hub of the user’s bicycle
for tracking biking performance, and so forth. Furthermore,
the electronic fitness device 20 may be able to communicate
with smartphones 28, tablets, laptop or desktop computers
30, Wi-Fi routers 32, cell towers 34, and the like to allow the
user to upload activity data, download apps, receive text
messages, emails, and weather alerts, and so on.

[0027] Broadly characterized, embodiments of the elec-
tronic fitness device 20 may include first and second contact
points, a processing element, and a display. The first contact
point may be located on an underside (a bottom surface) of
the electronic fitness device 20 where it may be in constant
contact with the skin of a wearer’s wrist when worn by a
user. The second contact point may be an electrically-
conductive bezel (or a portion of the bezel) that functions as
one or more antennas for of the device. For instance, the
bezel may provide at least a portion of an antenna coupled
with a location determining element. The bezel or portion
thereof may be accessible to receive a touch from a user’s
finger or thumb (of the opposite hand) to initiate the sensing
and monitoring of the electrical activity of the wearer’s
heart. In particular, the electronic fitness device 20 may be
configured to perform the location determining function and
the heart monitoring function simultaneously or it may be
configured to switch between the these functions, in which
case the function of the bezel may be selected by system
processing element 64 to correspond to a desired function.

[0028] Additionally or alternatively, the second contact
point may be a pushbutton that is accessible to receive a
touch from a user’s finger or thumb (of the opposite hand)
to initiate the sensing and monitoring of the electrical
activity of the wearer’s heart. The pushbutton may also be
depressed or rotated to access and/or initiate additional
general, fitness, or non-fitness-related functionality of the
electronic fitness device 20.

[0029] The processing element may be a general or dedi-
cated processing element configured to receive a first elec-
trical bio signal (electrocardiogram signal) from the first
contact point and a second electrical bio signal (electrocar-
diogram signal) from the second contact point. The second
contact point may be an electrically-conductive bezel or an
electrically-conductive pushbutton that is electrically
coupled with the processing element. The processing ele-
ment may be configured to determine the electrical activity
of the wearer’s heart based on electrical bio signals received
through the first contact point and the second contact point
once physical contact is made between the wearer’s wrist
and the first contact point and between the second contact
point and the wearer’s finger or thumb. The processing
element may generate, and store in a memory element,
electrocardiogram data based on the electrocardiogram
waveform and generate an electrocardiogram image based
on the stored electrocardiogram data. The processing ele-
ment may be further configured to control the display to
present determined electrical activity as an electrocardio-
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gram waveform image, a sequence of single waveform
images, or a stream of multiple waveform images.

[0030] Embodiments of the technology will now be
described in more detail with reference to the drawing
figures. Referring to F1G. 2, an embodiment of the electronic
fitness device 20 is shown broadly comprising a housing 36,
a display 38, a user interface 40, a communication element
42, one or more antennas 44 (one of which may be a bezel
46), a location determining element 48, an optical assembly
50, a first contact point 56 in the form of the bezel 46 and/or
a pushbutton 58, a second contact point 52 in the form of a
back plate 54, a memory element 62, and a system process-
ing element 64.

[0031] The memory element 62 may include electronic
hardware data storage components such as read-only
memory (ROM), programmable ROM, erasable program-
mable ROM, random-access memory (RAM) such as static
RAM (SRAM) or dynamic RAM (DRAM), cache memory,
or the like, or combinations thereof. In some embodiments,
the memory element 62 may be embedded in, or packaged
in the same package as, the system processing element 64.
The memory element 62 may include, or may constitute, a
“computer-readable medium”. The memory element 62 may
store the instructions, code, code statements, code segments,
software, firmware, programs, applications, apps, services,
daemons, or the like that are executed by the system
processing element 64. The memory element 62 may also
store settings, data, documents, sound files, photographs,
movies, images, databases, and the like.

[0032] The system processing element 64 may include
electronic hardware components such as processors, micro-
processors (single-core or multi-core), microcontrollers,
DSPs, FPGAs, analog and/or digital application-specific
integrated circuits (ASICs), or the like, or combinations
thereof. The system processing element 64 may generally
execute, process, or run instructions, code, code segments,
code statements, software, firmware, programs, applica-
tions, apps, processes, services, daemons, or the like. The
system processing clement 64 may also include hardware
components such as finite-state machines, sequential and
combinational logic, and other electronic circuits that can
perform the functions necessary for the operation of the
current invention. The system processing element 64 may be
in communication with the other electronic components
through serial or parallel links that include universal busses,
address busses, data busses, control lines, and the like.
[0033] It is to be understood that, in some embodiments,
the system processing element 64 may include an electro-
cardiogram (ECG) processing element 60 and perform all of
the associated functions described herein. Similarly, in some
embodiments, the system processing element 64 may
include a heart rate monitor (HRM) processing element 88
and perform all of the associated functions described herein.
In other embodiments, the system processing element 64
may be communicatively coupled with the ECG processing
element 60 and the HRM processing element 88. In some
embodiments, the system processing element 64 may
include the location determining element 48 and perform all
of the associated functions described herein.

