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(57 ABSTRACT

A performance monitoring system includes an athletic band
or other article of apparel worn by a user, with a pocket
supported by the article and defining a cavity, where the
pocket has a sensor opening extending through an inner wall
of the pocket and an access opening providing access to the
cavity. The system also includes an electronic module
received in the cavity such that the module can be inserted and
removed from the cavity through the access opening. The
module has a projection on an underside of the electronic
module and a sensor mounted on the projection, where the
projection extends through the sensor opening when the elec-
tronic module is received in the cavity and is configured to
place the sensor in close proximity to skin of the user, such
that the sensor is configured to sense a physiological param-
eter of the user.
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ATHLETIC BAND WITH REMOVABLE
MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a non-provisional of and claims
priority to U.S. Provisional Application No. 62/082,113, filed
Nov. 19,2014; U.S. Provisional Application No. 62/100,782,
filed Jan. 7, 2015; U.S. Provisional Application No. 62/146,
029, filed Apr. 10, 2015; U.S. Provisional Application No.
62/168,357, filed May 29,2015; U.S. Provisional Application
No. 62/168,502, filed May 29, 2015; and U.S. Provisional
Application No. 62/215,497, filed Sep. 8, 2015, which prior
applications are incorporated herein by reference and made
part hereof.

FIELD OF THE INVENTION

[0002] The present invention relates to apparel. Aspects of
the disclosure concern, more particularly, an article of apparel
that incorporates an electronic device that is retained within
the article of apparel yet operable, and may be partially view-
able, from outside the article of apparel.

BACKGROUND OF THE INVENTION

[0003] When engaged in a physical activity, such as run-
ning, an athlete wants to maintain a focus on the activity.
Although many mobile devices may be updated to include
“apps” or modules that provide athletic or fitness-related
information, they are often ineffective for many athletes,
including those involved in intense physical activities.
Removing an electronic device, such as a mobile phone or
music player from a pocket to operate the device can be
distracting to the athlete. In addition, the athlete may drop the
device while fumbling to remove or replace the device from a
pocket. Further, many athletes, including but not limited to
professional, semi-professional, and league players are
bound by rules and regulations which can greatly restrict the
materials worn by the athlete during a game or tournament.
Unfortunately, historically acceptable apparel was not
designed to allow reliable reception of athletic sensing
devices. This disclosure addresses these and other shortcom-
ings of the prior art.

BRIEF SUMMARY

[0004] Aspects of the present disclosure include an article
of apparel, such as an armband, wristband, shirt, or jacket that
is configured to retain an electronic module. The article of
apparel has a pocket having an opening to permit insertion
and removal of an electronic module.

[0005] Aspects of the disclosure relate to a performance
monitoring system that includes an article of apparel config-
ured to be worn by a user, with a pocket supported by the
article of apparel, the pockethaving an inner wall and an outer
wall, with a cavity defined between the inner wall and the
outer wall, where the pocket has a sensor opening extending
through an inner wall of the pocket and an access opening
providing access to the cavity. The system also includes an
electronic module received in the cavity such that the elec-
tronic module is configured to be inserted and removed from
the cavity through the access opening. The electronic module
has a projection on an underside of the electronic module and
a sensor mounted on the projection (e.g., an optical heart rate
sensor), where the projection extends through the sensor

May 19, 2016

opening when the electronic module is received in the cavity
and is configured to place the sensor in close proximity to skin
of the user, such that the sensor is configured to sense a
physiological parameter of the user.

[0006] According to one aspect, the access opening is
defined in the inner wall of the pocket, and the sensor opening
is separate from the access opening.

[0007] According to another aspect, the electronic module
includes a casing defining the projection, a computer device
contained within the casing and in communication with the
sensor, and an interface defined on a top side of the casing and
configured to receive user input for operation of the computer
device. The electronic module may also include a connector
configured for connection to an external device, and the band
may include a protective shell positioned within the cavity,
where the protective shell receives the connector therein
when the electronic module is received in the cavity.

[0008] According to a further aspect, the article of apparel
is aband that includes a tubular body configured to be worn by
the user, where the tubular body of the band has a wider end
and a narrower end and is configured to be worn on an arm of
the user. The access opening may be located at the end of the
pocket most proximate to the narrower end of the tubular
body in one configuration, or at the end of the pocket most
proximate to the wider end of the tubular body in another
configuration.

[0009] According to yet another aspect, the article of
apparel is formed of an elastic fabric material, and the elastic
fabric material of the article of apparel at least partially
defines the inner wall of the pocket and an outer wall of the
pocket, such that the pocket is integrally formed with the
tubular body. The inner and outer walls of the pocket may be
heat pressed with a bonding material, such that the elastic
fabric material defining the inner and outer walls of the pocket
has lower elasticity than the elastic fabric material defining
the tubular body.

[0010] According to a still further aspect, the article of
apparel includes a housing formed of a polymer material and
connected to the article of apparel, where the housing defines
the cavity of the pocket. The article of apparel may be formed
of an elastic fabric material, where the polymer material of
the housing has increased rigidity relative to the elastic fabric
material of the article of apparel.

[0011] According to an additional aspect the band further
includes a movable securing member securing the module
within the cavity.

[0012] Additional aspects of the disclosure relate to a band
that includes a tubular body having an inner surface and an
outer surface and defining a central passage extending in an
axial direction between first and second opposed ends, where
the tubular body is configured to be worn on a user’s body
such that a portion of the user’s body is received in the central
passage. The tubular body has an inner portion at least par-
tially defining the inner surface and an outer portion at least
partially defining the outer surface, where the inner portion
and the outer portion each include a layer of an elastic fabric
material, with the tubular body further including a bonding
material between the inner and outer portions to bond the
inner portion to the outer portion. The bonding material is
arranged in a plurality of lines extending in the axial direc-
tion, where the lines are spaced from each otherina direction
perpendicular to the axial direction. The lines may be curved
or straight, or a combination of the two, in various configu-
rations.
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[0013] According to one aspect, each of the lines of bond-
ing material is a broken line including a plurality of line
segments separated by a plurality of gaps. In one configura-
tion, the gaps in each line are staggered with respect to the
gaps in each adjacent line. More specifically, the gaps of a first
line may be offset from the gaps of a second line adjacent to
the first line, such that the gaps of the first line are aligned with
the line segments of the second line, and the gaps of the
second line are aligned with the line segments of the first line.
[0014] According to another aspect, the band further
includes a pocket supported by the tubular body, the pocket
having an inner wall located on the inner surface of the tubular
body and an outer wall located on the outer surface of the
tubular body, with a cavity defined between the inner wall and
the outer wall. The pocket has a sensor opening extending
through the inner wall of the pocket and an access opening
providing access to the cavity.

[0015] According to a further aspect, the layers of the inner
portion and the outer portion are part of a single sheet of the
elastic fabric material having two opposed edges, where the
single sheet is folded along a fold line and the two opposed
edges are connected to each other to form the layers of the
inner portion and the outer portion.

[0016] Further aspects of the disclosure relate to a band
including a tubular body having an inner surface and an outer
surface and defining a central passage, where the tubular body
is configured to be worn on a user’s body such that a portion
of the user’s body is received in the central passage, and a
pocket supported by the tubular body. The pocket has an inner
wall located on the inner surface of the tubular body and an
outer wall located on the outer surface of the tubular body,
with a cavity defined between the inner wall and the outer
wall. The pocket also has a sensor opening extending through
the inner wall of the pocket and an access opening providing
access to the cavity. The pocket is configured to removably
receive an electronic module in the cavity through the access
opening, such that the sensor opening is configured to permit
a sensor of the electronic module to be placed in close prox-
imity to skin of the user.

[0017] According to one aspect, the access opening and the
sensor opening are formed together as a single opening.
[0018] According to another aspect, the access opening is
defined in the inner wall of the pocket, and the sensor opening
is separate from the access opening.

[0019] According to a further aspect, the tubular body is
formed of an elastic fabric material, and the elastic fabric
material of the band at least partially defines the inner and
outer walls of the pocket, such that the pocket is integrally
formed with the tubular body.

[0020] According to yet another aspect, the band includes
an adjustment mechanism connected to the tubular body and
configured for manipulation by the user to adjust a circum-
ference of the tubular body and a size of the central passage.
[0021] According to a still further aspect, the band includes
a housing formed of a polymer material and connected to the
tubular body, where the housing defines the cavity of the
pocket.

[0022] According to an additional aspect, the tubular body
has first and second opposed ends, such that the central pas-
sage extends between the first and second ends, and a slope of
the tubular body defined between the first and second ends is
between 0-0.75.

[0023] Still further aspects of the disclosure relate to an
electronic module that includes a casing having a top side and
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a bottom side, with the casing having a projection on the
bottom side. The module also includes a sensor (e.g., an
optical heart rate sensor) mounted on the projection, where
the sensor is configured to sense a physiological parameter of
a user, a computer device contained within the casing and in
communication with the sensor, and an interface defined on
the top side of the casing and configured to receive user input
for operation of the computer device.

[0024] According to one aspect, the electronic module fur-
ther comprises a connector positioned at an end of the casing
and connected to the computer device, the connector config-
ured for connection to an external device.

[0025] Other aspects of the disclosure may include any
features or combinations of features described above.
[0026] Still other features and advantages of the disclosure
will be apparent from the following specification taken in
conjunction with the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 illustrates an example system that may be
configured to provide personal training and/or obtain data
from the physical movements of a user in accordance with
example embodiments;

[0028] FIG. 2 illustrates an example computer device that
may be part of or in communication with the system of FIG.
1.

[0029] FIG. 3 shows an illustrative sensor assembly that
may be worn by a user in accordance with example embodi-
ments;

[0030] FIG. 4 shows another example sensor assembly that
may be worn by a user in accordance with example embodi-
ments;

[0031] FIG. 5 shows illustrative locations for sensory input
which may include physical sensors located on/in a user’s
clothing and/or be based upon identification of relationships
between two moving body parts of the user;

[0032] FIG. 6 shows a chart comparing different exercises
to the mean of a sensor’s output based upon different move-
ments;

[0033] FIG. 7 is a flowchart that may be utilized in the
creation or modification of a heart-rate measurement protocol
in accordance with certain embodiments;

[0034] FIG. 8isa chart correlating Body Mass Index (BMI)
with a performance score amongst a full population sample,
in accordance with various examples disclosed herein;
[0035] FIG. 9 is a chart correlating BMI with the perfor-
mance score amongst male individuals of the population
sample of FIG. 8, in accordance with various examples dis-
closed herein;

[0036] FIG. 10 is a chart correlating BMI with the perfor-
mance score amongst female individuals of the population
sample of FIG. 8, in accordance with various examples dis-
closed herein;

[0037] FIG. 11 is a perspective view of one embodiment of
a band according to aspects of the disclosure;

[0038] FIG. 12 is a top view of the band of FIG. 11;
[0039] FIGS. 13A-B are perspective views of another
embodiment of a band according to aspects of the disclosure,
turned inside-out;

[0040] FIG. 14 is a top view of another embodiment of a
band according to aspects of the disclosure;

[0041] FIG. 15A is a perspective view and a side view of
another embodiment of a band according to aspects of the
disclosure;
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[0042] FIG. 15B is a perspective view and a side view of
another embodiment of a band according to aspects of the
disclosure;

[0043] FIG. 16 shows two cross-section views of two addi-
tional embodiments of a band according to aspects of the
disclosure;

[0044] FIG. 17 is a top view and a side view of another
embodiment of a band according to aspects of the disclosure;
[0045] FIGS. 18-30 are top views of components for manu-
facturing a band according to aspects of the disclosure;
[0046] FIGS. 31-38 are plan views schematically illustrat-
ing a method of manufacturing a band according to aspects of
the disclosure, using the components of FIGS. 18-30;
[0047] FIG. 39A is a top view and a side view of another
embodiment of a band according to aspects of the disclosure;
[0048] FIG. 39B is a top view and a side view of another
embodiment of a band according to aspects of the disclosure;
[0049] FIG. 40A is a top view of another embodiment of a
band according to aspects of the disclosure, with some com-
ponents used in manufacturing the band,

[0050] FIG. 40B is a top view of another embodiment of a
band according to aspects of the disclosure, with some com-
ponents used in manufacturing the band;

[0051] FIG. 41 shows top perspective and bottom perspec-
tive views of one embodiment of a module according to
aspects of the disclosure;

[0052] FIG. 42 is a top view of another embodiment of a
module according to aspects of the disclosure;

[0053] FIG. 43 shows bottom perspective, top perspective,
top, and bottom views, from left to right, of another embodi-
ment of a module according to aspects of the disclosure;
[0054] FIG. 44 shows bottom perspective, top perspective,
top, and bottom views, from left to right, of another embodi-
ment of a module according to aspects of the disclosure;
[0055] FIG. 45 shows bottom perspective, top perspective,
top, and bottom views, from left to right, of another embodi-
ment of a module according to aspects of the disclosure;
[0056] FIG. 46 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;

[0057] FIG. 47 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;

[0058] FIG. 48 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;

[0059] FIG. 49 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;

[0060] FIG. 50 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;

[0061] FIG. 51 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;

[0062] FIG. 52 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;

[0063] FIG. 53 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;

[0064] FIG. 54 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;
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[0065] FIG. 55 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;

[0066] FIG. 56 shows top perspective and bottom perspec-
tive views, from left to right, of another embodiment of a
module according to aspects of the disclosure;

[0067] FIG.57isatop perspective view of another embodi-
ment of a module according to aspects of the disclosure;
[0068] FIG. 58is atop perspective view of another embodi-
ment of a module according to aspects of the disclosure;
[0069] FIG. 59 is a front view of the module of FIG. 58;
[0070] FIG. 60 is atop perspective view of another embodi-
ment of a module according to aspects of the disclosure;

[0071] FIG. 61 is a bottom perspective view of the module
of FIG. 60,

[0072] FIG. 62 is a side view of the module of FIG. 60;
[0073] FIG. 63 is a bottom perspective view of the module

of FIG. 60, with a retaining structure connected to the mod-
ule;

[0074] FIG. 64 is a perspective view of one embodiment of
a mold for manufacturing a band according to aspects of the
disclosure;

[0075] FIG. 65 is a cross-sectional view of the mold of FIG.
64 along a longitudinal axis;

[0076] FIG. 66 is a cross-sectional view of the mold of FIG.
64 along a lateral axis;

[0077] FIG. 67 is a magnified view of a portion of the mold
as shown in FIG. 66;

[0078] FIG. 68 is a top view of another embodiment of a
band according to aspects of the disclosure;

[0079] FIG. 69 is a top view of the band of FIG. 68, turned
inside-out;

[0080] FIG. 70A is top view of the band of FIG. 68, turned
inside out;

[0081] FIG. 70B is top view of the band of FIG. 68;
[0082] FIG. 70C is bottom view of the band of FIG. 68;
[0083] FIGS.71-73 are top views of components for manu-

facturing the band as shown in FIGS. 68-70C;

[0084] FIG. 74 is a top view of a housing of the band as
shown in FIGS. 68-70C;

[0085] FIG. 75 is a bottom view of the housing of FIG. 74,
[0086] FIGS.76-77 aretop views of additional components
for manufacturing the band as shown in FIGS. 68-70C;

[0087] FIG. 78 is a side view of the housing of FIG. 74;
[0088] FIG. 79 is a bottom perspective view of the housing
of F1G. 74,

[0089] FIG. 80 is a bottom perspective view of the housing
of FIG. 74,

[0090] FIG. 81 is a top perspective view of the housing of
FIG. 74;

[0091] FIG. 82 is a side view of the housing of FIG. 74;
[0092] FIGS. 83-91 are plan views schematically illustrat-

ing a method of manufacturing a band according to aspects of
the disclosure, using the components and housing of FIGS.
71-82,

[0093] FIG. 92 is a top view of another embodiment of a
band according to aspects of the disclosure, with a portion of
the band shown in greater detail in an inset;

[0094] FIG. 93 is a top view of another embodiment of a
band according to aspects of the disclosure, with a portion of
the band shown in greater detail in an inset;

[0095] FIG. 94 is a perspective view schematically illus-
trating one embodiment of a mold for heat pressing a portion
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of a band according to aspects of the disclosure, along with
the housing of F1IG. 74, which is usable in connection with the
method of FIGS. 83-91;

[0096] FIG. 95 is a perspective view schematically illus-
trating use of the mold of FIG. 94 in operation;

[0097] FIG. 96 is a bottom view of another embodiment of
a band according to aspects of the disclosure, illustrating
certain physical dimensions of the band,;

[0098] FIG. 96A is a schematic view of one embodiment of
a band according to aspects of the disclosure, illustrating the
calculation of the slope of the band,

[0099] FIG.97is atop perspective view of another embodi-
ment of a housing usable in manufacturing a band according
to aspects of the disclosure;

[0100] FIG. 98 is a bottom perspective view of the housing
of F1G. 97,

[0101]
FIG. 97,

[0102] FIG. 100 is a bottom perspective view of another

embodiment of a housing usable in manufacturing a band
according to aspects of the disclosure;

FIG. 99 is a top perspective view of the housing of

[0103] FIG. 101 is a top perspective view of the housing of
FIG. 100;
[0104] FIG. 102 is a bottom perspective view of one

embodiment of a housing and additional input device that is
usable in connection with a band and module according to
aspects of the disclosure;

[0105] FIG. 103 is a top perspective view of the housing
and additional input device of FIG. 102;

[0106] FIG. 104 is a bottom perspective view of one
embodiment of a housing and additional input device that is
usable in connection with a band and module according to
aspects of the disclosure;

[0107] FIG. 105 is a top perspective view of the housing
and additional input device of FIG. 104;

[0108] FIG.106isabottom perspective view of the housing
of FIG. 102 and the module of FIG. 60 being inserted into the
housing;

[0109] FIG. 107 is a perspective view and an exploded
perspective view of another embodiment of an additional
input device and a module according to aspects of the disclo-
sure, showing a connection between the additional input
device and the module;

[0110] FIG. 108 is a perspective view and an exploded
perspective view of another embodiment of an additional
input device and a module according to aspects of the disclo-
sure, showing a connection between the additional input
device and the module;

[0111] FIG. 109 is a perspective view of one embodiment
of a band having an additional input device connected to the
band, according to aspects of the disclosure;

[0112] FIG. 110is a schematic perspective view of another
embodiment of a module, an additional input device, and a
band according to aspects of the disclosure, showing the
module being connected to the additional input device and
then being connected to the band,

[0113] FIG. 111 is a schematic view illustrating another
embodiment of a band with an additional input device con-
nected to the band, with the band being worn on an arm of a
user, and with the additional input device being in communi-
cation with one or more external devices;
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[0114] FIG. 112 is a flowchart showing one embodiment of
amethod of operation that can be used in connection with an
external device and an additional input device according to
aspects of the disclosure;

[0115] FIG. 113 is a flowchart showing another embodi-
ment of a method of operation that can be used in connection
with an external device and an additional input device accord-
ing to aspects of the disclosure;

[0116] FIG. 114 illustrates one embodiment of a display of
an external device being operated in conjunction with an
additional input device according to aspects of the disclosure;
and

[0117] FIG. 115 illustrates another embodiment of a dis-
play of an external device being operated in conjunction with
an additional input device according to aspects of the disclo-
sure.