[0034] Referring also to FIGS. 2-4, the housing 36 may
generally house, retain, enclose and/or otherwise physical
support other components of the electronic fitness device 20
and may include or be coupled to an attachment mechanism
66, such as a wrist or arm band, for securing or retaining the
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electronic fitness device 20 on or to a body part (limb) of a
wearer. The housing 36 may include a lower wall 68, an
upper wall 70, at least one side wall 72, and an internal
cavity 74. The lower wall 68 may include a lower surface 76
that contacts the wearer’s skin, such as the skin on the
wearer’s wrist or arm, while the user is wearing the elec-
tronic fitness device 20. For instance, as shown in FIGS. 7
and 8, lower surface 76 may include the back plate 54. In
embodiments, an inner surface (facing internal cavity 74) of
back plate 54 may contact a conductive element, such as a
surface of a c-shaped spring 68, coupled with ECG process-
ing element 60.

[0035] In some embodiments, the lower wall 68 may not
be continuous, but may include an opening of circular,
square, rectangular, or other geometric shape. The upper
wall 70, which may be formed by berel 46, generally
opposes the lower wall 68 and may include an upper surface
78. In some embodiments, the upper surface 78 may further
include an opening 80 of circular, square, rectangular, or
other geometric shape. The internal cavity 74 may contain
and/or retain many of the other components of the electronic
fitness device 20. In some embodiments, such as the exem-
plary embodiments shown in the figures, the lower wall 68
of the housing 36 may have a round, circular, or oval shape
with a single circumferential side wall, while in other
embodiments, the lower wall 68 may have a four-sided
shape, such as a square or rectangle, or other polygonal
shape, with the housing 36 including four or more sidewalls.
The upper wall 70 may generally match the shape of the
lower wall 68.

[0036] In embodiments, the c-shaped spring 68 is formed
of an electrically-conductive material, such as a metal, to
electronically couple back plate 54 of the lower surface 76
to ECG processing element 60. The c-shaped spring 68 may
sufficiently flex when under force to enable a secure contact
point with the inner surface (facing internal cavity 74) of
back plate 54.

[0037] The display 38 may generally show or present
information, such as time of day, current location, and the
like, as well as cardiovascular information, such as heart
rate, breathing rate, cardiac parameters, or electrocardio-
gram (ECG) images. The ECG images presented on display
38 may include the information shown in FIGS. 9 and 10.
The display 38 may be implemented using substantially any
suitable technology, such as light-emitting diode (LED),
organic LED (OLED), Light Emitting Polymer (LEP) or
Polymer LED (PLED), liquid crystal display (LCD), thin
film transistor (TFT) LCD, LED side-lit or back-lit LCD, or
the like, or combinations thereof. In some embodiments, the
display 38 may have a round, circular, or oval shape. In other
embodiments, the display 38 may have a square or a
rectangular aspect ratio which may be viewed in either a
landscape or a portrait orientation. The display 38 may be at
least partially positioned in the internal cavity 74 of the
housing 36, such that the display 38 is adjacent to the
opening 80 of the upper surface 78 of upper wall 70, which
may be formed by bezel 46. The electronic fitness device 20
may further include a lens or other covering (not shown)
positioned on an upper surface of the display 38 to enhance
the visibility of the information presented on the display 38.
[0038] The user interface 40 may generally allow the user
to directly interact with the electronic fitness device 20 and
may include the pushbutton 58, as well as other buttons,
knobs, switches, or the like, and combinations thereof.
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Additionally or alternatively, the display 38 may include a
touch screen occupying the entire display 38 or a portion
thereof or be otherwise configured so that the display 38
functions as at least a portion of the user interface 40. The
touch screen may allow the user to interact with the elec-
tronic fitness device 20 by physically touching, swiping, or
gesturing on areas of the display 38 to input information or
configure the electronic fitness device 20.

[0039] The communication element 42 may generally
allow communication with external systems or devices. The
communication element 42 may include signal or data
transmitting and receiving circuits, such as amplifiers, fil-
ters, mixers, oscillators, digital signal processors (DSPs),
and the like. Various combinations of these circuits may
form a transceiver, which transmits, receives, and processes
signals such as those listed in the following discussion. The
communication element 42 may establish communication
wireles sly by utilizing radio frequency (RF) signals and/or
data that comply with communication standards such as
cellular 2G, 3G, 4G, LTE, or 5G, Institute of Electrical and
Electronics Engineers (IEEE) 802.11 standard such as Wi-
Fi, IEEE 802.16 standard such as WiMAX, Bluetooth™, or
combinations thereof. In addition, the communication ele-
ment 42 may utilize communication standards such as ANT,
ANTH+, Bluetooth™ low energy (BLE), the industrial, sci-
entific, and medical (ISM) band at 2.4 gigahertz (GHz), or
the like. The communication element 42 may be in elec-
tronic communication with the memory element 62 and the
system processing element 64. In various embodiments, the
electronic fitness device 20 may be configured to establish
communication with more than one protocol or standard,
and the communication element 42 may include a trans-
ceiver for each protocol or standard, such as Bluetooth™,
Wi-Fi, cellular, etc., with which the electronic fitness device
20 can communicate. In addition, the communication ele-
ment 42 may further include or be electrically coupled with
the one or more antennas 44, which allow the electronic
fitness device 20 to transmit and receive wireless signals to
and from exercise-related sensors, such as the foot pod 24,
the bike speed and cadence sensor 26, or the like, other
electronic devices, such as the smartphone 28, the tablet, the
laptop, or the desktop computer 30, or communication
network interfaces such as the Wi-Fi router 32 or the cell
tower 34.

[0040] The location determining element 48 may gener-
ally determine a current geolocation of the electronic fitness
device 20 by receiving and processing radio frequency (RF)
electronic signals from a global navigation satellite system
(GNSS) such as the global positioning system (GPS) pri-
marily used in the United States, the GLONASS system
primarily used in the Soviet Union, or the Galileo system
primarily used in Europe. The location determining element
48 may include satellite navigation receivers, processors,
controllers, other computing devices, or combinations
thereof, and memory. The location determining element 48
may further include or be electrically coupled with the
antenna 44, from which it may receive a location wireless
signal from one or more of the previously-mentioned satel-
lite systems and may generate an electrical geolocation
signal. As discussed above, antenna 44 may include a
portion of bezel 46, which may be an electrically-conductive
watch bezel. The location determining element 48 may
process data included in the location electronic signals
received by antenna 44 from which geographic information
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such as the current geolocation is determined. The current
geolocation may include geographic coordinates, such as the
latitude and longitude, of the current location of antenna 44
and the electronic fitness device 20. The location determin-
ing element 48 may communicate the current geolocation to
the system processing element 64.

[0041] Although embodiments of the location determining
element 48 may include a satellite navigation receiver, it will
be appreciated that other location-determining technology
may be used. For example, cellular towers or any custom-
ized transmitting radio frequency towers can be used instead
of satellites may be used to determine the location of the
electronic fitness device 20 by receiving data from at least
three transmitting locations and then performing basic tri-
angulation calculations to determine the relative position of
the device with respect to the transmitting locations. With
such a configuration, any standard geometric triangulation
algorithm can be used to determine the location of the
electronic fitness device 20. The location determining ele-
ment 48 may also include or be coupled with a pedometer,
accelerometer, compass, or other dead-reckoning compo-
nents which allow it to determine the location of the elec-
tronic fitness device 20. The location determining element
48 may determine the current geographic location through a
communications network, such as by using Assisted GPS
(A-GPS), or from another electronic device. The location
determining element 48 may even receive location data
directly from a user.

[0042] As shown in FIGS. 3 and 4, a plurality of latch
connectors 96 may electrically couple the bezel 46 with
location determining element 48 and an ECG processing
element 60, which may be integrated within the system
processing element 64 or separate from the system process-
ing element 64. Each latch connector 96 may pass location
signals from bezel 46 to the location determining element 48
and bio signals (electrocardiogram signals) from bezel 46 to
the ECG processing element 60. The latch connectors 96 are
typically located within the inner cavity 74 of the housing
36. In embodiments, any of the latch connector 96 may be
coupled with a switch 90, 92 to isolate (open circuit) or pass
(closed circuit) electrical signals, such as the location signals
and the bio signals (electrocardiogram signals).

[0043] As shown in FIGS. 3 and 4, in embodiments, each
signal terminal coupled with bezel 46 and the c-shaped
spring 68 coupled with back plate 54 may have a switch 90,
92 located between the respective signal terminal or
c-shaped spring 68 and the system processing element 64 or
ECG processing element 60. Each of the switches 90, 92
may be controlled by the system processing element 64 to
cause isolation (open circuit) or conductivity (closed circuit)
of the associated component (bezel 46 or c-shaped spring
68). For instance, the signal terminals of bezel 46 may
include signal feed (F) and electrical ground (G) terminals
that may be isolated or conducted through based on a
selected position of an associated switch 90, 92.

[0044] In embodiments, the system processing element 64
may select an operating mode by interacting with switches
90, 92 to couple bezel 46 with the location determining
element 48 or the ECG processing element 60. For example,
the system processing element 64 may output control signals
to close a first switch 90 and opening a second switch 92 to
put the electronic fitness device 20 to select a GPS mode.
Similarly, the system processing element 64 may output
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control signals to open the first switch 90 and close the
second switch 92 to select an ECG mode.

[0045] Referring also to FIG. 5, the optical assembly 50
may generally measure the blood flow in an area proximity
to the optical assembly 50. For instance, optical assembly 50
may output light and identify changes in the volume of blood
in the wearer’s capillaries based on reflections of the out-
putted light from the area. The optical assembly 50 may
generate a plethysmogram (PPG) signal based on the inten-
sity of the reflected light and system processing element 64
may determine one or more cardiac performance metrics,
such as heart rate, based on the PPG signal.

[0046] For example, the optical assembly 50 may use
optoelectronic technology including an optical transmitter
84 (e.g., an LED or similar photo transmitters), an optical
receiver 86 (e.g., a photodiode, a photodetector or similar
photo receivers), and an HRM processing element 88. The
optical transmitter 84 illuminates the wearer’s skin and some
of the transmitted light is reflected and received by the
optical receiver 86, which outputs a PPG signal having a
magnitude corresponding to the intensity of the reflected
light received by the optical receiver 86. The HRM process-
ing element 88 may include digital signal processors
(DSPs), field-programmable gate arrays (FPGAs), or the like
and may utilize the PPG signal to determine a heart rate or
pulse (estimated heart beats per minute (bpm)) for the user.
The determined cardiac performance metric, such as heart
rate or pulse, may be communicated to the memory element
62 and the system processing element 64, such as in the form
of an electrical HRM signal.