DETAILED DESCRIPTION

[0118] Aspects of this disclosure involve obtaining, stor-
ing, and/or processing athletic data relating to the physical
movements of an athlete. The athletic data may be actively or
passively sensed and/or stored in one or more non-transitory
storage mediums. Still further aspects relate to using athletic
data to generate an output, such as for example, calculated
athletic attributes, feedback signals to provide guidance, and/
or other information. These and other aspects will be dis-
cussed in the context of the following illustrative examples of
a personal training system.

[0119] In the following description of the various embodi-
ments, reference is made to the accompanying drawings,
which form a part hereof, and in which is shown by way of
illustration various embodiments in which aspects of the dis-
closure may be practiced. It is to be understood that other
embodiments may be utilized and structural and functional
modifications may be made without departing from the scope
and spirit of the present disclosure. Further, headings within
this disclosure should not be considered as limiting aspects of
the disclosure and the example embodiments are not limited
to the example headings.

[0120] I. Example Personal Training System
[0121] A. Illustrative Networks
[0122] Aspects of this disclosure relate to systems and

methods that may be utilized across a plurality of networks. In
this regard, certain embodiments may be configured to adapt
to dynamic network environments. Further embodiments
may be operable in differing discrete network environments.
FIG. 1 illustrates an example of a personal training system
100 in accordance with example embodiments. Example sys-
tem 100 may include one or more interconnected networks,
such as the illustrative body area network (BAN) 102, local
area network (LAN) 104, and wide area network (WAN) 106.
As shown in FIG. 1 (and described throughout this disclo-
sure), one or more networks (e.g., BAN 102, LAN 104, and/or
WAN 106), may overlap or otherwise be inclusive of each
other. Those skilled in the art will appreciate that the illustra-
tive networks 102-106 are logical networks that may each
comprise one or more different communication protocols
and/or network architectures and yet may be configured to
have gateways to each other or other networks. For example,
each of BAN 102, LAN 104 and/or WAN 106 may be opera-
tively connected to the same physical network architecture,
such as cellular network architecture 108 and/or WAN archi-
tecture 110. For example, portable electronic device 112,
which may be considered a component of both BAN 102 and
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LAN 104, may comprise a network adapter or network inter-
face card (NIC) configured to translate data and control sig-
nals into and from network messages according to one or
more communication protocols, such as the Transmission
Control Protocol (TCP), the Internet Protocol (IP), and the
User Datagram Protocol (UDP) through one or more of archi-
tectures 108 and/or 110. These protocols are well known in
the art, and thus will not be discussed here in more detail.
[0123] Network architectures 108 and 110 may include one
or more information distribution network(s), of any type(s) or
topology(s), alone or in combination(s), such as for example,
cable, fiber, satellite, telephone, cellular, wireless, etc. and as
such, may be variously configured such as having one or more
wired or wireless communication channels (including but not
limited to: WiFi®, Bluetooth®, Near-Field Communication
(NFC) and/or ANT technologies). Thus, any device within a
network of FIG. 1, (such as portable electronic device 112 or
any other device described herein) may be considered inclu-
sive to one or more of the different logical networks 102-106.
With the foregoing in mind, example components of an illus-
trative BAN and LAN (which may be coupled to WAN 106)
will be described.

[0124] 1. Example Local Area Network

[0125] LAN 104 may include one or more electronic
devices, such as for example, computer device 114. Computer
device 114, or any other component of system 100, may
comprise a mobile terminal, such as a telephone, music
player, tablet, netbook or any portable device. In other
embodiments, computer device 114 may comprise a media
player or recorder, desktop computer, server(s), a gaming
console, such as for example, a Microsoft® XBOX, Sony®
Playstation, and/or a Nintendo® Wii gaming consoles. Those
skilled in the art will appreciate that these are merely example
devices for descriptive purposes and this disclosure is not
limited to any console or computing device.

[0126] Those skilled in the art will appreciate that the
design and structure of computer device 114 may vary
depending on several factors, such as its intended purpose.
One example implementation of computer device 114 is pro-
vided in FIG. 2, which illustrates a block diagram of comput-
ing device 200. Those skilled in the art will appreciate that the
disclosure of FIG. 2 may be applicable to any device dis-
closed herein. Device 200 may include one or more proces-
sors, such as processor 202-1 and 202-2 (generally referred to
herein as “processors 202" or “processor 202”). Processors
202 may communicate with each other or other components
via an interconnection network or bus 204. Processor 202
may include one or more processing cores, such as cores
206-1 and 206-2 (referred to herein as “cores 206 or more
generally as “core 206”), which may be implemented on a
single integrated circuit (IC) chip.

[0127] Cores 206 may comprise a shared cache 208 and/or
a private cache (e.g., caches 210-1 and 210-2, respectively).
One or more caches 208/210 may locally cache data stored in
a system memory, such as memory 212, for faster access by
components of the processor 202. Memory 212 may be in
communication with the processors 202 via a chipset 216.
Cache 208 may be part of system memory 212 in certain
embodiments. Memory 212 may include, but is not limited to,
random access memory (RAM), read only memory (ROM),
and include one or more of solid-state memory, optical or
magnetic storage, and/or any other medium that can be used
to store electronic information. Yet other embodiments may
omit system memory 212.
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[0128] System 200 may include one or more I/O devices
(e.g., I/O devices 214-1 through 214-3, each generally
referred to as 1/0 device 214). I/O data from one or more /O
devices 214 may be stored at one or more caches 208, 210
and/or system memory 212. Each of /O devices 214 may be
permanently or temporarily configured to be in operative
communication with a component of system 100 using any
physical or wireless communication protocol.

[0129] Returning to FIG. 1, four example [/O devices
(shown as elements 116-122) are shown as being in commu-
nication with computer device 114. Those skilled in the art
will appreciate that one or more of devices 116-122 may be
stand-alone devices or may be associated with another device
besides computer device 114. For example, one or more /O
devices may be associated with or interact with a component
of BAN 102 and/or WAN 106. /O devices 116-122 may
include, but are not limited to athletic data acquisition units,
such as for example, sensors. One or more I/O devices may be
configured to sense, detect, and/or measure an athletic param-
eter from a user, such as user 124. Examples include, but are
not limited to: an accelerometer, a gyroscope, a location-
determining device (e.g., GPS), light (including non-visible
light) sensor, temperature sensor (including ambient tem-
perature and/or body temperature), sleep pattern sensors,
heart rate monitor, image-capturing sensor, moisture sensor,
force sensor, compass, angular rate sensor, and/or combina-
tions thereof among others.

[0130] In further embodiments, /O devices 116-122 may
be used to provide an output (e.g., audible, visual, or tactile
cue) and/or receive an input, such as a user input from athlete
124. Example uses for these illustrative I/O devices are pro-
vided below, however, those skilled in the art will appreciate
that such discussions are merely descriptive of some of the
many options within the scope of this disclosure. Further,
reference to any data acquisition unit, I/O device, or sensor is
to be interpreted disclosing an embodiment that may have one
or more 1/O device, data acquisition unit, and/or sensor dis-
closed herein or known in the art (either individually or in
combination).

[0131] Information from one or more devices (across one or
more networks) may be used to provide (or be utilized in the
formation of) a variety of different parameters, metrics or
physiological characteristics including but not limited to:
motion parameters, such as speed, acceleration, distance,
steps taken, direction, relative movement of certain body
portions or objects to others, or other motion parameters
which may be expressed as angular rates, rectilinear rates or
combinations thereof, physiological parameters, such as
calories, heart rate, sweat detection, effort, oxygen con-
sumed, oxygen kinetics, and other metrics which may fall
within one or more categories, such as: pressure, impact
forces, information regarding the athlete, such as height,
weight, age, demographic information and combinations
thereof.

[0132] System 100 may be configured to transmit and/or
receive athletic data, including the parameters, metrics, or
physiological characteristics collected within system 100 or
otherwise provided to system 100. As one example, WAN 106
may comprise server 111. Server 111 may have one or more
components of system 200 of FIG. 2. In one embodiment,
server 111 comprises at least a processor and a memory, such
as processor 206 and memory 212. Server 111 may be con-
figured to store computer-executable instructions on a non-
transitory computer-readable medium. The instructions may
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comprise athletic data, such as raw or processed data col-
lected within system 100. System 100 may be configured to
transmit data, such as energy expenditure points, to a social
networking website or host such a site. Server 111 may be
utilized to permit one or more users to access and/or compare
athletic data. As such, server 111 may be configured to trans-
mit and/or receive notifications based upon athletic data or
other information.

[0133] Returning to LAN 104, computer device 114 is
shown in operative communication with a display device 116,
an image-capturing device 118, sensor 120 and exercise
device 122, which are discussed in turn below with reference
to example embodiments. In one embodiment, display device
116 may provide audio-visual cues to athlete 124 to perform
a specific athletic movement. The audio-visual cues may be
provided in response to computer-executable instruction
executed on computer device 114 or any other device, includ-
ing a device of BAN 102 and/or WAN. Display device 116
may be a touchscreen device or otherwise configured to
receive a user-input.

[0134] In one embodiment, data may be obtained from
image-capturing device 118 and/or other sensors, such as
sensor 120, which may be used to detect (and/or measure)
athletic parameters, either alone or in combination with other
devices, or stored information. Image-capturing device 118
and/or sensor 120 may comprise a transceiver device. In one
embodiment sensor 128 may comprise an infrared (IR), elec-
tromagnetic (EM) or acoustic transceiver. For example,
image-capturing device 118, and/or sensor 120 may transmit
waveforms into the environment, including towards the direc-
tion of athlete 124 and receive a “reflection” or otherwise
detect alterations of those released waveforms. Those skilled
in the art will readily appreciate that signals corresponding to
a multitude of different data spectrums may be utilized in
accordance with various embodiments. In this regard, devices
118 and/or 120 may detect waveforms emitted from external
sources (e.g., not system 100). For example, devices 118
and/or 120 may detect heat being emitted from user 124
and/or the surrounding environment. Thus, image-capturing
device 126 and/or sensor 128 may comprise one or more
thermal imaging devices. In one embodiment, image-captur-
ing device 126 and/or sensor 128 may comprise an IR device
configured to perform range phenomenology.

[0135] Inoneembodiment, exercise device 122 may be any
device configurable to permit or facilitate the athlete 124
performing a physical movement, such as for example a
treadmill, step machine, etc. There is no requirement that the
device be stationary. In this regard, wireless technologies
permit portable devices to be utilized, thus a bicycle or other
mobile exercising device may be utilized in accordance with
certain embodiments. Those skilled in the art will appreciate
that equipment 122 may be or comprise an interface for
receiving an electronic device containing athletic data per-
formed remotely from computer device 114. For example, a
user may use a sporting device (described below in relation to
BAN 102) and upon returning home or the location of equip-
ment 122, download athletic data into element 122 or any
other device of system 100. Any 1/0 device disclosed herein
may be configured to receive activity data.

[0136] 2. Body Area Network

[0137] BAN 102 may include two or more devices config-
ured to receive, transmit, or otherwise facilitate the collection
of athletic data (including passive devices). Exemplary
devices may include one or more data acquisition units, sen-
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sors, or devices known in the art or disclosed herein, including
but not limited to 1/O devices 116-122. Two or more compo-
nents of BAN 102 may communicate directly, yet in other
embodiments, communication may be conducted via a third
device, which may be part of BAN 102, LAN 104, and/or
WAN 106. One or more components of LAN 104 or WAN
106 may form part of BAN 102. In certain implementations,
whether a device, such as portable device 112, is part of BAN
102, LAN 104, and/or WAN 106, may depend on the athlete’s
proximity to an access point to permit communication with
mobile cellular network architecture 108 and/or WAN archi-
tecture 110. User activity and/or preference may also influ-
ence whether one or more components are utilized as part of
BAN 102. Example embodiments are provided below.

[0138] User 124 may be associated with (e.g., possess,
carry, wear, and/or interact with) any number of devices, such
as portable device 112, shoe-mounted device 126, wrist-worn
device 128 and/or a sensing location, such as sensing location
130, which may comprise a physical device or a location that
is used to collect information. One or more devices 112, 126,
128, and/or 130 may not be specially designed for fitness or
athletic purposes. Indeed, aspects of this disclosure relate to
utilizing data from a plurality of devices, some of which are
not fitness devices, to collect, detect, and/or measure athletic
data. In certain embodiments, one or more devices of BAN
102 (or any other network) may comprise a fitness or sporting
device that is specifically designed for a particular sporting
use. As used herein, the term “sporting device” includes any
physical object that may be used or implicated during a spe-
cific sport or fitness activity. Exemplary sporting devices may
include, but are not limited to: golf balls, basketballs, base-
balls, soccer balls, footballs, powerballs, hockey pucks,
weights, bats, clubs, sticks, paddles, mats, and combinations
thereof. In further embodiments, exemplary fitness devices
may include objects within a sporting environment where a
specific sport occurs, including the environment itself, such
as a goal net, hoop, backboard, portions of a field, such as a
midline, outer boundary marker, base, and combinations
thereof.

[0139] Inthis regard, those skilled in the art will appreciate
that one or more sporting devices may also be part of (or form)
a structure and vice-versa, a structure may comprise one or
more sporting devices or be configured to interact with a
sporting device. For example, a first structure may comprise a
basketball hoop and a backboard, which may be removable
and replaced with a goal post. In this regard, one or more
sporting devices may comprise one or more sensors, such as
one or more of the sensors discussed above in relation to
FIGS. 1-3, that may provide information utilized, either inde-
pendently or in conjunction with other sensors, such as one or
more sensors associated with one or more structures. For
example, a backboard may comprise a first sensor configured
to measure a force and a direction of the force by a basketball
upon the backboard and the hoop may comprise a second
sensor to detect a force. Similarly, a golf club may comprise
a first sensor configured to detect grip attributes on the shaft
and a second sensor configured to measure impact with a golf
ball.

[0140] Looking to the illustrative portable device 112, it
may be a multi-purpose electronic device, that for example,
includes a telephone or digital music player, including an
IPOD®, IPAD®, or iPhone®, brand devices available from
Apple, Inc. of Cupertino, Calif. or Zune® or Microsoft®
Windows devices available from Microsoft of Redmond,
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Wash. As known in the art, digital media players can serve as
an output device, input device, and/or storage device for a
computer. Device 112 may be configured as an input device
for receiving raw or processed data collected from one or
more devices in BAN 102, LAN 104, or WAN 106. In one or
more embodiments, portable device 112 may comprise one or
more components of computer device 114. For example, por-
table device 112 may be include a display 116, image-cap-
turing device 118, and/or one or more data acquisition
devices, such as any of the /O devices 116-122 discussed
above, with or without additional components, so as to com-
prise a mobile terminal.