[0047] The bezel 46, which in one embodiment may form
the first contact point 56, may be formed from an electri-
cally-conductive material. The bezel 46 may have substan-
tially any suitable shape, such as a shape that generally
corresponds to the shape of the housing 36 or a portion
thereof, and may be located on a periphery of the upper wall
70 or the side wall 72 of the housing 36. Bezel 46 may at
least partially surround display 38. The bezel 46 may form
a portion of antenna 44 coupled with location determining
element 48.

[0048] Inembodiments, different portions of bezel 46 may
form a plurality of antennas 44. For example, portions of
bezel 46 may form a portion of a first antenna, a second
antenna, and a third antenna. The first antenna may be
configured to receive a first wireless signal, such as a GPS
signal, and generate a corresponding first electronic signal
that is provided to the location determining element 48. The
first antenna may be of a slot-antenna type and may be
formed from a first electronic signal terminal, a first and a
second electrical ground terminals, and a first portion of a
circumference of the bezel 46. The second antenna may be
configured to transmit and receive a second wireless signal,
such as Bluetooth, Wi-Fi, cellular, etc., and may transmit and
receive a corresponding second electronic signal. The sec-
ond antenna may also be of the slot-antenna type and may
be formed from a second electronic signal terminal, third
and fourth electrical ground terminals, and a second portion
of the circumference of the bezel 46. The third antenna may
be configured to transmit and receive a third wireless signal,
such as Bluetooth, Wi-Fi, cellular, etc., and may transmit and
receive a corresponding third electronic signal. In embodi-
ments, as shown in FIGS. 3-4, the third antenna 94 may be
of an inverted F-antenna type and may be formed from a
third electronic signal terminal, a first latch connector 96, an
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antenna strip electrically connected to the first latch con-
nector 96, a fifth electrical ground terminal, and a third
portion of the circumference of the bezel 46. Each of the
antennas within antenna 44 may transmit and/or receive
signals at a different frequency. By utilizing an electrically-
conductive bezel 46 that forms a portion of three separate
antennas, the electronic fitness device 20 is able to simul-
taneously receive GPS signals and wirelessly communicate
with at least two other devices or networks.

[0049] The back plate 54 which forms the second contact
point 52 may be formed from an electrically conductive
material, may have substantially any suitable shape, and
may be located on the lower surface 76 of the lower wall 68
of the housing 36, so that it is generally in constant contact
with the wearer’s skin. The back plate 54 may be configured
to receive a first electrical bio signal (electrocardiogram
signal) via the wearer’s skin, and to provide the first elec-
trical bio signal to the ECG processing element 60.

[0050] As seen in FIGS. 6A and 6B, the bezel 46 may
include electrical ground terminals, indicated by the letter
“G”, a signal feed terminal, indicated by the letter “F,” and
an ECG signal terminal, indicated by the letters “ECG.”
When processing system 64 determines to use bezel 46 as
antenna 44, which utilizes the electrical ground (G) and
signal feed (F) terminals for operation as described above,
the received signals are provided to the location determining
element 48 from the signal feed (F) terminal.

[0051] Inembodiments, the system processing element 64
may control one or more switches 90, 92 to cause isolation
(open circuit) of bezel 46 from the ECG signal (ECG)
terminal when the bezel 46 is desired to be used to receive
location signals from GPS satellites or communication sig-
nals from remote devices and conductivity (closed circuit) of
bezel 46 with the signal feed (F) and electrical ground (G)
terminals.

[0052] When bezel 64 is used as a first contact point 56,
the first electrical bio signals (electrocardiogram signals)
received from the first contact point 56 are provided to the
ECG processing element 60, which may be a part of the
system processing system 64. In embodiments, when pro-
cessing system 64 determines to use bezel 46 to serve as a
first contact point 56 to receive the first electrical bio signals,
the system processing element 64 may control the one or
more switches 90, 92 to cause isolation of bezel 46 from the
signal feed (F) and one or more ground (G) terminals and
conductivity (closed circuit) of bezel 46 with the ECG signal
(ECG) terminal.

[0053] As shown in FIG. 6B, a switch 90 may be used to
isolate (open circuit) or pass (closed circuit) location signals
from bezel 46 to location determining element 48. In such
embodiments, switch 90 may be opened for two ground (G)
terminals reduce the location signals passed to the location
determining element 48 from bezel 46 and closed to increase
location signals passed to the location determining element
48 from bezel 46. A switch may not be positioned between
the signal feed (F) terminal of bezel 46 and the location
determining element 48 because some (reduced) location
signals may continue to pass to the location determining
element 48.

[0054] In embodiments, the first electrical bio signals may
be received from the wearer and communicated to the ECG
processing element 60 at any time, and as long as, the wearer
physically contacts the bezel 46 with a finger or thumb of his
other hand. In other embodiments, the system processing
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element 64 controls display 38 to notify the user that the
bezel 46 may be contacted with a finger or thumb of his other
hand once the switches 90, 92, which were previously
isolating bezel 46 from the ECG signal (ECG) terminal
when the bezel 46 is desired to be used to receive location
signals from GPS satellites or communication signals from
remote devices, are closed to enable bezel 64 to act as a first
contact point 56 by passing first electrical bio signals
(electrocardiogram signals) to ECG processing element 60.
[0055] With reference to FIG. 6B, the electronic fitness
device 20 may include a first single-pole, single-throw
(SPST) switch 90 and a second SPST switch 92. The
switches 90, 92 may make or break electrical contact
between two connection points of a signal. As seen in FIG.
6B, the first switch 90 may make electrical contact (switch
closed) or break electrical contact (switch open) with one or
more electrical ground points of the bezel 46. The second
switch 92 may make or break electrical contact second
electrical bio signal from the ECG contact of the bezel 46.
Each switch 90, 92 may further include a control line, which
controls whether the switch makes or breaks electrical
contact. As detailed herein, the system processing element
64 may send a signal to each control line to open or close the
first switch 90 and the second switch 92.

[0056] In embodiments, the system processing element 64
may default to closing the first switch 90 and opening the
second switch 92 to put the electronic fitness device 20 in
GPS mode. If the system processing element 64 determines
that the location signals received by location determining
element 48 are attenuated (e.g., as a result of the wearer
contacting the bezel 46 or a loss of GPS signal), or if the
wearer provides an input using user interface 40 to select the
ECG mode, the system processing element 64 may send
signals to open the first switch 90 and close the second
switch 92. The closing of the second switch 92 allows the
BCG processing element 60 to receive the electrical bio
signal, and in turn, generate an ECG waveform that is used
to generate an electrocardiogram image. When the wearer
removes physical contact of his finger or thumb from the
bezel 46 (or provides an input provides an input using user
interface 40 to select the GPS mode), the system processing
element 64 may close the first switch 90 and open the second
switch 92.

[0057] The pushbutton 58 may be part of the user interface
40 and may include a spring-loaded button that is coupled to
a normally-closed (NC) or normally-open (NO) electrical
contact. The pushbutton 58 may be constructed from an
electrically-conductive material and may have substantially
any suitable shape. The pushbutton 58 may have a shaft that
passes through an opening located on the side wall 72 of
housing 36. The contact of pushbutton 58 may be positioned
between two spaced apart electrodes and may make or break
electrical connection with the two electrodes depending on
the position of pushbutton 58—pushed or not pushed—as is
generally known for pushbutton operation. Additionally,
pushbutton 58 may be rotated to provide user input.
[0058] In embodiments, the pushbutton 58 may form the
first contact point 56 for generating ECG signals. As a result,
the pushbutton 58 may include two outputs. A first output
may provide the first electrical bio signal (electrocardiogram
signals) to ECG processing element 60. A second output
may be provided by the electrical contact and may include
a user interface signal. The system processing element 64
may select use of the second output when the first electrical
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bio signal is desired to be communicated to the ECG
processing element 60 and may be based on a determination
by the system processing element 64 that the wearer is
physically contacting pushbutton 58 with his skin, such as
by using a finger or thumb of the opposing hand. The user
interface signal may be communicated to the system pro-
cessing element 64 and may be generated when the wearer
presses (or presses and releases) the pushbutton 58 or rotates
the pushbutton 58. The user interface signal may be a pulse
or a steady state signal.

[0059] The ECG processing element 60 may be configured
to receive the first and second electrical bio signals (elec-
trocardiogram signals) from the first and second contact
points 56, 52, and determine or detect the electrical activity
of the wearer’s heart. The first and second electrical bio
signals (electrocardiogram signals) represent action poten-
tials that cause muscle contraction due to electrical stimu-
lation of the wearer’s heart. Typically, two points, the first
contact point 56 and the second contact point 52, are used for
the detection of the ECG signal. As discussed above, each
contact point is typically located on each side of the heart
(i.e., the midline the wearer’s body). The electronic fitness
device 20 worn on the user’s left hand may be configured for
receiving the first ECG signal from the first contact point 56
on the wearer’s right side (from the opposing hand), and the
second ECG signal from the second contact point 52 on the
wearer’s left side (corresponding the wrist on which the
electronic fitness device 20 is worn). In embodiments, the
ECG processing element 60 or the system processing ele-
ment 64 may reverse the polarity of the received ECG
signals to cause the displayed ECG image(s) to be inverted.
[0060] In an exemplary embodiment, the ECG processing
element 60 may include an instrumentation amplifier, an
analog-to-digital converter (ADC), and an optional micro-
processor. The ECG processing element 60 may include
suitable custom or off-the-shelf chips or other devices. For
example, the instrumentation amplifier may be embodied by
the AD8233 ECG Heart Rate Monitor integrated circuit
(IC), available from Analog Devices, Inc., which is config-
ured or configurable to extract, amplify, and filter small
biopotential signals under noisy conditions.

[0061] In operation, the instrumentation amplifier of the
ECG processing element 60 may receive the second electric
signal from the second contact point 52 (the back plate 54)
constantly while the user is wearing the electronic fitness
device 20. The instrumentation amplifier may wait for the
presence of the first electric signal from the first contact
point 56. The amplitude of the first and second electrical bio
signals (electrocardiogram signals) may be between 0.2 and
5.0 mV. Once the first contact point 56 begins providing the
first electrical bio signal, the ECG processing element 60
may control its instrumentation amplifier to amplify the
signal (by, for instance, between 800:1 and 1000:1), reduce
or remove any noise resulting from amplifying the signal,
and generate an analog ECG waveform.