[0141] a. Hllustrative Apparel/Accessory Sensors

[0142] Incertain embodiments, I/O devices may be formed
within or otherwise associated with user’s 124 clothing or
accessories, including a watch, armband, wristband, neck-
lace, shirt, shoe, or the like. These devices may be configured
to monitor athletic movements of a user. It is to be understood
that they may detect athletic movement during user’s 124
interactions with computer device 114 and/or operate inde-
pendently of computer device 114 (or any other device dis-
closed herein). For example, one or more devices in BAN 102
may be configured to function as an all-day activity monitor
that measures activity regardless of the user’s proximity or
interactions with computer device 114. It is to be further
understood that the sensory system 302 shown in FIG. 3 and
the device assembly 400 shown in FIG. 4, each of which are
described in the following paragraphs, are merely illustrative
examples.

[0143] 1. Shoe-Mounted Device

[0144] In certain embodiments, device 126 shown in FIG.
1, may comprise footwear which may include one or more
sensors, including but not limited to those disclosed herein
and/or known in the art. FIG. 3 illustrates one example
embodiment of a sensor system 302 providing one or more
sensor assemblies 304. Assembly 304 may comprise one or
more sensors, such as for example, an accelerometer, gyro-
scope. location-determining components, force sensors and/
or or any other sensor disclosed herein or known in the art. In
the illustrated embodiment, assembly 304 incorporates a plu-
rality of sensors, which may include force-sensitive resistor
(FSR) sensors 306; however, other sensor(s) may be utilized.
Port 308 may be positioned within a sole structure 309 of a
shoe, and is generally configured for communication with one
or more electronic devices. Port 308 may optionally be pro-
vided to be in communication with an electronic module 310,
and the sole structure 309 may optionally include a housing
311 or other structure to receive the module 310. The sensor
system 302 may also include a plurality of leads 312 connect-
ing the FSR sensors 306 to the port 308, to enable communi-
cation with the module 310 and/or another electronic device
through the port 308. Module 310 may be contained within a
well or cavity in a sole structure of a shoe, and the housing 311
may be positioned within the well or cavity. In one embodi-
ment, at least one gyroscope and at least one accelerometer
are provided within a single housing, such as module 310
and/or housing 311. In at least a further embodiment, one or
more sensors are provided that, when operational, are config-
ured to provide directional information and angular rate data.
The port 308 and the module 310 include complementary
interfaces 314, 316 for connection and communication.
[0145] In certain embodiments, at least one force-sensitive
resistor 306 shown in FIG. 3 may contain first and second
electrodes or electrical contacts 318, 320 and a force-sensi-
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tive resistive material 322 disposed between the electrodes
318, 320 to electrically connect the electrodes 318, 320
together. When pressure is applied to the force-sensitive
material 322, the resistivity and/or conductivity of the force-
sensitive material 322 changes, which changes the electrical
potential between the electrodes 318, 320. The change in
resistance can be detected by the sensor system 302 to detect
the force applied on the sensor 316. The force-sensitive resis-
tive material 322 may change its resistance under pressure in
a variety of ways. For example, the force-sensitive material
322 may have an internal resistance that decreases when the
material is compressed. Further embodiments may utilize
“volume-based resistance”, which may be implemented
through “smart materials.”” As another example, the material
322 may change the resistance by changing the degree of
surface-to-surface contact, such as between two pieces of the
force sensitive material 322 or between the force sensitive
material 322 and one or both electrodes 318, 320. In some
circumstances, this type of force-sensitive resistive behavior
may be described as “contact-based resistance.”

[0146] 1ii. Wrist-Worn Device

[0147] As shown in FIG. 4, device 400 (which may
resemble or comprise sensory device 128 shown in FIG. 1),
may be configured to be worn by user 124, such as around a
wrist, arm, ankle, neck or the like. Device 400 may include an
input mechanism, such as a depressible input button 402
configured to be used during operation of the device 400. The
input button 402 may be operably connected to a controller
404 and/or any other electronic components, such as one or
more of the elements discussed in relation to computer device
114 shown in FIG. 1. Controller 404 may be embedded or
otherwise part of housing 406. Housing 406 may be formed of
one or more materials, including elastomeric components and
comprise one or more displays, such as display 408. The
display may be considered an illuminable portion of the
device 400. The display 408 may include a series of indi-
vidual lighting elements or light members such as LED lights
410. The lights may be formed in an array and operably
connected to the controller 404. Device 400 may include an
indicator system 412, which may also be considered a portion
or component of the overall display 408. Indicator system 412
can operate and illuminate in conjunction with the display
408 (which may have pixel member 414) or completely sepa-
rate from the display 408. The indicator system 412 may also
include a plurality of additional lighting elements or light
members, which may also take the form of LED lights in an
exemplary embodiment. In certain embodiments, indicator
system may provide a visual indication of goals, such as by
illuminating a portion of lighting members of indicator sys-
tem 412 to represent accomplishment towards one or more
goals. Device 400 may be configured to display data
expressed in terms of activity points or currency earned by the
user based on the activity of the user, either through display
408 and/or indicator system 412.

[0148] A fastening mechanism 416 can be disengaged
wherein the device 400 can be positioned around a wrist or
portion of the user 124 and the fastening mechanism 416 can
be subsequently placed in an engaged position. In one
embodiment, fastening mechanism 416 may comprise an
interface, including but not limited to a USB port, for opera-
tive interaction with computer device 114 and/or devices,
such as devices 120 and/or 112. In certain embodiments,
fastening member may comprise one or more magnets. In one
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embodiment, fastening member may be devoid of moving
parts and rely entirely on magnetic forces.

[0149] Incertain embodiments, device 400 may comprise a
sensor assembly (not shown in FIG. 4). The sensor assembly
may comprise a plurality of different sensors, including those
disclosed herein and/or known in the art. In an example
embodiment, the sensor assembly may comprise or permit
operative connection to any sensor disclosed herein or known
in the art. Device 400 and or its sensor assembly may be
configured to receive data obtained from one or more external
sensors.

[0150] 1iii. Apparel and/or Body Location Sensing

[0151] Element 130 of FIG. 1 shows an example sensory
location which may be associated with a physical apparatus,
such as a sensor, data acquisition unit, or other device. Yet in
other embodiments, it may be a specific location of a body
portion or region that is monitored, such as via an image
capturing device (e.g., image capturing device 118). In cer-
tain embodiments, element 130 may comprise a sensor, such
that elements 1304 and 1305 may be sensors integrated into
apparel, such as athletic clothing. Such sensors may be placed
at any desired location of the body of user 124. Sensors
130a/h may communicate (e.g., wirelessly) with one or more
devices (including other sensors) of BAN 102, LAN 104,
and/or WAN 106. In certain embodiments, passive sensing
surfaces may reflect waveforms, such as infrared light, emit-
ted by image-capturing device 118 and/or sensor 120. In one
embodiment, passive sensors located on user’s 124 apparel
may comprise generally spherical structures made of glass or
other transparent or translucent surfaces which may reflect
waveforms. Different classes of apparel may be utilized in
which a given class of apparel has specific sensors configured
to be located proximate to a specific portion of the user’s 124
body when properly worn. For example, golf apparel may
include one or more sensors positioned on the apparel in a first
configuration and yet soccer apparel may include one or more
sensors positioned on apparel in a second configuration.

[0152] FIG. 5 shows illustrative locations for sensory input
(see, e.g., sensory locations 1304-1300). In this regard, sen-
sors may be physical sensors located on/in a user’s clothing,
vet in other embodiments, sensor locations 130a-1300 may
be based upon identification of relationships between two
moving body parts. For example, sensor location 130a may
be determined by identifying motions of user 124 with an
image-capturing device, such as image-capturing device 118.
Thus, in certain embodiments, a sensor may not physically be
located at a specific location (such as one or more of sensor
locations 130a-1300), but is configured to sense properties of
that location, such as with image-capturing device 118 or
other sensor data gathered from other locations. In this regard,
the overall shape or portion of a user’s body may permit
identification of certain body parts. Regardless of whether an
image-capturing device is utilized and/or a physical sensor
located on the user 124, and/or using data from other devices,
(such as sensory system 302), device assembly 400 and/or
any other device or sensor disclosed herein or known in the art
is utilized, the sensors may sense a current location of a body
part and/or track movement of the body part. In one embodi-
ment, sensory data relating to location 130m may be utilized
in a determination of the user’s center of gravity (a.k.a, center
of mass). For example, relationships between location 1304
and location(s) 130130/ with respect to one or more of
location(s) 130m-1300 may be utilized to determine if a
user’s center of gravity has been elevated along the vertical
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axis (such as during a jump) orifa useris attempting to “fake”
a jump by bending and flexing their knees. In one embodi-
ment, sensor location 1306~ may be located at about the
sternum of user 124. Likewise, sensor location 1300 may be
located approximate to the naval of user 124. In certain
embodiments, data from sensor locations 130m-1300 may be
utilized (alone or in combination with other data) to deter-
mine the center of gravity for user 124. In further embodi-
ments, relationships between multiple sensor locations, such
as sensors 130m-1300, may be utilized in determining orien-
tation ofthe user 124 and/or rotational forces, such as twisting
of user’s 124 torso. Further, one or more locations, such as
location(s), may be utilized as (or approximate) a center of
moment location. For example, in one embodiment, one or
more of location(s) 130m-1300 may serve as a point for a
center of moment location of user 124. In another embodi-
ment, one or more locations may serve as a center of moment
of specific body parts or regions.

[0153] II. Athletic Band with Removable Module

[0154] Aspects of this disclosure relate to a system that may
measure one or more attributes (e.g., physiological, biomedi-
cal, athletic, with the understanding that these may be over-
lapping examples) of a user during physical movements. In
one embodiment, systems and methods may measure one or
more attributes of a user while performing intense physical
exercise or movements. For example, users may be partici-
pating in professional sporting activities, including but not
limited to: American football, football, basketball, swim-
ming, or a combination thereof. In one embodiment, systems
and methods may consistently provide measurements from a
user during exercises in which the system experiences impact
forces and/or acceleration magnitudes commonly encoun-
tered during intensive activity, such as engaging in profes-
sional sports.

[0155] Certain aspects relate to a modular system that may
firmly retain or otherwise hold at least one sensor against a
user’s skin during intense physical activities. In one embodi-
ment, the system may be configured to retain a heart rate
sensor against a user’s skin during the intense physical activ-
ity in a manner that allows accurate readings during the activ-
ity. The band may further secure at least one sensor against the
skin and allow for less than 1 mm of movement of the sensor
with respect to the user’s skin during the athletic activity or
during movements commonly associated with the average
forces and/or acceleration magnitudes of the specific athletic
activity. In yet another embodiment, the band may be config-
ured such that a removable sensor moves less than 0.5 mm
with respect to the surface of the user’s skin during the ath-
letic activity. The system may comprise a band 920 config-
ured to be secured against the user’s skin or clothing. In one
embodiment, the band is configured to be an armband, how-
ever, may be configured as a wristband, waistband, or other
configuration. In one embodiment, the band 920 is configured
to be worn between the user’s elbow and wrist. In another
embodiment, the band is configured to be worn in a location
between the elbow and the shoulder.

[0156] Band 920 may be any suitable article of apparel that
can be attached to the body such as, but not limited to, bands
such as armbands, wristbands, leg bands, and belts. In addi-
tion, the article of apparel may be any suitable article of
apparel that can be worn on the body such as shirts, jackets,
coats, sweatshirts, vests, shorts, and pants, and various other
articles of clothing.
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[0157] Inoneembodiment, the band 920 may be configured
without fasteners configured to retain the band around the
arm. In one embodiment, the band may exhibit a modulus of
elasticity that allows the band to be retained around an
appendage of the user (e.g., arm) in a manner that fasteners
are not required to secure the band 920 to the appendage to
obtain accurate sensor readings during the activity, which
may be intense athletic activity. In yet another embodiment,
fasteners may be utilized to connect at least a portion or
portions of the band together for attachment to the appendage.
Any suitable fasteners may be used such as Velcro, snaps,
buttons, buckles, and zippers as is within the skill of the art.

[0158] In another aspect of the invention, as shown in the
figures herein, a wrist band or armband may be a continuous
tubular band made of an elastic material that can be pulled
onto the wrist or arm. As discussed below, a pocket (e.g.,
pocket 940) may be attached to, or formed integrally with, the
band 920. As further discussed below, band 920 may be
configured to comprise a “pocket” configured to retain an
electronic module. In this regard, the band may form a seal or
other surface around a portion of the user’s skin in a manner
that distributes forces such that at least a portion of the band
920 is held against the user’s skin with a less force per umt
area compared to any surface of an electronic module 930
held in the pocket 940 is pressed against the skin when the
user is wearing the band 920. Band 920 may further be con-
figured such that a certain portion of ambient light is blocked
from contacting the user’s skin under the band 920. In this
regard, band 920 may block light in one or more specific
regions and/or over the entire area covered by the band during
normal use. In one embodiment, at least 75% of ambient light
is blocked from reaching the area of the band immediate
proximate to where a sensor extends from an aperture of the
band and contacts the surface of the user’s skin.

[0159] Generally, the device includes a band 920 config-
ured to be worn by or otherwise attached to the body ofa user
and a module 930 configured to be connected to the band 920,
in order to be worn by or otherwise attached to the user. The
band 920 may be an armband in one embodiment, as illus-
trated in FIGS. 11-12, which is configured to be worn on the
upper forearm of the user, just below the elbow. FIGS. 39A-B
also illustrate embodiments similar to the embodiments of
FIGS. 11-12. The band 920 in this embodiment includes a
tubular body 921 defining a central passage 922, such that the
user’s arm is received through the passage 922 and the tubular
body 921 wraps around the arm. The tubular body 921 is
somewhat frusto-conical in shape in the embodiment shown,
with a wider top end 923 configured to be positioned closer to
the elbow, and an opposite narrower bottom end 924 config-
ured to be positioned closer to the wrist, where the arm is
typically smaller. The frusto-conical shape of the tubular
body 921 may assist in resisting slipping of the band 920
when worn on the user’s forearm during activity. Without
being bound to a particular theory, evidence indicates that the
tendency of the band 920 to slip decreases with a decrease in
the proportional difference between the size of the top end
923 and the size of the bottom end 924 (e.g., the “slope” of a
cross-section ofthe tubular body 921). FIG. 96 illustrates how
the slope of an edge 994 of the tubular body 921 can be
determined, with respect to the Axis X. In other words, the
closer the size of the bottom end 924 is relative to the top end
923, the less likely slippage is to occur (within limits). Evi-
dencealso indicates that larger-size bands 920 are more likely
to slip than smaller-size bands 920. Accordingly, larger-size
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bands 920 may be provided with a smaller difference between
the diameter of the top end 923 and the bottom end 924
relative to that of smaller-size bands 920 in one embodiment,
in order to reduce slippage in the larger-size bands 920.

[0160] Various different “slopes” defined on the tubular
body 921 may be relevant to the degree of slippage of the band
920. FIG. 96 illustrates multiple different slopes that may be
calculated relative to the Axis X, which is perpendicular to the
top and bottom ends 923,924, using a reference point Height
H in the calculation of the slopes. The Height H represents a
circumferential line that is parallel to the ends 923, 924 of the
band 920 and is positioned approximately 70% of the dis-
tance between the bottom end 924 and the top end 923, i.e.,
the approximate location of the sensor 932 when the module
930 is positioned within the housing 963. It is understood that
reference point Height H may be located differently if the
band 920 is configured differently, in order to create a differ-
ent sensor 932 position. It has been found that the overall
slope of the tubular body 921 and the Slope B (between the
bottom end 924 and the Height H) have the greatest effect on
slippage, and as these slopes approach zero, the reported
incidence of slippage is reduced. In the embodiment shown in
FIG. 96, the Slope A and Slope B are equal to each other, and
are also equal to the overall slope of the tubular body 921. In
other embodiments, Slope A and Slope B may be different
from each other, and one or both of Slope A and Slope B may
be different from the overall slope of the tubular body 921. It
is understood that any of these slopes may be an “average”
slope, and that the tubular body 921 may have a curvilinear or
other non-linear edge profile.