[0062] The instrumentation amplifier of the ECG process-
ing element 60 may also provide a “leads off” detection
function, where a leads off signal is generated to indicate
that the first and second electrical bio signals from the
wearer have been detected. The ECG processing element 60
may digitize the analog ECG waveform by using an analog-
to-digital converter (ADC). The digital ECG waveform may
optionally be bandpass filtered. For the embodiments in
which system processing element 64 does not include the
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BCG processing element 60, the ECG waveform may be
communicated to the system processing element 64.
[0063] By utilizing hardware, software, firmware, or com-
binations thereof, the processing element 64 may perform
the following functions. The system processing element 64
may receive electrical signals from, at the least, the bezel 46,
the pushbutton 58, the location determining element 48, the
HRM assembly 50, and the ECG processing element 60. The
system processing element 64 may control a mode of
operation of the electronic fitness device 20 based on
whether bezel 46 is to be used to receive location informa-
tion or cardiovascular (electrocardiogram) information.
[0064] The system processing element 64 may control the
one or more switches display 38 to present applicable
information presented based on the selected mode. For
instance, the system processing element 64 may control the
one or more switches to cause isolation of bezel 46 from the
signal feed (F) and one or more ground (G) terminals and
conductivity (closed circuit) of bezel 46 with the ECG signal
(ECG) terminal when the processing system 64 determines
to use bezel 46 to serve as a first contact point 56 to receive
the first electrical bio signals. Similarly, the system process-
ing element 64 may control one or more switches to cause
isolation (open circuit) of bezel 46 from the ECG signal
(ECG) terminal and conductivity (closed circuit) of bezel 46
with the signal feed (F) and electrical ground (G) terminals
when the bezel 46 is desired to be used to receive location
signals from GPS satellites or communication signals from
remote devices.

[0065] Insome instances, a current mode of operation may
be selected or controlled manually by the wearer by pro-
viding an input using the pushbutton 58, which generates a
user interface signal when depressed or rotated. For
example, upon receipt of the user interface signal, the
system processing element 64 may select an active mode,
which may be a GPS mode or an ECG mode, among others
(e.g., an HRM mode, a blood pressure mode, etc.).

[0066] Inother instances, a current mode of operation may
be selected or controlled automatically when the system
processing element 64 receives one or more electrical sig-
nals from the location determining element 48, the HRM
assembly 50, and/or the ECG processing element 60. For
example, if system processing element 64 determines that a
user is physically contacting the first contact point 56, which
may occur when the user attempts to provide first and second
electrical bio signals (electrocardiogram signals), the system
processing element 64 may select the ECG mode and control
the one or more switches to cause isolation of bezel 46 from
the signal feed (F) and one or more ground (G) terminals and
conductivity (closed circuit) of bezel 46 with the ECG signal
(ECG) terminal. The system processing element 64 may
automatically (after a period of 2-5 seconds) select the GPS
mode once it determines that the user is no longer physically
contacting the first contact point 56.

[0067] Inembodiments, the system processing element 64
(and the electronic fitness device 20) may default to the GPS
mode, in which the location determining element 48
receives GPS signals from antenna 44 that may be partially
formed by bezel 46 and communicates the geolocation to the
memory element 62 and system processing element 64. In
the GPS mode, the system processing element 64 may
determine, and control the display 38 to show, related
information such as a current geolocation, a distance trav-
eled for a certain period of time, a velocity of travel, a time
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of travel, and a route traveled. The user interface 40 may be
utilized by the wearer to select the information presented on
the display 38 by providing inputs to a touch screen or by
pressing (, or pressing and releasing) or rotating the push-
button 58.

[0068] In the ECG mode, the system processing element
64 may generate (or receive from the ECG processing
element 60) the electrocardiogram waveform based on elec-
trocardiogram signals received through the first contact
point once physical contact is made between the bezel and
the wearer’s finger or thumb and through the second contact
point once physical contact is made between the wearer’s
wrist and the electrically-conductive plate.

[0069] The system processing element 64 may determine
generate, and store in the memory element 62, electrocar-
diogram data based on the electrocardiogram waveform. For
instance, the electrocardiogram data may determine a QRS
complex, a PR interval, a PR segment, a QT interval, a ST
segment, a QR complex, an RS complex, and a QS complex
based a determined amplitude of the electrocardiogram
waveform at each moment for at least a period of time
including one heartbeat. The system processing element 64
may also determine a time between any of this electrocar-
diogram data (e.g., a time between successive QRS com-
plexes). The electrocardiogram data may include a peak-to-
peak period determined by the system processing element 64
based on peaks of the electrocardiogram waveform (e.g., by
using the QRS complex). In embodiments, the electrocar-
diogram data may include heart rate variability (HRV),
which is a calculated variability between peak-to-peak peri-
ods determined for a plurality of heart beats.

[0070] The system processing element 64 may control the
display 38 to present the electrocardiogram waveform as one
or more electrocardiogram images. In some embodiments,
as shown in FIG. 9, the system processing element 64 may
control the display 38 to present a sequence of electrocar-
diogram images, where each electrocardiogram image cor-
responds to one sequence of heartbeats of the wearer for a
period of time. In other embodiments, as shown in FIG. 8,
the system processing element 64 may control the display 38
to present a stream of electrocardiogram images, wherein the
stream of electrocardiogram image corresponds to a (a
plurality) of heartbeats of the wearer and the electrocardio-
gram images are scrolled such that a current or most-
recently generated electrocardiogram image is continuously
presented on the display 38. The direction of streaming may
be indicated by an arrow, as shown in FIG. 10.

[0071] The user may manually switch between the GPS
mode and the ECG mode by pressing (or pressing and
releasing) or by rotating the pushbutton 58. Additionally, or
alternatively, the system processing element 64 may auto-
matically switch modes depending on, or according to, the
electrical signals that determined to be received by bezel 46
and pushbutton 58. For instance, with reference to FIG. 6A,
when the system processing element 64 determines that
location determining element 48 is receiving location signals
(from satellites) and the wearer is not touching the bezel 46
or the pushbutton 58, then the system processing element 64
may control one or more switches to enable use of bezel 46
to receive location signals for use by location determining
element 48. Alternatively, if the system processing element
64 determines that the wearer is contacting the bezel 46
(attenuating any location signals received by the bezel 46),
then the system processing element 64 may control one or
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more switches to enable use of bezel 46 to receive an
electrical bio signal for use by the ECG processing element
60 to generate the ECG waveform. Alternatively, if the
wearer contacts the pushbutton 58, then the ECG processing
element 60 may generate the ECG waveform. The location
determining element 48 may stop determining a current
geographic location without the location signals. In the
presence of the ECG signals, the system processing element
64 may automatically switch from the GPS mode to the ECG
mode (whether the location signals are present or not). When
the system processing element 64 determines that bezel 46
is no longer receiving an ECG signal (as a result of the
wearer no longer contacting the bezel 46 and/or the push-
button 58), the system processing element 64 may select the
GPS mode, or the mode that was active prior to the ECG
mode.

[0072] In the HRM mode, the system processing element
64 may control the display 38 to present cardiac metrics such
as values for heart rate (beats per minute), pulse oximetry
(VO2 max), breathing rate, and heart rate variability (HRV).
The system processing element 64 may determine values of
heart rate, VO2 max, breathing rate, heart rate variability
(HRV), and the like based on signals received from the
optical assembly 50.

[0073] In the blood pressure mode, the system processing
element 64 may calculate or determine an estimated blood
pressure of the wearer. The electrical HRM signal received
by the system processing element 64 may include informa-
tion or data regarding the pressure pulse in the blood
resulting from a heartbeat. Unlike an ECG signal (an elec-
trical signal) that travels nearly instantly from the user heart
to the contact points of the electronic fitness device 20, the
pressure pulse travels more slowly from the heart to the
electronic fitness device 20. The system processing element
64 may calculate or determine an approximate distance from
the user’s heart to electronic fitness device 20 or is entered
by the wearer, then the system processing element 64 may
calculate a pulse wave velocity as the distance divided by the
time taken for the pulse wave to travel to the electronic
fitness device 20 worn on the user’s wrist. Finally, the
system processing element 64 may utilize information stored
in memory element 62 to correlate the determined pulse
wave velocity to an approximate blood pressure of the
wearer. The system processing element 64 may then control
the display 38 to present the determined blood pressure
value.

[0074] Although the technology has been described with
reference to the embodiments illustrated in the attached
drawing figures, it is noted that equivalents may be
employed and substitutions made herein without departing
from the scope of the technology as recited in the claims.
[0075] Having thus described various embodiments of the
technology, what is claimed as new and desired to be
protected by Letters Patent includes the following:

What is claimed is:

1. A wrist-worn electronic device comprising:
a display;

a memory element;

a housing including a bottom wall, one or more side walls,
and an electrically-conductive bezel at least partially
surrounding the display and positioned to receive
physical contact from the wearer’s finger or thumb, the
bezel providing a first contact point;
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an electrically-conductive plate coupled to the bottom
wall and configured to physically contact a wearer’s
wrist when the electronic fitness device is worn, the
plate forming a second contact point; and
a processing element in electronic communication with
the memory element and the display, and electrically
coupled with the plate and the bezel, the processing
element configured to
generate an electrocardiogram waveform associated
with the user based on electrocardiogram signals
received through the first contact point once physical
contact is made between the bezel and the wearer’s
finger or thumb and through the second contact point
once physical contact is made between the wearer’s
wrist and the electrically-conductive plate,
generate, and store in the memory element, electrocar-
diogram data based on the electrocardiogram wave-
form,
generate an electrocardiogram image based on the
stored electrocardiogram data, and
control the display to present the electrocardiogram
image.
2. The electronic device of claim 1, wherein the process-
ing element is further configured to generate a sequence of
electrocardiogram images, wherein each electrocardiogram
image corresponds to one sequence of heartbeats of the
wearer for a period of time.
3. The electronic device of claim 1, wherein the process-
ing element is further configured to generate a stream of
electrocardiogram images, wherein the stream of electrocar-
diogram images corresponds to a plurality of heartbeats of
the wearer, and wherein the processing element scrolls the
electrocardiogram images on the display such that a most-
recently generated electrocardiogram image is continuously
presented on the display.
4. The electronic device of claim 1, further comprising a
location determining element configured to determine a
geolocation based on location determining signals received
by an antenna, wherein a portion of the bezel forms the
antenna.
5. The electronic device of claim 4, wherein the location
determining component is further configured to utilize loca-
tion determining signals received by the bezel when physical
contact from the wearer’s finger or thumb is not made with
the bezel.
6. The electronic device of claim 1, further comprising a
plurality of electrical switches selectively coupling the bezel
to the location determining component and the processing
element.
7. The electronic device of claim 6, wherein the process-
ing element is further configured to control the plurality of
electrical switches to
selectively couple the bezel to the location determining
component once physical contact is made between the
bezel and the wearer’s finger or thumb, and

selectively couple the bezel to the processing element
once physical contact is made between the bezel and
the wearer’s finger or thumb.