[0161] As stated above, the overall slope of the tubular
body 921 may affect the fit and slippage probability of the
band 920. The overall (average) slope of the tubular body 921
may be calculated by drawing a straight virtual line between
the intersection point of the Axis X and the top end 923 of the
band 920 and the end point of the bottom end 924 of the band
920, as shown in FIG. 96A. A short-hand way to perform this
calculation is to use the difference in circumference or diam-
eter between any two points along the height of the tubular
body 921 (e.g., between the top end 923 and the bottom end
924) to determine the slope. This virtual line may be consid-
ered to be the combination of the lines Slope A and Slope B in
FIG. 96, although Slope A and Slope B may be different from
each other in other embodiments. Slope A or Slope B may
also affect the fit and slippage probability of the band 920, and
these slopes may be calculated as averages in the same man-
ner described above with respect to the overall slope of the
tubular body 921. In one embodiment, the overall slope of the
tubular body 921, the Slope A, and/or the Slope B may be
from 0-0.75, or about 0.65. In another embodiment, the over-
all slope of the tubular body 921, the Slope A, and/or the Slope
B may be from 0-0.5, or about 0.4. In a further embodiment,
the overall slope of the tubular body 921, the Slope A, and/or
the Slope B may be from 0-0.3, or from 0-0.15. For smaller
sizes of bands 920 (e.g., maximum diameter of 200 mm or
below), the overall slope of the tubular body 921, the Slope A,
and/or the Slope B may be closer to zero than for larger sizes.
It is understood that if the overall slope of the tubular body
921 is zero, the dimensions of the top and bottom ends 923,
924 may be equal or approximately equal, such that the top
end 923 is not wider than the bottom end 924.

[0162] Inanother embodiment, a similarly structured band
920 may be configured to be worn elsewhere on the body. For
example, the band 920 may be configured to be worn else-



US 2016/0135743 Al

where on the arm, such as on the upper arm, the wrist, the
hand, etc. As another example, the band 920 may be config-
ured to be wrap around a different body part of the user, such
as various locations on the leg, neck, torso, head, etc. It is
understood that the dimensions and contours of the band 920
may be adjusted for wrapping around different body parts.

[0163] Inoneembodiment, the band 920 may be formed of
a flexible, elastic material that can stretch to allow the user to
comfortably wear the band 920 and to place the band 920 on
and off of the user’s body, e.g., an elastic fabric. The band 920
may be made from two or more layers of material that are
joined together, and which may be part of a single piece
folded over to create multiple layers. FIGS. 11-12 illustrate
one embodiment of the band 920, and FIGS. 14-17, 39A-B,
and 68-70C illustrate similar embodiments with some differ-
ent features, as described herein.

[0164] Intheembodiments shownin FIGS.11-17 and 39A-
B, the band 920 is made from a piece of fabric that is folded
over onto itself to form two layers and joined by adhesive
applied between the two layers. The adhesive may be formed
into a pattern in some embodiments, which may be visible in
the finished product, creating a distinct visual appearance.
The adhesive pattern may also be functional, such as in con-
trolling the maximum degree of stretching of the band 920,
controlling the locations of stretching or other deformation of
the band 920, enhancing the durability of the band 920, and/or
other functions. As shown in FIGS. 12, 14, and 39A-B, the
adhesive is applied in a plurality of lines 925 extending in the
axial direction (i.e., between the ends 923, 924) along the
band 920 and spaced circumferentially from each other. In
these configurations, radial stretching of the band 920 occurs
between the lines 925, and the adhesive lines 925 provide
low-stretch areas. The bands 920 in FIGS. 12, 14, and 39A-B
have broken or discontinuous adhesive lines 925 (i.e., line
segments ), having one or more gaps 926 along each line 925.
Additionally, the gaps 926 of each line 925 in this embodi-
ment are offset or staggered from the gaps 926 of the adjacent
lines 925. In another embodiment, the band 920 may have
solid adhesive lines 925 (which may be straight and/or
curved), such as in FIGS. 40A-B, or one or more solid blocks
of adhesive. The configurations of the adhesive lines 925 in
FIGS. 12, 14, 39A-B, and 40A-B provides several advan-
tages. First, the lines 925 extending axially allows most of the
radial stretching of the band to occur between the lines 925, so
that the modulus or elastic response of the elastic material of
the band 920 controls the amount of stretching. Additionally,
the lines 925 extending axially permits the adhesive of the
lines 925 to have a more significant influence on the modulus
or elastic response of the band 920 in the axial direction, thus
limiting the amount of axial stretching that occurs. This is
beneficial to avoid excess stretching as the band 920 is pulled
onto the user’s body (e.g., forearm), so that the band 920
slides as desired, rather than wasting user-exerted energy by
stretching the band. The “offset” of the gaps 926 also helps
limit axial stretching. Further, the intermittent application of
the adhesive lines 925 provides greater breathability, as the
fabric of the band material is typically more breathable than
the adhesive. In another embodiment, the band 920 is made
from a piece of fabric that is folded over onto itself to form
two layers and joined around the ends 923, 924, such as by
adhesive, stitching, etc.

[0165] The band 920 is generally configured to hold an
electronic module 930, which may be removable from the
band 920. In one embodiment, the band 920 has a pocket 940
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defining a cavity 941 configured to receive the module 930 in
aremovable configuration. In one embodiment, as illustrated
in FIGS. 11-12, the pocket 940 is accessible from an inner
surface 927 of the band 920 that is configured to confront
and/or contact the user’s body. FIGS. 36-38 illustrate com-
ponents of the pocket 940 as well. In this configuration, the
pocket 940 has an access opening 942 defined on the inner
side 927 of the band 920, and the module 930 can be inserted
and removed through the opening 942. The band 920 may be
flipped inside-out in order to facilitate this access. The pocket
940 in each embodiment shown in FIGS. 11-17 and
36-39A-B has an outer wall 943 that forms part of the outer
surface 928 of the band 920 and an inner wall 944 that forms
part of the inner surface 927 of the band 920, with the cavity
941 defined between the walls 943, 944. These walls 943, 944
are at least somewhat flexible in one embodiment, and may be
made of a single layer and/or piece or multiple layers and/or
pieces. In other embodiments, the walls 943, 944 may be
rigid, and may be made of the same material or a different
material as other portions of the band 920. The access opening
942 is defined within the inner wall 944 at one end of the
cavity 941 in the embodiment of FIGS. 11-14 and 36-39A-B,
such that the module 930 is inserted by inserting one end of
the module 930 (the USB connector 135 in one embodiment)
into the opening 942 and then pushing the rest of the module
930 through the opening 942 and into the cavity 941.

[0166] FIGS. 39A-B illustrate embodiments of the band
920 with the module 930 inserted into the pocket 940. In FIG.
39A, the pocket 940 is configured for insertion of the module
930 with the light 934 and the button 933 positioned nearer
the top end 923 of the band 920 (i.e., nearer the user’s elbow)
and the connector 935 positioned nearer the bottom end 924
oftheband 920 (i.e., nearer the user’s wrist). This is similar to
the configuration of FIG. 14. In FIG. 39B, the pocket 940 is
configured for insertion of the module 930 with the light 934
and the button 933 positioned nearer the bottom end 924 of
the band 920 (i.e., nearer the user’s wrist) and the connector
935 positioned nearer the top end 923 of the band 920 (i.e.,
nearer the user’s elbow). This is similar to the configuration of
FIGS. 11-12. It is understood that the access opening 942 (not
shown in FIGS. 39 A-B) may be located near the top end 923
in FIG. 39A and near the bottom end 924 in FIG. 39B. The
configuration in FIG. 39B may provide greater ergonomics
and ease of use. For example, viewing the light 934 and
pushing the button 933 may require less movement and more
natural movement when these components are located nearer
the wrist. Also, the force of pushing the button 933 com-
presses the user’s arm, and if the button 933 is nearer the wrist
where the bone is closer to the skin, there is less soft tissue that
can compress under the force of the button pushing. In the
configuration of F1G. 39B, the protective shell 948 (described
below) protects the connector 935, as it is located in an area
where users may grip to pull the band 920 on the arm.

[0167] FIGS. 13A-B illustrate another configuration for
inserting the module 930 into a pocket 940 with an access
opening 942 on the inner surface 927 of the band 920.

[0168] Thepocket 940 may also include one or more sensor
openings 945 configured to permit the sensor(s) 932 of the
module 930 an unimpeded path to sense the user’s body
directly, such as by contacting the user’s body (e.g., a heart
rate sensor) or otherwise interacting directly with the user’s
body (e.g., an optical, heat, or other radiation-based sensor).
In the embodiment illustrated in FIGS. 36-38, the pocket 940
has a single sensor opening 945 on the inner wall 944 that is
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separate from the access opening 942. In other embodiments,
the sensor opening 945 may be contiguous with the access
opening 942, such that only a single opening is defined in the
inner wall 944, and/or the pocket 940 may have multiple
sensor openings 945. One example of this configuration is
illustrated in FIGS. 68-70C and 78-82.

[0169] The outer wall 943 of the pocket is configured to
cover the module 930, and may be configured to permit read-
ing and/or manipulation of the module through the outer wall
943. Forexample, the outer wall 943 may include one or more
windows 946 to permit viewing of a display of the module
930. Such a window 946 may be an opening in the outer wall
943 or a transparent or translucent portion that allows viewing
of alight or lighted display therethrough. In the embodiments
shown in FIGS. 11-14 39A-B, and 68-70C, the outer wall 943
has a window 946 to permit viewing ofa single light, and may
additionally or alternately have one or more windows 946
configured to permit viewing of a plurality of LEDs on the
module 930 (i.e., a readable display). It is understood that the
pocket 940 may have one or more windows 946 configured to
be complementary with the structure of the module 930.

[0170] As another example, the outer wall 943 may have
one or more button portions 947 that are configured to allow
manipulation of one or more buttons 933 of the module 930
through the outer wall 943. It is understood that “buttons”
may include mechanical/electrical buttons, a touch-screen
interface, or other manually operable components. The button
portion 947 may simply be a flexible portion of the outer wall
943 that permits the user to press the button portion 947 to
activate the button 933 of the module 930, as shown in FIGS.
11-14. The outer wall 943 may further have one or more flex
zones (not shown) to control flexing of the outer wall 943
and/or portions of the band 920, such as a concave or indented
portion having greater flexibility. In another embodiment, the
button portion 947 may have a button mechanism (or mecha-
nisms) that actuates the button(s) 933 of the module 930. In a
further embodiment, the button portion 947 may double as a
window 946, such as if the module 930 has a button with a
light on it (see FIG. 42) or if the module 930 has a lighted
touch-screen display. The outer wall 943 may further have
indicia 947A, such as indications of the location(s) of the
button(s) 933 on the module 930, logos, instructions, etc.

[0171] The pocket 940 may further include a protective
shell 948 within the cavity 941 to protect at least a portion of
the module 930. The shell 948 may be formed of a rigid
material, such as a rigid plastic or fiber reinforced polymer
(e.g., thermoplastic polyurethane), a metallic material, or
other material. In the embodiment of FIGS. 11-14, the walls
943, 944 of the pocket 940 are flexible, and the shell 948 is
received within the cavity 941 and positioned at the end
opposite the access opening 942. In this configuration, the
shell 948 receives and protects the USB connector 935 of the
module 930. The shell 948 may further have structure to
retain the module 930 once the module 930 is inserted, such
as a friction fit configuration, complementary interlocking
structure with the module 930, etc. The shell 948 may also
have structures that produce audible and/or tactile indications
when the module 930 is fully inserted, in order to indicate to
the user that the module 930 is fully inserted. These audible/
tactile indications may be used with or without the locking
structure, and may interact with the connector 935. The shell
948 may be retained within the pocket 940 by adhesive or
other bonding material, friction fit, various mechanical con-
nection techniques, etc. In other embodiments, the shell 948
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may cover a greater or smaller proportion of the module 930,
or the pocket 940 may have no shell at all. FIG. 16 also
illustrates a protective shell 948 in one configuration.

[0172] Inother embodiments, illustrated in FIGS. 15A-17,
the band 920 may have the access opening 942 on the exterior
oftheband 920. For example, F1G. 15A illustrates an embodi-
ment where the access opening 942 is exposed on the outer
surface 928 of the band 920, and the module 930 can be
inserted through the access opening 942 into the cavity 941.
The module 930 in this embodiment is inserted similarly to
the technique described above, by inserting the end of the
module 930 first through the opening 942. As another
example, FIG. 15B illustrates an embodiment where the
access opening 942 is much larger and is nearly the same size
as the cavity 941. In this embodiment, the entire module 930
is pushed downward into the cavity 941 through the opening
942, and then a securing member 949 is used to secure the
module 930 within the pocket 940. The securing member 949
in this embodiment is a strap with a releasable connection,
such as hook-and-loop material, a mechanical fastener (e.g.,
a snap or button), or other releasable connection. In other
embodiments, the securing member 949 may have a different
configuration, such as a cap, a flap, a tab, or other structure.
FIG. 16 illustrates cross-sections of both of these embodi-
ments. FIG. 17 illustrates an embodiment where the module
930 is inserted similarly to the embodiment of FIG. 15A.

[0173] The band 920 may be assembled by using a heat
press operation, with heat-activated films bonding the pieces
of the band 920 together. FIGS. 18-38 illustrate one embodi-
ment of a method of assembly/manufacturing of the band
920. In this embodiment, a main body piece 950 is formed
(e.g., cut) from an elastic fabric material, as shown in F1G. 18,
with fold lines indicated by broken lines. The main body piece
950 has a first hole 950A for the opening 942, a second hole
950B for the sensor opening 945, and a third hole 950C
forming part of a window 946. The central fold line divides
the main body piece 950 into an inner portion 950D forming
the inner surface 927 of the band 920 and an outer portion
950F forming the outer surface 928 of the band 920. FIG. 19
illustrates a main bonding panel 951 of heat-activated film or
adhesive film (referred to as a “bonding material”), with the
lines 925 and gaps 926 formed thereon by etching or cutting.
FIGS. 40A-B illustrate alternate embodiments of the main
bonding panel 951 and the resultant band 920. FIGS. 20-21
illustrate an outer pocket interior piece 952 with a light hole
952A forming part of a window 946 and an interior pocket
edge bonding piece 953 with ahole 953 A for the opening 942,
both of which are made from a bonding material. FIGS. 22-23
illustrate an inner pocket trim and outer pocket structure piece
954 and aninner pocket structure piece 955, both of which are
made from a fabric material with a bonding material backing.
The inner pocket trim and outer pocket structure piece 954
has a light hole 954 A and a tongue 954B that is cut out of the
middle thereof. FIGS. 24-25 both illustrate alternate embodi-
ments of the inner pocket trim and outer pocket structure
piece 954. FIG. 24 illustrates a piece 954 that has an adhesive
or bonding material 954C positioned on the tongue 954B for
bonding to the shell 948 within the pocket 940. FIG. 25
illustrates a piece 954 that has a differently located light hole.
The inner pocket structure piece 955 has a first hole 955A for
the opening 942 and a second hole 955B for the sensor open-
ing 945. FIGS. 26-27 illustrate an outer pocket trim piece 956
and a pocket edge trim piece 957, both of which are made
from a fabric material with a bonding material backing. FIG.
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28 illustrates a graphics piece 958, which may include a logo
958A or other indicia 958B, as well as optionally a light hole
which may form part of a window 946. The graphics piece
958 may be made from a heat-activatable material. FIG. 29
illustrates a frame piece 959 that may be placed around the
holes 950B, 955B for the sensor opening 945, which may be
made from a polycarbonate material. FIG. 30 illustrates the
bonding material 954C for the shell 948, as also shown in
FIG. 24. It is understood that the various pieces of bonding
material described herein, including pieces 951, 952, 953,
etc., may be made from the same or different bonding mate-
rials, and may have the same or different thicknesses and/or
functional properties. It is also understood that the broken
lines in FIGS. 20-25 indicate cut lines that are made after the
pieces are placed in position on the band 920 during assem-
bly.

[0174] Assembly of these components may be performed
using a heat press, which seals the bonding material. The
assembly starts with the main bonding panel 950, as shown in
FIG. 31. In FIG. 32, the outer pocket interior piece 952 is
placed on the outer portion 950E of the main body panel 950
and the inner pocket structure piece 955 is placed on the inner
portion 950D main body panel 950, and a slight tackiness of
the bonding material may retain these places in place. The
frame piece 959 may additionally be placed around the open-
ing 955B in the inner pocket structure piece 955 to protect and
reinforce the sensor opening 945 after assembly. In another
embodiment, the frame piece 959 may be replace by an adhe-
sive rimming. In FIG. 33, the main bonding panel 951 is
applied to the outer portion 950E of the main body piece 950,
and may be retained by tackiness. As alternately shown in
FIG. 35, the main bonding panel 951 may be applied to the
inner portion 950D of the main body piece 950. The main
bonding panel 951 may be applied to the main body piece 950
and then removed to leave only the lines 925 of bonding
material defined by the etching/cutting. As shown in FIG. 34,
the interior pocket edge bonding piece 953 is placed on the
inner portion 950D of the main body piece 950, with the hole
953A properly located where the display of the module 930
may be. A strip 960 of bonding material is then placed across
the edge of the outer portion 950E of the main body piece,
which bonds the edges of the inner and outer sides 950D-E
together after folding. In FIG. 36, the main body piece 950 is
folded over so that the inner and outer portions 950D-E con-
front each other and can be bonded together by the main
bonding panel 951 and the strip 960. FIG. 36 illustrates both
the inner portion 950D and the outer portion 950E, now on
opposite surfaces of the main body piece 950. Outer portions
of the main body piece 950 may be cut away and/or folded
inwardly to make the final shape of the band 920 in this step,
as well.

[0175] In FIG. 37, the inner pocket trim and outer pocket
structure piece 954 is placed on the inner portion 950D, so
that the piece 954 is on the outer surface and the tongue 954B
extends through the opening 942 and into the cavity 941,
between the inner and outer portions 950D-E of the main
body piece 950. The outer pocket trim piece 956 is placed on
the outer portion 950E, as also shown in FIG. 37. The pocket
edge trim piece 957 is placed along an edge of the access
opening 942, as further shown in FIG. 37, such that the piece
957 folds over the edge. After this point in assembly, the
pieces are heat-pressed by using a specially-designed mold.
One embodiment of the mold 970 includes a first mold plate
or piece 971 in contact with the inner portion 950D and a
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second mold plate or piece 972 in contact with the outer
portion 950E, where the plates 971, 972 are pressed together
to heat-press the assembly and mold the pocket 940, as
described in greater detail below and shown in FIGS. 64-67.
A plug is inserted through the opening 942 during the heat
pressing, to form the inner shape of the pocket 940. During
the heat pressing, the bonding materials are heat-activated to
bond the adjacent surfaces together, and may add some local
rigidity to the structure as well. This local rigidity is particu-
larly advantageous for retaining the shape of the pocket 940
and for limiting axial stretching as described elsewhere
herein. In this configuration, the assembled pieces 950, 952,
953,954, 955, 956, 957 define the pocket 940, the cavity 941,
the access opening 942, and the sensor opening 945. The
inner portion 950D of the main body piece 950 combines with
other pieces (e.g.. the inner pocket structure piece 955) to
define the inner wall 944, and the outer portion 950E com-
bines with other pieces (e.g., the outer pocket interior piece
952 and the tongue 954B) to define the outer wall 943.

[0176] FIGS. 64-67 illustrate an example embodiment of a
mold 970 that can be used to manufacture the band 920 using
the components and techniques described herein and illus-
trated in FIGS. 18-40B. The mold 970 includes two mold
plates 971, 972 that are pressed together around the
assembled inner and outer portions 950D-E as shown in FIG.
37, such that these components are received in a mold cavity
973 between the mold plates 971, 972 in an assembled man-
ner. In the configuration shown in FIGS. 64-67, the first plate
971 contacts the inner portion 950D and the second plate 972
contacts the outer portion 950E. The mold plates 971, 972
each have an enlarged portion 974 that creates a secondary
cavity 975 within the mold cavity 973, for molding the pocket
940. One or both plates 971, 972 may include one or more
holes 978 to permit gases to escape during molding. A plug
976 is inserted between the inner and outer portions 950D-E
during the heat pressing, to form the inner shape of the pocket
940, as shown in FIGS. 65-67. As illustrated in FIGS. 65 and
67, the plug 976 includes a projection 977 that extends
through the sensor opening 945 during the molding process.
After the heat pressing is completed, the mold plates 971, 972
are separated, the plug 976 is removed from the pocket 940
(such as through the opening 942), and the assembled band
920 is removed from the mold 970. Additional manufacturing
steps may then be taken, as shown in FIG. 38. It is understood
that the structure and configuration of the mold 970 and the
components thereof may be changed for bands 920 having
different sizes, shapes, structures, etc.

[0177] After the complete, the assembly is removed from
the mold, and the final structure of the band 920 is assembled
as a flat piece, as shown in FIG. 38. The protective shell 948
may be placed in position in the cavity 941 after the heat
pressing is complete, and may be connected by the adhesive
or bonding material 954C in one embodiment. The graphics
piece 958 may be connected to the outer surface 928 of the
band 920, such as by heat pressing, heat sealing, adhesive or
other bonding material, etc. Additionally, a seam bonding
strip 961 is placed along the edge where the folded ends ofthe
inner and outer portions 950D-E meet, in order to cover the
edges. A band closure trim strip 962 is used to bond the ends
of the main body piece 950 together to form the tubular body
921. It is understood that the sides of the main body portion
950 may be cut or trimmed to shape, such as an angular shape
to create a “slope” of the band 920, before connection to form
the tubular body 921. These strips 961, 962 may be connected
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by heat pressing, heat sealing, adhesive or other bonding
material, knitting/stitching, or other technique. This forms the
final structure of the band 920 with the pocket 940 defined on
the inner surface 927. The strips 961, 962 may further form
effective locations for gripping the band 920 to pull the band
920 onto the user’s arm, and in particular, the closure trim
strip 962 may provide an effective area, due to it having lower
stretching capability than the other locations of the band 920.
FIG. 39A illustrates the band 920 constructed as shown in
FIGS. 18-38 with the module 940 received in the pocket 940,
and FIG. 39B illustrates a similar band 920, as described
elsewhere herein. It is understood that similar processes and
components may be used to form a band 920 with a different
configuration, such as an opening 942 on the outer surface
928, a pocket 940 in a different location or orientation, a
differently configured band 920 for use on a different body
part, etc. It is also understood that the components described
as being connected together herein may be connected by
other techniques in other embodiments, such as other types of
adhesives/bonding materials, mechanical fasteners, knitting/
stitching/sewing, etc.

[0178] FIGS. 68-70C illustrate another embodiment of a
band 920 that, in certain embodiments may include one or
more components in common with the bands 920 described
elsewhere herein and shown, e.g., in FIGS. 11-17 and 39A-B.
By way of illustrating certain embodiments, reference num-
bers used in FIGS. 68-93 are consistent with the reference
numbers used in connection with FIGS. 1-67, unless other-
wise noted below, and not all reference numbers may be
described again with respect to FIGS. 68-93 for the sake of
brevity. FIG. 68 illustrates the outer side 928 of the band 920,
and FIG. 69 illustrates the inner side 927 of the band 920. For
example, the band 920 has a pocket 940 configured for inser-
tion of the module 930 with the display 934 and the button 933
positioned nearer the bottom end 924 of the band 920 (i.e.,
nearer the user’s wrist) and the connector 935 positioned
nearer the top end 923 of the band 920 (i.e., nearer the user’s
elbow), similar to the configuration of FIG. 39B. In another
embodiment, the pocket 940 may be arranged differently,
such as an arrangement similar to the configuration of FIG.
39A. The module 930 is not shown in FIGS. 68-70C. The
outer wall 943 of the pocket has a button portion 947 config-
ured to interact with the button 933 on the module 930 and a
window 946 configured to permit viewing of the light 934
through the outer wall 943. The pocket 940 has an opening
942 on the inner wall 944 that extends into the cavity 941 and
is configured to act as both a sensor opening and access
opening. In other words, the opening 942 is large enough to
permit insertion of the module 930 into the cavity 941 through
the opening 942, and a portion of the opening 942 permits the
projection 939 of the module 930 to extend through to permit
the sensor(s) 932 to be in close proximity to the user’s body.

[0179] The band 920 in FIGS. 68-70C utilizes a housing
963 that is formed separately from the band 920 and is con-
nected to the band 920 to form the pocket 940. One embodi-
ment of the housing 963 is shown in FIGS. 74-75 and 78-82.
The housing 963 may be made of a thermoplastic polyure-
thane (TPU) material and is formed in a single piece (e.g., by
injection molding) in one embodiment, but may be partially
or completely made from other materials, multiple pieces,
and/or other techniques in other embodiments. The housing
963 in this embodiment is a moderately rigid shell that com-
pletely defines the cavity 941 and defines the opening 942 on
the inner wall 944 and the window 946 on the outer wall 943.
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In one embodiment, the rigidity of the housing 963 may be
sufficiently rigid to protect the module 930, and sufficiently
flexible to permit manipulation of the button 933 by pressing
on the button portion 947 of the band 920. The rigidity of the
housing 963 may be greater than the rigidity of the fabric
material forming the band 920. The housing 963 may also
have a protrusion 987 on the outer wall 943 in one embodi-
ment, to facilitate manipulation of the button 933 by the
button portion 947 on the outer surface 928 of the band 920
and/or to enhance the “feel” of the button 933, as shown in
FIG. 79. The protrusion 987 may lightly engage the button
933 orbe in close proximity to the button 933, so that manipu-
lation of the button 933 requires a small amount of movement/
flexing of the adjacent portions of the housing 963. The
embodiment of FIG. 79 has the protrusion 987 formed as a
dome-shaped protrusion formed of an epoxy material applied
to the inner surface of the outer wall 943. In other embodi-
ments, the protrusion may be formed differently, such as
being integrally formed (e.g., molded) with the housing 963,
ormay be structured or located differently. As shown in FIGS.
78-82, the housing 963 in the illustrated embodimenthas a lip
964 that extends inwardly around the opening 942 and func-
tions to retain the module 930 within the pocket 940. The
opening 942 has a narrowed portion 965 that is configured to
engage with the projection 939 of the module 930 to hold the
projection 939 in place, and the lip 964 has recessed portions
966 located around the narrowed portion 965, as shown in
FIGS. 78, 80, and 82. The recessed portions 966 permit the
projection 939 to extend farther outwardly relative to the lip
964, in order to have better access to the user’s skin. The
housing 963 also has a wall 969 configured to form a pocket
enclosing and holding the connector(s) 935 of the module
930.

[0180] In one embodiment, the housing 963 further has a
flange 967 that extends outwardly around at least a portion of
the periphery of the housing 963 and is configured for con-
nection to the band 920. In the embodiment shown in FIGS.
74-75 and 78-82, the flange 967 extends generally in a single
plane around the entire periphery of the housing 963. In other
embodiments, the flange 967 may have a different configu-
ration (e.g., intermittent), or may not be present. Generally,
the exterior surfaces of the housing 963 shown in FIGS. 74-75
and 78-82 are smoothly contoured, both for aesthetics and for
increased comfort when the housing 963 engages the user’s
body.

[0181] The window 946 of the housing 963 may be an
empty passage in one embodiment, or may have a transparent
filler in another embodiment, in order to resist ingress of
material from the outer surface 928 ofthe band 920. In further
embodiments, the window 946 may include a light-scattering
and/or light-collecting structure, to enhance transmission of
the light through the window 946, making light from the
display 934 appear brighter at the outer surface 928 of the
band 920 from a wide variety of angles. For example, the
window 946 may include a clear silicon print aligned with the
window 946 in one embodiment. As another example, the
window 946 may have a silkscreen fabric or fine weave of
material aligned with the window 946 in another embodi-
ment. As a further example, the window 946 may have a film
connected over the window 946 in yet another embodiment,
such as a polycarbonate film that is connected by adhesive or
sonic welding. It is understood that these structures may be
located within the window 946 and/or positioned over the
inner and/or outer surfaces of the window 946, in various
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embodiments. This may be particularly advantageous when
used with ahousing 963 as shown in FIGS. 78-82, which may
have a significant wall thickness between the display 934,
which may make the light darker or more difficult to detect
from peripheral angles.

[0182] FIGS. 71-91 illustrate one embodiment of a set of
components and a method for manufacturing the band 920 as
shown in FIGS. 68-70C, which may be made from a piece of
fabric that is folded over onto itself to form two layers and
joined by stitching and/or adhesive applied between the two
layers. It is understood that the band 920 may be made from
two or more separate pieces joined together in another
embodiment. The band 920 may use a heat press operation in
assembly, with heat-activated films bonding the pieces of the
band 920 together. The embodiment of the method shown in
FIGS. 83-91 utilizes more localized heat pressing, and does
notinvolve heat pressing the entire band 920 as in the method
of FIGS. 18-38 and 64-67. FIGS. 71-82 illustrate components
that may be used in the method illustrated in FIGS. 83-91,
which are described in greater detail below with respect to
FIGS. 83-91.

[0183] In the embodiment of FIGS. 71-91, a main body
piece 950 is formed (e.g., cut) from an fabric material with
elastic properties (e.g., a polyethylene-based material), as
shown in FIG. 83, with fold lines indicated by broken lines.
Graphics 958 may be applied to the outer surface 928 of the
band 920, such as by screen printing as shown in FIG. 84, if
desired. The main body piece 950 has a first hole 950A forthe
housing 963 to extend through the band 920 and be accessible
from the inner surface 927 of the band 920 and a second hole
9508 aligned with and/or forming part of the window 946.
The holes 950 A-B may be formed in the main body piece 950
by cutting or laser etching in one embodiment, as shown in
FIG. 85, and may be formed before or after application of the
graphics (if graphics are applied). The central fold line
divides the main body piece 950 into a first or inner portion
950D forming the inner surface 927 of the band 920 and a
second or outer portion 950E forming the outer surface 928 of
the band 920, and the main body piece 950 has an inside
surface 950F and an outside surface 950G (illustrated by
shading in FIGS. 83-91. The outside surface 950G forms the
inner and outer surfaces 927, 928 ofthe band 920 after assem-
bly, and the inside surface 950F is folded over on itself during
manufacturing and forms no portion of the inner and outer
surfaces 927,928 of the band 920. It is understood that graph-
ics 958 that are configured to be visible on the inner or outer
surface 927, 928 of the band 920 may be applied to the outside
surface 950G of the main body piece 950.

[0184] As shown in FIG. 86, an frame bond 980 is applied
around the first hole 950A on the inside surface 950F of the
first portion 950D and is configured for bonding to the flange
967 of the housing 963, and a light alignment bond 981 is
applied around the second hole 950B on the inside surface
950F of the second portion 950F and is configured for bond-
ing to the housing 963 around the window 946. In this con-
figuration, the light alignment bond 981 resists displacement
of the hole 950B with respect to the window 946, which may
cover the window 946 and block light passage. Although the
light alignment bond 981 is shown as being applied in FIG.
86, in one embodiment, the light alignment bond 981 may be
applied at the stage illustrated in FIG. 89, immediately before
folding the inner and outer portions 950D-E together. These
bonds 980, 981 may initially be lightly bonded by slight
application of heat and pressure in one embodiment, to hold
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the components in place during assembly, and then may be
normally bonded later during assembly. A strip 960 of bond-
ing material is also placed across the edge of the inside sur-
face 950F of the outer portion 950E of the main body piece
950, configured to bond the edges of the inner and outer sides
950D-E together after folding, as shown in FIG. 86. Another
bonding strip 968 may also be placed on the inside surface
950F along the central fold line, in order to provide additional
strength and structural support to the bottom end 924 of the
finished band 920, as also shown in FIG. 86.

[0185] Thehousing 963 may then be connected to the band
920, such that the flange 967 sits around the periphery of the
hole 950A and the portion of the housing 963 including the
opening 942 projects through the hole 950 A, as shown in FIG.
87. The flange 967 may be connected to the inside surface
950F of the main body piece 950 by stitching around part or
all of the flange 967 and/or bonding to the frame bond 980 in
one embodiment. As described above, in one embodiment,
the flange 967 may be lightly bonded to the inside surface
950F by the frame bond 980 prior to stitching, and then more
strongly bonded later on during assembly. After the housing
963 is connected to the band 920, a trim piece 983 may be
connected on the outside surface 950G of the inner portion
950D ofthe main body portion 950, as shown in FI1G. 88. This
trim piece 983 forms part of the inner surface 927 of the band
920 and covers the connection between the housing 963 and
the main body portion 950. The trim piece 983 may be formed
of a heat-activated material as described herein and may be
heat pressed into place in one embodiment, and the trim piece
983 may be lightly pressed at first and then more strongly
pressed at a later time, or may be fully pressed initially, in
various embodiments.

[0186] Inoneembodiment, a support piece 982 as shown in
FIG. 73 may also be positioned between the housing 963 and
the inside surface 950F of the outer portion 950F of the main
body piece 950 prior to folding of the main body piece 950.
The method illustrated in FIGS. 83-91 does not include this
support piece 982, and the support piece 982 (if used) may be
connected to the housing 963 and the main body piece 950
between the steps in FIGS. 88 and 89 in one embodiment. The
support piece 982 may be formed of a heat-activated material
as described herein and may be heat pressed into place. The
support piece 982 may have a hole (not shown) cut in align-
ment with the window 946. This support piece 982 may be
included if graphics are printed on or around the areas of the
band 920 located over the pocket 940 and housing 963, e.g.,
as in FIGS. 40A-B, to resist stretching or distortion of the
graphics. If no graphics are printed in this location, the sup-
port piece 982 may not be included.