8. The electronic device of claim 6, wherein the process-
ing element comprises an electrocardiogram processing ele-
ment that receives the electrocardiogram signals from the
first and second contact points and generates the electrocar-
diogram waveform.
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9. The electronic device of claim 1, wherein the electro-
cardiogram data comprises amplitudes corresponding to a
QRS complex within the electrocardiogram waveform.
10. An electronic device configured to be worn on a wrist
of a wearer, the electronic device comprising:
a housing including a bottom surface;
a display at least partially surrounded by a bezel;
a location determining element including an antenna
configured to receive location determining signals and
configured to determine a geolocation of the electronic
fitness device based on the received location determin-
ing signals, the antenna at least partially formed by the
bezel,
an electrically-conductive first contact point located on
the bezel and positioned to be physically touched by a
finger or thumb of the wearer;
an electrically-conductive second contact point located on
a plate on the bottom surface of the housing and
configured to physically contact a wrist of the wearer
when the electronic fitness device is worn; and
a processing element electrically coupled with the plate
and the bezel, the processing element configured to
receive a first electrical bio signal from the first contact
point once the bezel is physically touched by the
finger or thumb of the wearer,

receive a second electrical bio signal from the second
contact point,

generate an electrocardiogram waveform based on the
first electrical bio signal and the second electrical bio
signal, and

graphically display the electrocardiogram waveform on
the display.

11. The electronic device of claim 10, wherein the pro-
cessing element is further configured to utilize electrocar-
diogram signals received through the bezel once physical
contact is made with the bezel to generate the electrocar-
diogram waveform.

12. The electronic device of claim 10, wherein the
wherein the location determining component is further con-
figured to utilize location determining signals received by
the bezel when physical contact from the wearer’s finger or
thumb is not made with the bezel.

13. The electronic device of claim 10, wherein the elec-
trocardiogram waveform is displayed as a sequence of single
electrocardiogram images, with each electrocardiogram
image corresponding to a heartbeat of the wearer.

14. The electronic device of claim 10, wherein the elec-
trocardiogram waveform is displayed as a stream of elec-
trocardiogram images, with each electrocardiogram image
corresponding to a heartbeat of the wearer.

15. The electronic device of claim 10, further including an
optical assembly including an optical transmitter and an
optical receiver located on the bottom surface of the hous-
ing, wherein the optical transmitter is configured to output
light onto the wearer’s wrist and the optical receiver is
configured to receive light reflected from the wearer’s wrist
and generate a photoplethysmogram (PPG) signal, and
wherein the processing element is configured to determine a
heart rate of the user based on the PPG signal, and to present
the determined heart rate on the display.

16. An electronic device configured to be worn by a
wearer during a physical activity, the electronic device
comprising:
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a display;

a housing including a bottom surface and a side wall

having an opening;

location determining element including an antenna

configured to receive location determining signals and

configured to determine a geolocation of the electronic

device based on the received location determining

signals;

an electrically-conductive pushbutton including a shaft
passing through the opening of the sidewall and con-
figured to be physically touched by a finger or thumb of
the wearer, the pushbutton providing a first contact
point;

an electrically-conductive second contact point located on
a plate positioned on the bottom surface of the housing
and configured to physically contact a wrist of the
wearer when the electronic device is worn; and

a

a processing element in electronic communication with
the location determining element, and electrically
coupled with the plate and the pushbutton, the process-
ing element configured to
receive a first electrical bio signal from the first contact
point once the finger or thumb of the wearer contacts
the pushbutton,

receive a second electrical bio signal from the second
contact point,
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generate an electrocardiogram waveform based on the
first electrical bio signal and the second electrical bio
signal, and

graphically display the electrocardiogram waveform on
the display.

17. The electronic device of claim 16, wherein the push-
button is further configured to be depressible or rotatable to
provide user inputs.

18. The electronic device of claim 16, wherein the elec-
trocardiogram waveform is displayed as a sequence of single
electrocardiogram images, with each electrocardiogram
image corresponding to a heartbeat of the wearer.

19. The electronic device of c¢laim 16, wherein the elec-
trocardiogram waveform is displayed as a stream of elec-
trocardiogram images, with each electrocardiogram image
corresponding to a heartbeat of the wearer.

20. The electronic device of claim 16, further including an
optical assembly including an optical transmitter and an
optical receiver located on the bottom surface of the hous-
ing, wherein the optical transmitter is configured to output
light onto the wearer’s wrist and the optical receiver is
configured to receive light reflected from the wearer’s wrist
and generate a photoplethysmogram (PPG) signal, and
wherein the processing element is configured to determine a
heart rate of the user based on the PPG signal, and to present
the determined heart rate on the display.
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