[0187] FIGS. 97-99 illustrate an embodiment of a housing
963 that is usable in manufacturing a band 920 according to
various embodiments described herein. FIGS. 100-101 illus-
trate another embodiment of a housing 963 that is configured
in asimilar manner to the housing 963 in FIGS. 97-99, and the
descriptions herein with respect to FIGS. 97-99 apply equally
to FIGS. 100-101 unless stated otherwise. The housing 963 in
FIGS. 97-99 includes one or more slots 992 extending
through one or more of the walls 993 of the housing 963. It is
understood that the walls 993 of the housing 963 define the
cavity 941 and may include the outer wall 943, the inner wall
944, and potentially other walls as well.

[0188] Theslots 992 may help avoid accumulation of mois-
ture (e.g., sweat) within the housing 963 during use, by allow-
ing the moisture to escape easily from the housing 963. In one
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embodiment, the housing 963 may include at least one slot
992 that is located at the end of the housing 963 positioned
closest to the bottom end 924 of the band 920, i.e., the end of
the housing 963 that is configured to be at the bottom when
the band 920 is worn on a user’s arm in a normal standing
position. The housing 963 in FIGS. 97-99 has a slot 992 onthe
bottom end of the outer wall 943 in this position, when the
housing 963 is mounted on the band 920 in the orientation
shown in FIGS. 69-70A, 91, and 96. In this position, the
downward-facing slot 992 promotes increased moisture pas-
sage, because gravity tends to force moisture toward the slot
992. Centrifugal force generated by swinging the arm during
exercise may also force moisture toward the downward-fac-
ing slot 992. The housing 963 may also have one or more
additional slots 992 in other locations in various embodi-
ments. For example, the housing 963 may also have slots 992
in one or both of the left and right sides of the inner wall 944,
as in the embodiment of FIGS. 97-99. These side slots 992
may also promote increased moisture passage through grav-
ity and/or centrifugal force, as one of these slots 992 will be
downward-facing when the user’s arm is bent at a 90° angle,
as is common during running and many other exercises.

[0189] Thehousing 992 may have additional slots 992 and/
or slots 992 located in different positions in other embodi-
ments, which may or may not be positioned in locations
where gravity and/or centrifugal force promote flow of mois-
ture. For example, if the housing 963 is positioned in a dif-
ferent orientation in another embodiment, e.g., oriented simi-
larly to the embodiment in FIG. 39A, then the end of the
housing 963 that is downward-facing may be different. In
such an embodiment, the slot(s) 992 may be located differ-
ently, in order to promote increased moisture passage, €.g., by
having a slot 992 at the opposite end of the housing 963 as the
end slot 992 in FIGS. 97-99. In a further embodiment, the
housing 963 may have slots 992 located at the bottom-left and
bottom-right corners. Still further configurations may be used
in other embodiments.

[0190] Theslots 992 in the embodiment of FIGS. 97-99 are
formed in the outer wall 943 of the housing 963. These slots
992 may be considered to be formed at least partially or
entirely in side walls 993 A of the housing 963 that form part
of the outer wall 943 and extend transversely to the flange
967. In this position, the slots 992 are positioned only on the
portions of the housing 963 that are located outwardly (to-
ward the outer side 928 of the band 920) from the flange 967.
This configuration permits moisture to pass from inside the
housing 963 to the exterior of the housing and to be absorbed
by the material of the band 920. In other embodiments, the
slots 992 may additionally or alternately be located else-
where. For example, the housing 963 may include one or
more slots 992 in the inner wall 944 that allow moisture to
pass to the exterior the band 920, or the housing 963 may have
other exposed surfaces (such as in a differently-configured
band 920) that may have slots 992 therein. Additionally, the
size(s) of the slot(s) 992 may affect the moisture passage
properties, as larger slots 992 can assist in breaking any
meniscus that may form from moisture accumulation. In one
embodiment, the slot 992 at the end of the housing 963 may be
at least 50% of the width of the wall 993 in which it is located
(i.e., not including the flange 967), and the slot(s) 992 on the
side walls 993 of the housing 963 may each be at least 20% of
the length of the side wall 993 in which it is located. Further,
the housing 963 may have a surfactant applied to the inner
surfaces of the housing 963, in order to enhance the ability of
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moisture to travel toward the holes and break up any meniscus
that may form. The use of a surfactant may enable the use of
smaller slots 992.

[0191] The slots 992 may be formed using any of a number
of different forming techniques, in various embodiments. For
example, in one embodiment, the slot(s) 992 may be formed
in the housing 963 after the housing is formed, such as by
using laser cutting, mechanical cutting, thermal cutting, or
other cutting techniques; machining techniques; or other
material removal techniques. In another embodiment, the
slot(s) 992 may be formed as part of the forming process, such
as by pressing or molding the material of the housing 963 with
a tool configured to form the slot(s) 992. For example, a
single-piece, injection molded TPU housing 963 as described
above may be injection molded into a cavity that forms the
slot(s) 992. Other techniques known in the art may be used as
well.

[0192] FIGS. 94-95 illustrate one embodiment of a heat
press assembly 988 configured for heat pressing around the
flange 967 of the housing 963 after the housing 963 is con-
nected to the band 920, e.g., by stitching, as described herein
with respect to FIG. 87. The heat press assembly 988 as
shown in FIGS. 94-95 includes two opposed mold pieces 989,
990 that are configured for heat pressing around the flange
967 of the housing 963. The band 920 is illustrated schemati-
cally in FIG. 95, to show that the heat press assembly 988 is
configured for heat pressing the band 920 along with the
housing 963. In operation, the first mold piece 989 is posi-
tioned on the inside surface 950F of the inner portion 950D of
the main body piece 950, and the second mold piece 989 is
positioned on the outside surface 950G of the inner portion
950D of the main body piece 950. The mold pieces 989, 990
are annular in shape, each having an internal opening 991, so
that the mold pieces 989, 990 are configured to press only
around the flange 967 of the housing 963. In this configura-
tion, the main body of the housing 963 is received within the
opening 991, so that the mold pieces 989, 990 do not press the
main body of the housing 963 or the adjacent portions of the
band 920, which localizes the heat application and avoids
creating unwanted marks or discolorations on the non-
pressed portions of the band 920 and housing 963. The trim
piece 983 shown in FIG. 88 may be applied prior to operation
of the heat press assembly 988 in one embodiment, and the
shapes of the mold pieces 988, 989 conform to the shape of
the trim piece 983 as shown. The heat press assembly 988
may be applied to the band 920 and housing 963 following the
assembly steps shown in FIGS. 87 and 88, and before the
band 920 is folded over in FIG. 89 (discussed below). Addi-
tional pieces of heat-sealable material may be used in various
positions, in connection with the heat press assembly 988. For
example, the support piece 982 in F1G. 73 may also be applied
before operation of the heat press assembly 988, as discussed
herein. It is understood that the configuration of the mold
pieces 988, 989 may vary depending on the shapes and con-
figurations of the housing 963 and the trim piece 983 (or other
pieces of heat sealable material that may be used).

[0193] The main body piece 950 is then folded over so that
the inner and outer portions 950D-E confront each other, as
shown in FIG. 89. The outside surface 950G of the inner and
outer portions 950D-E forms the inner and outer surfaces 927,
928 of the band 920, respectively, and the inside surface 950F
is located internally within the band 920 in this configuration.
A seam bonding strip 961 is placed along the edge where the
folded ends of the inner and outer portions 950D-E meet, in
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order to cover the edges, as shown in FIG. 90. In one embodi-
ment, the strips 960, 961, 968, frame bond 980, the trim piece
983, the light alignment bond 981, and optionally the support
piece 982 (if present) may be bonded completely at this point
in the process, such as by localized bonding techniques. For
example, the bonding may be accomplished by bonding each
piece individually and sequentially, or by a heat press with
tool surfaces configured to press the desired pieces at the
desired locations and not to press other locations of the band
920. The main body portion 950 may be cut to size at this
point in the process, such as by cutting the ends 950 of the
main body piece 950 to form angled edges, as seenin FIG. 91.
A band closure trim strip 962 may be used to bond the ends of
the main body piece 950 together to form the tubular body
921, as shown in FIG. 91. In one embodiment, the ends of the
main body piece 950 are first wrapped to form the tubular
body 921 and then stitched together along the seam, then the
band closure trim strip 962 is applied to cover the stitching
and secure the connection. The band closure trim strip 962
wraps around both the inner and outer surfaces 927, 928 of the
band 920 when assembled, and one embodiment of the band
closure strip can be seen in greater detail in FIG. 70C. In one
embodiment, the closure trim strip 962 is locally heat pressed
subsequent to the additional heat pressing operation
described above. After stitching and connection of the trim
strip 962, the final structure of the band 920 is formed, with
the pocket 940 defined on the inner surface 927.

[0194] The band 920 may further be provided with an
adjustment mechanism in one embodiment, to make the size
(i.e., circumference) of the tubular body 921 adjustable.
Examples of such adjustment mechanisms may include an
adjustable fastening structure such that the band 920 can be
wrapped around a portion of the user’s body and fastened to
form the tubular shape, or a foldable tab or flap that may be
fastened in different positions to tighten or loosen the band
920. Fastening structures that may be used for such an adjust-
ment mechanism include hook and loop (i.e., Velcro), snaps,
clips, buckles, ties, etc. Other examples of such adjustment
mechanisms include tightening strips or straps or a draw-
string, which may be fastened as described above. Further
examples of adjustment mechanisms may be used in other
embodiments. FIGS. 92-93 illustrate example embodiments
of structures that may be used for such adjustment mecha-
nisms. For example, FIG. 92 illustrates a band 920 with an
elastic tab 984 that is fixed proximate the edge of the band 920
at one end and has a releasable connector 985 (Velcro in this
embodiment) at the opposite end. The elastic tab 984 can be
stretched and reconnected to increase compression locally,
thereby making the band 920 fit tighter on the user’s body.
The tab 984 is connected at the top end 923 of the band 920 in
this embodiment, but could be located elsewhere in other
embodiments. As another example, FIG. 93 illustrates a band
920 with an elastic cord or drawstring 986 that extends along
most of the length of the band 920, with one end fixed near
oneedge ofthe band 920 and the other end having a releasable
connector 985 (Velcro in this embodiment) near the opposite
edge ofthe band 920. The cord 986 is connected at the top end
923 of the band 920 in this embodiment, but could be located
elsewhere in other embodiments. The cord 986 can be
stretched and reconnected to increase compression along
almost the entire length of the top end 923 of the band 920.
Further different embodiments of adjustment mechanisms
may be used in other embodiments.
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[0195] FIG. 41 shows perspective side views of a module
930 that may be used in association with apparel or other
devices, such as being insertable within an armband that may
be used during intense physical activity. Module 930 may
include one or more mechanical, electric, and/or electro-
mechanical components, such as computer components, that
are described elsewhere herein, as well as a casing 931 form-
ing a structural configuration for the module 930. Module 930
may comprise at least one of a processor, a non-transitory
computer-readable medium, sensor and/or a transceiver. One
or more components may be similar to and/or identical to any
component shown and described above in FIGS. 1-5. Those
skilled in the art will appreciate that module 930 and the
casing 931 may have multiple different structural configura-
tions and the illustrations are merely exemplary.

[0196] Intheembodiment of FIG. 41, the module 930has at
least one sensor 932, which may be in the form of, for
example, a heart rate sensor or other sensor for sensing
another physiological parameter of the user. Module 930 may
be configured to contact the skin of the user during wear while
the module 930 is secured within the band or apparatus. For
example, the heart rate sensor 932 in this illustrated embodi-
ment is an optical sensor that works best in contact or close
proximity with the skin. As shown in FIG. 41, the casing 931
of module 930 has a projection 939 on the underside 936, and
the sensor 932 is mounted on the end of the projection 939.
The projection 939 extends the sensor 932 farther away from
the surrounding surfaces of the casing 931, permitting greater
capability for forming continuous contact with the user’s
body. Band 920 may have an aperture that allows a front
surface of the protrusion to contact the user’s skin, however,
the remainder of underside 938 is held within the band 920 or
at least is separated from the user’s skin by at least one layer
of amaterial. In one embodiment, the layer of material may be
configured to wick away moisture (e.g., such as sweat) away
from the sensing surface on the user’s skin. In other embodi-
ments, it may be configured to prevent moisture, light, and/or
physical materials from contacting the sensing surface or
location during the physical activity. In one embodiment, it
may selectively block light of certain wavelengths. In certain
embodiments, at least 95% of ambient light is blocked within
the immediate vicinity of the sensing surface. In another
embodiment, at least 99% of the ambient light is blocked.
This may be advantageous for optical sensors, such as optical
heart rate sensors. Those skilled in the art will appreciate that
other sensors, including those sensors described above in
relation to FIGS. 1-5, may be used—either alone in combi-
nation with each other or other sensors—without departing
from the scope of this disclosure.

[0197] In one general embodiment, the module 930 may
include one or more user input interfaces, such as for
example, buttons 933 to provide user-actuated input. An
example user input interface may consist of single mechani-
cal button, e.g., button 933, which is shown on the top side
937 opposite the underside 936. Yet in other embodiments,
display feature 934 may be configured as a user-input inter-
face. Those skilled in the art will appreciate that one or more
user-actuated inputs may also be received through one or
more transceivers of the module 930. For example, a system
may be configured such that a user may be able to enter a user
input onto an electronic mobile device which may mimic
using buttons 933 or, alternatively, perform different func-
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tions than available in a specific instance of actuating buttons
933. Module 933 may further comprise one or more display
features 934.

[0198] In one embodiment, the pocket 940 of the band or
apparatus may be configured to receive module 930 having a
display feature 934 on surface that provides at least one visual
indicia to a user. Display features 934 may be a simple light
source, such as a light emitting diode. In a specific embodi-
ment, the color, intensity, or pattern of illumination of at least
one light source in display features may be used to provide a
visual indication to the user. Those skilled in the art will
further appreciate that more complex display devices, such as
LED, OLED, LCD, etc. may be utilized. Other output mecha-
nisms, such as audible and tactile are within the scope of this
disclosure.

[0199] Module 930 may further include one or more con-
nectors 935 for charging and/or connection to an external
device. In one embodiment, connectors 935 may include a
serial bus connection, such as that may comply with one or
more Universal Serial Bus (USB) standards. In one embodi-
ment, connectors 935 may be configured to provide at least of
the same electronic information to an external device that
may be transmitted via one or more transceivers of the mod-
ule 930.

[0200] When the module 930 in the embodiment of F1G. 41
is received within the pocket 940 illustrated in FIGS. 11-12
and 36-39B, connector 935 is received within the shell 948,
the underside 936 of the casing 931 is positioned in contact
with the inner wall 944 of the pocket 940, and the top side 937
of the casing 931 is positioned in contact with the outer wall
943 of the pocket 940. In this arrangement, the projection 939
extends through the sensor opening 945 to place the sensor
932 in closer proximity with the user’s body, the button 933 is
positioned adjacent the button portion 947 on the outer wall
943, and the light 934 is positioned in alignment with the
window 946 to permit viewing of the light 934 through the
outer wall 943. The projection 939 extending through the
sensor opening 945 and also in certain embodiments may
assist in holding the module 930 in place. In this configuration
the end of the module 930 opposite the connector 935 pro-
trudes slightly from the access opening 942, in order to facili-
tate gripping for removal of the module 930.

[0201] The casing 931 may have a structural configuration
to increase comfort of wearing the module 930 in close prox-
imity to the user’s skin. For example, the casing 931 has a flat
configuration to create a thin profile, making the module 930
less noticeable when being worn on the user’s body. As
another example, the casing 931 may have curved contours on
the underside 936 and the top side 937, as well as curved or
beveled edges, in order to enhance comfort.

[0202] FIGS. 42-59 illustrate several additional embodi-
ments of various modules 930 with casings 931 that are
differently configured. For example, FIG. 42 illustrates a
module 930 with a flat-ended casing 931 and a button 933 that
has a display feature (e.g., light source) 934 thereon. FIG. 43
illustrate a module 930 with a light 934 near the end opposite
the connector 935, a single button 933, and no projection at
the sensor 932. FIG. 44 illustrates a module 930 similar to that
of FIG. 43, except with a light 934 surrounding the button
933. FIG. 45 illustrates a module 930 with a lighted button
933, 934 located on the end opposite the connector 935, rather
than on the top side 937. FIGS. 46-59 illustrate various dif-
ferent embodiments having examples of projections 939 that
are shaped, sized, and configured in many different ways.
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FIG. 57 illustrates a module 930 where the button 933 is
recessed from the top side 937. Still further examples of
modules with different configurations and arrangements of
features are contemplated.

[0203] FIGS. 60-63 illustrate an additional embodiment of
a module 930 with a casing 931 that has a projection 939 on
the underside 936, with a sensor (e.g., a heart rate sensor)
mounted on the end of the projection 939, similar to the
embodiment of FIG. 41. The module 930 includes one or
more user input interfaces, such as abutton 933 on the top side
937, as seen in FIG. 60. The casing 931 of the module 930 in
the embodiment of FIGS. 60-63 has curved or beveled edges,
in order to enhance comfort. In another embodiment, as
shown in FIG. 63, the module 930 may also include a retain-
ing structure 935A on the underside of the USB connector
935. This retaining structure 935A may assist in retaining the
connector 935 within the pocket 948, e.g., by engaging the
shell 948. It is understood that this module 930 may be uti-
lized as described herein, and may have additional or alternate
features as described herein. The housing 963 of the band 920
as illustrated in FIGS. 68-70 and 78-82 is configured to fit the
module 930 illustrated in FIGS. 60-63.

[0204] In certain embodiments, computer-executable
instructions may be used to calibrate a device or system, such
as to account for the location, orientation, or configuration of
a sensor or group of sensors. As one example, module 930
may include a heart rate sensor. The heart rate sensor may be
configured such that when correctly orientated on or in the
band, the heart rate sensor is located or oriented a certain way
with respect to the user. For example, if the heart rate sensor
is an optical heart rate sensor, it may be within a distance
range to the skin (with respect to multiple axes and location).
Further, one or more sensors may be configured such that
when correctly oriented within the band (e.g., placed within
the pocket, a contact of a sensor is configured to be in com-
munication with the user (e.g., their skin or alternatively their
clothing). Too much variance with respect to the orientation
or location of the sensor may result in inaccurate and/or
imprecise data. In certain embodiments, one or more sensor
measurements, either raw or calculated, may be utilized to
determine a proper or preferred orientation(s) or location(s)
of the sensor(s).

[0205] The measurements may be based on one or more
remote or local sensors on the device to be oriented, such as
module 930. For example, in certain embodiments, a user’s
Body Mass Index (BMI) or another parameter may be calcu-
lated. The calculation may be based, at least in part, on one or
more sensors located on the device to be oriented. Based upon
the sensor measurement(s), a UL, which may be on the device
itself, a remote device, and/or a device in electronic commu-
nication with the device to be oriented (or re-oriented) may
prompt and/or guide a user to re-orient the device. In other
embodiments, it may provide a user input device to provide
user inputs for orientation. For example, unlike prior art
devices which may merely detect a weak or imprecise value
and recommend or request the orientation of the sensor or
device, embodiments disclosed herein may use data to intel-
ligently determine the problem and/or solution. In one
embodiment, a user’s BMI or other data may be used to
determine that the user should wear the device at another
location and/or alter its orientation. For example, if a user’s
BMI is within the normal range (e.g., commonly accepted as
20-25), however, heart rate data is utilized in the calculation
of a parameter that is below a threshold, then in certain
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embodiments, additional analysis may be performed to con-
sider whether the heart rate sensor should be adjusted. As
explained in more detail below, further embodiments relate to
augmenting one or more calculations of parameters used in
the calculations.

[0206] Systems and methods may be implemented to
reduce inaccuracies and/or imprecise data collection. In one
embodiment, the band may be configured to be worn within a
range of locations, such as on a user’s appendage or extrem-
ity. With respect to a “lower arm” usage example, the lower
arm may be considered the distance between an elbow joint
and the carpus of an arm or appendage, and may further be
logically divided into a proximate region and a distal region.
For example, the proximate region of the lower arm would
include a portion (e.g., up to half) of the lower arm closest to
the user’s shoulder; and likewise, a distal region would
include a portion (e.g., up to the remaining half) of the lower
arm connecting to the carpus. In this regard, the band 920 may
be configured to be worn in the proximate region of the lower
arm. In one embodiment, the entire band is configured to be
retained within a proximate half of the lower arm. In one
embodiment, the band is configured to be retained at a spe-
cific location during athletic activities, such as with respect to
the distance of the lower (or upper arm), a sensor measure-
ment location is configured to move less than 1% or 0.5% of
the distance along the lower arm. In yet other embodiments,
the band may be configured to move within a specific distance
with respect to the distance along the lower arm, however, at
least one sensor (such as a sensor of the module 930) may be
configured to move a smaller distance. For example, in one
embodiment, the band 920 may be configured to permit
movement of about 1 mm along the length of the lower arm,
however, the module, or a sensing surface of the module, may
be configured to only permit 0.55 mm movement along the
same axis. As discussed above, one or more measurements
may dictate altering this range, the distance from the sensor to
the skin, as well as other locational dimensions and/or orien-
tations. In one embodiment, the band 920 is configured to
retain a sensing surface (or sensing location) of the module at
least a predefined distance from the carpus. This may be due
to the mechanical properties of the band 920, the module 930,
and/or as a result of a sensor providing an indication of an
incorrect and/or correct usage of the band 920 and/or module
930. In yet another embodiment, the sensing surface is at least
located 20% of the distance away from the carpus. In another
embodiment, the band may be configured to retain a sensing
surface of the band at least a predefined distance of the dis-
tance from the elbow joint (or equivalent).

[0207] In one embodiment, one or more sensors of the
module (alone and/or with other external sensors) may be
utilized to detect the location of the module 930, a sensing
surface of the module, a sensing location, and/or the band
920. This may be done directly or indirectly. In certain
embodiments, one or more non-transitory computer-readable
mediums may comprise computer-executable instructions,
then when executed by a processor cause the processor to at
least conduct a location calibration routine. The computer-
readable medium(s) may be located entirely on the module,
an external electronic device, such as a mobile or cellular
device, and/or combinations thereof. One or more calibration
routines may be automatically initiated, such as by being
triggered by sensing one or more criteria (e.g. with a sensor of
the module) or through a manual initiation, such as by a user
initiating the routine.
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[0208] Movements during the athletic activity will natu-
rally cause physical movements of anatomical structures,
including joints and flexing muscles. As one example, flexing
muscles may cause relative and absolute changes in locations
and orientation of sensor sensing surfaces and/or sensing
locations. As discussed herein, having the band, sensing sur-
faces, and/or sensing locations located in positions to reduce
or eliminate flexure-causing inaccuracies will improve the
utility of such sensing systems when compared with prior-art
systems. For example, the device (or location(s)) may be
positioned to reduce or eliminate forearm tension in one
embodiment. In another embodiment, systems and methods
may be implemented to identify the extent of actual and/or
anticipated flexure or anatomical movement. In further
embodiments, one or more calibration or correction factors
may be applied to sensor readings based upon flexure or other
anatomical movements. In one embodiment, only flexure of
one muscle or group of muscles may be considered. This may
be the case even when other muscles’ flexure is present.

[0209] FIG. 6 shows a chart comparing different exercises
to the mean of a heart rate sensor’s output based upon differ-
ent movements. Specifically, looking to FIG. 6, the Y-axis
comprises a plurality of different exercises. The exercises are
categorized into three sections, which are indicated by the
numeral 1, 2, or 3 preceding each description. The numerals
are merely used to distinguish different groups and has no
other significance to FIG. 6 for purposes of this disclosure. By
distinguishing the exercises, a “Fullbout Set” exercise could
be provided which includes each exercise in the categories (1,
2, and 3). The X-axis of the chart shown in FIG. 6 shows the
confidence interval for the mean heart rate measurement. As
seen in FIG. 6, exercises generally known to cause tension in
the forearm muscles scored lower than other exercises that
cause lesser tension in the same muscles. For examples,
“CnlJ”, “Thruster”, and Row” all require a greater tension in
forearm muscles when compared to “BoxJumps”.

[0210] Certain embodiments, therefore, may be used to
detect movements and/or account for some movements. In
further embodiments, a calibration may be performed before
a specific type of athletic activity to ensure variations are
within a specified range. The range may be determined by
demographic information, the type of activity to be per-
formed, known correction factors or limitations, among oth-
ers or combinations thereof. In one embodiment, a user may
be prompted to perform a movement to trigger a known
tension (or range of tension) within a specific muscle or group
of muscles. In one embodiment, systems and methods may be
implemented to cause a user to flex a certain muscle or group
of muscles. For example, a user may be prompted to perform
aspecific athletic activity or group of activities, including one
or more activities shown i FIG. 6. In one embodiment,
sensor readings may be used to determine an individual’s flex,
which may be influenced by a user’s anatomical and/or physi-
ological characteristics. In one embodiment, a computer-
readable medium may comprise computer-executable
instructions that when processed by a processor, may com-
bine the outcome of the sensor readings during calibration
with other factors, which also may be stored entirely or partly
on the module 930. Examples include demographic informa-
tion, such as a user’s sex, weight, age, and/or other attributes.
[0211] In further embodiments, other attributes such as a
user’s BMI and/or other demographic, physiological, bio-
logical, and/or anatomical parameters may be utilized in
accordance with certain embodiments to augment processing
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of sensor data, such as for example an optical heart rate sensor
Optical properties of light utilized in optical heart rate mea-
surements, including the light’s transmittance, reflectance,
backscatter, and/or other properties, alone, in combination,
and/or synergistically may be influenced by a user’s build,
such as muscle mass, lipids making up adipose tissue, water,
electrolyte levels, and/or other content or properties of such
contents. As discussed below, locational distribution of such
contents may play a role. Aspects of this disclosure relate to
systems that may receive an indication of an athletic param-
eter, e.g., BMI, adipose tissue presence (either proximate or
within the range of the optical light waves being transmitted
or received by the measurements, or alternatively systemic or
regionally, such as along the forearm, back arm, waist, but-
tocks, etc.), and/or hydration levels, and adjust one or more
aspects relating to heart rate measurements, such as, but not
limited to: (1) changing or augmenting an algorithm or pro-
cess used to obtain the measurements, such as for example,
the weights assigned to the measurements of heart rate mea-
surements or using a different wavelength and/or frequency
of measurements; (2) determining whether to use or not use
heart rate (or data from a specific sensor) as a measurement;
(3) adjusting how heart rate may be calculated (e.g., from a
different sensor or collection of sensors) including automati-
cally altering the locational properties of the sensor or
prompting the relocation of the sensor, and/or (4) re-interpret-
ing heart rate measurements from one or more processes,
which may collectively or individually be referred to as
adjusting or augmenting a heart rate measurement protocol.

[0212] As oneillustrative example, F1G. 7 shows flowchart
700 that may be implemented to augment one or more pro-
cesses. As shown in flowchart 700, an athletic parameter (e.g.,
such as BMI) may be obtained or determined, such as by a
processor located on module 930 (e.g., block 702). The
parameter may be a single parameter from a single sensor or
a plurality of parameters from one or more sensors. In further
embodiments, a single parameter may be calculated or deter-
mined from several sub-parameters. In certain embodiments,
the parameter may be predetermined, such as the user’s gen-
der, weight, and/or height. However, weight or other param-
eters that may be predetermined in previous calculations may
be confirmed or refreshed using sensor data. In an example
embodiment measuring BMI, the most-widely accepted cal-
culation is to divide body weight (kg) by height® (m?), thus
BMI=weight/height*. The parameter(s) of block 702 may be
utilized as a threshold level (e.g., decision 704). If criteria is
met, e.g., threshold or range rules are within operational
criteria, then a default heart rate measurement protocol may
be enacted (e.g., block 706). The protocol may be a specific
algorithm and/or use specific wavelengths of light and/or
light intensity to obtain readings. In certain embodiments,
values exceeding (or not meeting) a threshold value or not
within a range of values may cause a processor to execute a
secondary heart rate measurement protocol (e.g., block 708),
which may for example prompt a different algorithm to be
implemented or another process to be augmented, such as for
example, weights or confidences assigned to heart rate mea-
surements, the utilization of heart rate as a measurement,
adjusting how heart rate may be calculated, and/or interpret-
ing heart rate measurements from one or more processes, as
well as any other alteration of a heart rate measurement pro-
tocol provide herein. Using BMI as an example parameter, a
BMI value of about 25 (which is commonly accepted as the
dividing line between “normal” and “overweight”) may be a
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threshold, in yet another embodiment, a BMI of about 20
(which is commonly accepted as the dividing line between
“underweight” and “normal””) may be utilized. Those skilled
in the art will appreciate that multiple thresholds or ranges
may be used, which may be higher, lower, and/or in-between
these values. Generally, as described above, a user’s BMI is
calculated by dividing the body weight (kg) by height® (m?),
thus BMI=weight/height*. Given its inputs, BMI values may
be artificially inflated or deflated based on an individual’s
specific build or other factors, some of which are described
herein. In certain embodiments, other criteria may be utilized
to weight or augment a BMI score. In further embodiments,
other criteria may be used independently of BMI. BMI may
not be used in certain embodiments, and a different metric
may potentially be used in its place.

[0213] In this regard, the inventors have determined that
individuals with lean body structures may be more suscep-
tible to imprecise and/or inaccurate heart rate readings from
optical heart rate monitors, even when blocking ambient light
and controlling for other variables. For example, as shown in
FIGS. 8-10, chart 800 shows an example parameter (e.g.,
BMI) along the x-axis (element 802) plotted against a perfor-
mance score (e.g., a bout score) that may be calculated by a
processor, based at least in part on heart rate measurements
using an optical heart rate sensor, plotted along the y-axis
(element 804). Looking first to FIG. 8, line 806, the correla-
tion of the BMI parameter to the bout score, may be expressed
as a best fit using the following: Bout Score=1.6327 BMI+
24.811. In this specific embodiment, line 806 exhibits an R*
value=0.0609. Looking to chart 800 of FIG. 8, performance
scores among individuals with lower BMI scores show more
variance than the individuals with higher BMI scores. Fur-
ther, each performance score below 40 (with respect to y-axis
804) was collected from an individual having a BMI<25.
FIGS. 9 and 10 show sub-populations of the data presented in
FIG. 8, specifically, in the illustrative example, FIG. 9 shows
the respective data points obtained from male individuals and
FIG. 10 shows respective data points obtained from female
individuals. As shown in FIG, 9, line 808, a correlation of the
BMI parameter to the performance score (e.g., bout score)
may be expressed as a best fit using Bout Score=4.1962
BMI-42.305. In this specific embodiment, R* may be
=0.3001. As shown in FIG. 10, line 810, a correlation of the
BMI parameter to the example performance score (e.g., bout
score) may be expressed as a best fit using Bout Score=-0.
4258x+83.772. In this specific embodiment R* may be
=0.0098. Gender differences exist with respect to adipose
tissue and the storage of lipids, including locational distribu-
tion, quantity, and other variables. Therefore, in one embodi-
ment, block 702 may determine gender, age, or other param-
eters (alone or in combination) to determine to implement a
first algorithm may be utilized to measure heart rate from
user’s with a BMI (and/or other parameters) below a thresh-
old and a second algorithm may be used to measure heart rate
from users above and/or meeting the threshold (e.g., blocks
706 and 708). A plurality of thresholds may be used.

[0214] In certain embodiments, decision 710 may be
implemented after block 702 to determine if a second param-
eter is out of range or violating a threshold. The second
parameter may be any parameter, including those discussed
herein, including a derivation of the first parameter. If there is
not a threshold violation and/or criteria is being met, the
current in-place heart rate measurement protocol may be left
intact (e.g. block 712). Alternatively, if decision 710 is in the
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negative, certain embodiments may modify one or more
aspects of the current protocol (e.g., block 714). For example,
adifferent optical wavelength may be used to detect heart rate
on one or more individuals meeting one or more critetia, such
as any discussed herein or known in the art. In yet further
embodiments, a scalar may be applied to heart rate measure-
ments obtained from those individuals meeting one or more
criteria. Environmental cues and data, such as from light
sensors, temperature sensors, and the like may further provide
immediate and/or long term sensor data that may provide
insights to the user’s adipose tissue, muscle mass, etc. Fur-
ther, in certain embodiments, distance between the sensor and
the user’s skin may be adjusted automatically or requested to
be done manually based upon altering a protocol.

[0215] Inyet another embodiment, one or more correction
factors and/or calibration values may be altered or created
based upon detecting the athletic activity a user is performing.
The detection may be based, partly or wholly on sensor read-
ings from the module 930. In one embodiment, external data
may be received and utilized, such as for example from a
user’s electronic mobile device and/or another fitness device.
In one embodiment, data from a user’s schedule, past athletic
data, friend’s data, historical analysis, manual user input,
locational data, and/or combinations thereof and others may
be used to determine an athletic activity. In one embodiment,
for example, it may be determined that a user is performing or
is likely to perform an athletic activity that is associated with
more elevated flexion values, and therefore, one or more
instructions may be executed, such as confirming the band
930, module 940, and/or another apparatus is within a certain
location or within an operational state, such as but not includ-
ing adjusting one or more sensing parameters. In yet another
embodiment, the user may be required to conduct one or more
different movements or activities to recalibrate the band 920.
In further embodiments, the user may be prompted to locate
the band 920 or module 930 at a specific location. In still
further embodiments, the user may be prompted to use a
specific module. For example, replaceable modules may be
interchanged for increased sensitivity, different sensing char-
acteristics, and/or comfort based upon different factors for
different activities (and/or user preference).

[0216] Invarious embodiments, the user may get feedback
to reposition the module 930, band 920 and/or to conduct one
or more analytics. Further, the system may provide feedback
to indicate ranges or percentages of the user, such as to let the
user decide whether the ranges/percentages are acceptable or
rather to reposition or switch out components of the system.

Additional Hardware

[0217] FIGS. 102-111 illustrate embodiments for use with
aband 920 that includes some or all ofthe features of the band
920 illustrated in FIGS. 68-70C, and may be manufactured in
a manner similar to the method illustrated in FIGS. 71-91.
Thus, the features and manufacturing techniques of the band
920 of FIGS. 102-111 that are similar to those already
described will not necessarily be described again for the sake
of brevity. Similar components described already may be
referred to using similar reference numbers.

[0218] Inthe embodiments of FIGS. 102-111, the band 920
includes a input device 1000 connected to the housing 963
and/or otherwise received within the pocket 940 and config-
ured for connection to the module 930 when the module 930
is received within the pocket 940. The input device 1000 has
one or more buttons 1001 thereon that are accessible from the
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outer surface 928 of the band 920, such as through the outer
wall 943 of the band 920. The input device 1000 is configured
for communication with an external device 1002, as shown in
FIG. 111, and may have any of the components of the com-
puter device 200 described above. In one embodiment, the
input device 1000 includes a wireless transmitter 1003 (which
may be part of a transceiver) configured for communication
with the external device 1002, a port 1004 for connection to
the connector 935 of the module 930, and potentially a small
memory and/or processor for operation of the button(s) 1001,
transmitter 1003, and port 1004. In one embodiment, the
input device 1000 may include no internal operating system
or significant software, and the input device 1000 may be
configured to simply transmit a signal that the button 1001
was pressed, along with the sequence and/or length of the
button press(es) 1001.

[0219] Thebutton(s) 1001 of the input device 1000 may be
one of a number of different types, including a tactile/me-
chanical button, a touchscreen, a heat-sensitive button, or
other device capable of registering a touch by the user. It is
understood that some types of buttons 1001 may require a
window or other passage through the outer wall 943 of the
band 920 for operation. In the embodiments of FIGS. 102-
111, the input device 1000 includes tactile buttons 1001. The
input device 1000 may include one or more additional buttons
1001, as illustrated in FIGS. 102-110 and described below.
For example, each of the embodiments in FIGS. 102-109 has
amain button 1001A and an optional additional volume con-
trol button 1001B. Various techniques and methods of opera-
tion of the button(s) 1001 are also described below. The band
920 may also have indicia 1008 on the outer surface 928 to
inform the user where to press to activate the button(s) 1001,
as shown in FIG. 109.

[0220] The transmitter 1003, which may be part of a trans-
ceiver as stated above, is configured for wireless communi-
cation with one or more external devices 1002, as illustrated
in FIG. 111. It is understood that any of the embodiments of
FIGS. 102-111 may have such a transmitter 1003. In one
embodiment, the transmitter 1003 may be a Bluetooth or
Bluetooth Low Energy (BTLE) transmitter. In other embodi-
ments, the transmitter 1003 may use different transmissions,
frequencies, protocols, etc., such as a Wi-Fi transmitter.
[0221] The port 1004 may include any connecting struc-
ture, and the configuration of the port 1004 may depend on the
configuration of the module 930 to which it is connected. In
the embodiment of FIGS. 102-111, the port 1004 is a USB or
USB-compatible port configured to connect with the USB
connector 935 on the module 930 of FIGS. 60-63. It is under-
stood that the port 1004 may not include all of the hardware of
atypical USB port in one embodiment, as the port 1004 may
be configured only to draw power from the module 930 for
operation of the input device 1000, and not to exchange data
with the module 930. In another embodiment, the input
device 1000 may be configured to operate as a wireless com-
munications interface between the module 930 and the exter-
nal device 1002, e.g., by receiving and/or transmitting data
from/to the module 930 through the port 1004 and receiving
and/or transmitting data from/to the external device 1002
through the transmitter 1003.

[0222] The input device 1000 may further include haptic
feedback features, such as a vibration motor or other haptic
feedback mechanism 1009 (shown schematically in FIG.
106), to communicate various signals (e.g., alerts) to the user.
The input device 1000 may be configured for providing dif-
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ferent types of haptic feedbacks, such as a steady vibration,
pulsed vibration, etc. The input device 1000 may receive
signals from the external device 1002 to generate specific
haptic feedback. In one embodiment, the resolution of when
to generate haptic feedback and which haptic feedback to
generate is performed by the external device 1002, such that
the input device needs only to receive the signal and generate
the haptic feedback. The external device 1002 may utilize
user settings for providing specific haptic feedback in the
event of a specific occurrence, e.g., an incoming phone call,
an emergency alert, an activity milestone reached, or other
event. Haptic feedback may be used in connection with the
various applications and functions described below.

[0223] The input device 1000 may be positioned within the
pocket 940 and/or the housing 963, may be positioned adja-
cent the pocket 940 and/or the housing 963, may form a part
of the pocket 940 and/or the housing 963, or may be a separate
element connected to the module 930, in various embodi-
ments. In the embodiment of FIGS. 102-103, the input device
1000 is a separate device that is permanently or removably
connected within the housing 963. The input device 1000 in
this embodiment is in the form of a casing positioned within
the end of the housing 963, proximate the narrowed portion
965 of the opening 942 (i.e., where the connector 935 of the
module 930 is received), with the port 1004 having an open-
ing facing into the pocket 940 defined by the housing 963. In
this position, the module 930 can be inserted into the housing
963 so that the connector 935 is received within the port 1004,
as shown schematically in FIG. 106. The input device 1000
may be permanently connected within the housing 963, such
as by adhesive or other bonding technique, fasteners, integral
forming, or other techniques, in one embodiment. The input
device 1000 may be removably connected within the housing
963 in another embodiment. Such a removable input device
1000 may be removed from the housing for connection or
disconnection with the module 930, as shown in FIGS. 107-
110 and described below. Alternately, such a removable input
device 1000 may be retained within the housing 963 as the
module 930 is connected and disconnected, such as by a
releasable retaining structure on the input device 1000 and/or
the housing 963, a high-friction fit that is sufficient to retain
the input device 1000 in place during activity or removing the
module 930 from the port 1004, or other removable configu-
ration. The housing 963 may also have features to facilitate
access to the buttons 1001. For example, as shown in FIG.
103, the housing 963 has one or more openings 1005 on the
outer wall 943 to permit access to the button(s) 1001. In
another embodiment, the housing 963 may have one or more
protrusions on the inner surface of the outer wall 943 adjacent
to the button(s) 1001, so that force exerted on the housing 963
can reliably activate the button(s) 1001, similar to the protru-
sion 987 described above.

[0224] In the embodiment of FIGS. 104-105, the input
device 1000 forms a part of the housing 963 or forms part of
a unitary structure with the housing 963. The input device
1000 in this embodiment forms an end of the housing 963
proximate the narrowed portion 965 of the opening 942, and
has an outer shape and contour that are substantially contigu-
ous with those of the housing 963. As shown in FIGS. 104-
105, the input device 1000 has a flange 967 that is continuous
with the flange 967 of the housing 963. The input device 1000
joins with the housing 963, and the housing 963 has an open
end 1006 adjacent the input device 1000 in communication
with the pocket 940, such that the port 1004 of the input
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device 1000 is placed in communication with the pocket 940
defined by the housing 963. In this configuration, the connec-
tor 935 of the module 930 is received within the port 1004
when the module 930 is inserted into the housing 963, as
shown schematically in FIG. 106. The input device 1000 may
be permanently connected within the housing 963 in one
embodiment, or may be removably connected within the
housing 963 in another embodiment, for example, by using
one of the permanent or removable connection techniques
described elsewhere herein. In this embodiment, the button(s)
1001 may be positioned on the outer surface of the input
device 1000, as shown in FIG. 105.

[0225] In the embodiments of FIGS. 107-108, the input
device 1000 is a separate device that is configured for inser-
tion into and removal from the housing 963 and the pocket
940 along with the module 930. The input device 1000 in each
of these embodiments is in the form of a casing that is con-
nected to the module 930 by inserting the connector 935 of the
module 930 into the port 1004 outside the housing 963, and
then inserting the module 930 and the input device 1000
simultaneously into the housing 963. Once inserted, the input
device 1000 is positioned within the end of the housing 963,
proximate the narrowed portion 965 of the opening 942,
similar to the position shown in FIG. 102. Connection of the
module 930 to the input device 1000 to form a connected
structure 1007 and insertion of the connected structure 1007
into the pocket 940 defined by the housing 963 is shown
schematically in FIG. 110. The input device 1000 of FIG. 107
differs from the input device 1000 of FIG. 108 primarily in the
location of the volume control button 1001B, which is located
on the top surface of the input device 1000 in the embodiment
of FIG. 107 and is located on the side surface of the input
device 1000 in the embodiment of FIG. 108. It is understood
that the housing 963 and/or the band 920 may be configured
for use with either of the input devices 1000 of FIGS. 107-
108, such as by effective location of features for operating the
button(s) 1001, including openings 1005, protrusions 987,
indicia 1008, etc.

[0226] Theinput devices 1000 in FIGS. 102-110 are shown
and described as being usable in connection with a band 920
as illustrated in FIGS. 68-70C and manufactured as illustrated
in FIGS. 71-91. In other embodiments, the various embodi-
ments of input devices 1000 described herein may be utilized
with other embodiments of bands 920 as described herein, for
example, the bands 920 shown in FIGS. 39A-B and manu-
factured as shown in FIGS. 18-38. It is understood that the
input device 1000 and/or the band 920 may be modified to
provide suitable functionality for such a combination.

[0227] As described above, the input device 1000 is con-
figured for communication with an external device 1002
through the transmitter 1003, as shown in FIG. 111. The
external device 1002 may include any components of the
computer device 200 described above, and may be a mobile
phone or other mobile device that can be carried by or posi-
tioned near a user during physical activity. As also described
above, the input device 1000 may be configured to transmit
signals to the external device with button input indicating the
activation of the button(s) 1001, which includes the sequence
and/or length of the button press(es) 1001. The external
device 1002 may include software configured to receive the
button input as input and take further action based on the
button input. For example, the software on the external device
1002 may interpret specific sequences of button 1001 presses
(e.g., a single, double, or triple-tap) as different input signals,
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and/or may interpret long-hold button 1001 presses as differ-
ent from button taps. Further, the external device 1002 can be
programmed to interpret and use the button input as different
inputs for different purposes, and the device 1002 may
include various preprogrammed and/or user-selected settings
governing the interpretation of the button input. The external
device 1002 may include various applications and function-
ality that are controlled and/or influenced by the button input,
according to the settings.

[0228] The input device 1000 may be in communication
with multiple external devices 1002, either simultaneously or
alternatively, and the module 930 may be in communication
with the input device 1000 and/or the external device 1002.
The input device 1000 and/or the external device 1002 may
also be in communication with an external camera 1008, such
as a body-mounted camera that may be capable of video
and/or still photo capture. The camera 1008 may be con-
trolled directly by input from the input device 1000, or the
button input may be used by the external device 1002 as
instructions for controlling the camera 1008. The input device
1000 and/or the external device 1002 may also be in commu-
nication with one or more assemblies such as the assemblies
400, 304 shown in FIGS. 4-5 and described herein, for col-
lection and/or communication of additional data. It is under-
stood that the external device 1002 may receive button input
from a different type of input device, for example, the module
930, an assembly 400 as shown in FIG. 4 or other wearable
assembly (e.g., a smart watch), and that the methods, func-
tions, and operation of the external device 1002 as described
herein are notlimited to use with an input device 1000 accord-
ing to the embodiments described herein. For example, the
functions and applications described below may be operated
by the external device 1002 without input from the input
device 1000 or any other input device. Still further, it is
understood that some processing of information performed
by the external device 1002 may include sending the infor-
mation to another device (e.g., a server) for processing and
receiving further information from the other device.

[0229] In one embodiment, the external device 1002 may
operate as illustrated in FIG. 112. In this method of operation,
the external device 1002 receives selection of one of a plural-
ity of settings from the user, governing the functioning of the
device 1002, such as through a user input of the device 1002,
or through a specific sequence of button presses from the
input device 1000. The settings may include one or more
specific applications to operate as well. The external device
1002 then receives the button input from the input device
1000. The external device 1002 can then interpret the button
input based on the settings selection and take one or more
actions based on the interpretation of the button input. A
non-exhaustive list of examples of actions that may be taken
based on the button input includes: storing or deleting infor-
mation; sending a signal to one or more other devices; initi-
ating, answering, or ending a phone call; sending a text,
picture, or video message; posting information to a website,
social media outlet, blog, RSS feed, etc.; sharing information
with a specified group of people and/or other devices; trans-
mitting a location signal; controlling music and/or video
being played by the external device 1002; controlling a cam-
era associated with the external device 1002, including an
integral camera of the external device 1002 or an external
camera 1008; interacting with the module 930; transmitting
data received from the module 930; powering the external
device 1002 and/or the input device 1000 on or off; as well as
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other functions. After taking the action, the external device
1002 may continue to function using the same settings or may
receive selection of other settings. Using the input device
1000 to transmit input to the external device 1002 may permit
the user to control the external device 1002 without directly
accessing the device 1002, or even if the device 1002 is not in
theuser’s immediate possession (e.g., located ina gym bag on
the bench during a sporting event). This greatly improves the
versatility of the use of the external device 1002, as well as
other components such as the camera 1008 and the module
930, which may be difficult or impossible to operate directly
during certain physical activities.

Phone

[0230] One potential application or function that the exter-
nal device 1002 may use in connection with the input device
1000 is operation of a telephone, such as a phone that is
integrated within the external device 1002. For example, the
button input may be used to place a call to a pre-selected
number, answer an incoming call, switch to a held call, end a
call, activate/deactivate speakerphone, change volume, and
other functions. This enables the telephone to be operated
without directly accessing the external device 1002, which
may be difficult or clumsy during physical activity. A wireless
headset or earpiece may be used in connection with the tele-
phone as well. In one embodiment, the input device 1000 may
include a dedicated button for volume control (button 1001B
as described above), which may be used with a phone. The
telephone operation may be used in connection with other
functions or applications, such as the safety application(s)
discussed herein. It is understood that the pre-selected phone
number for a call, as well as the various control functions of
the telephone with respect to the input device 1000, can be
controlled by user settings.

Music

[0231] Another potential application or function that the
external device 1002 may use in connection with the input
device 1000 is operation of a music or video player, such as a
music or video player that is integrated within the external
device 1002 or controlled by the external device 1002. The
button input may be used for functions such as play, pause,
skip, repeat, forward, rewind, power on/off, selection of a
specific song to play or a specific video or photograph to
display, and volume control, among others. In one embodi-
ment, the input device 1000 may include a dedicated button
for volume control (button 1001B as described above), which
may be used with a music or video player, or in another
embodiment, sequences of the main button 1001 A may con-
trol such features. It is understood that the pre-selected spe-
cific song, as well as the various control functions of the
music or video player with respect to the input device 1000,
can be controlled by user settings.

Camera

[0232] Another potential application or function that the
external device 1002 may use in connection with the input
device 1000 is operation of a music or video player, such as a
music or video player that is integrated within the external
device 1002 or controlled by the external device 1002. The
button input may be used for functions such as taking a photo,
series of photos, or video; transmitting, uploading, and/or
sharing a photo or video; controlling camera or media settings
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such as exposure, sensitivity, filters, or video recording speed,
and other functions. The camera operation may be used in
connection with other functions or applications, such as the
safety application(s) discussed herein. For example, the
external device 1002 may be configured to activate the cam-
era 1008 any time a safety issue is indicated, or when unex-
pected stops are detected along a running route, for safety
and/or sharing purposes. It is understood that the various
control functions of the camera with respect to the input
device 1000 can be controlled by user settings.

Mapping

[0233] Another potential application or function that the
external device 1002 may use in connection with the input
device 1000 is operation of mapping features and/or applica-
tions of the external device. The button input may be used for
functions such as accessing a map, setting a destination or
waypoint, storing or transmitting a current location, finding
the location of another user or device, or various other con-
trols. The mapping operation may be used in connection with
other functions or applications, such as the safety application
(s) discussed herein. It is understood that the various control
functions of the mapping features with respect to the input
device 1000 can be controlled by user settings.

Activity Tracking and Sharing

[0234] Another potential application or function that the
external device 1002 may use in connection with the input
device 1000 is an activity tracking and/or sharing application,
where users can share activity information with others, such
as sharing among members of a designated group. Examples
of such activity information include activity session informa-
tion, photographs, text posts, locations, as well as other types
of information. The button(s) 1001 can be used to quickly
share information with others. For example, various button
sequences may be used for tracking functions such as begin-
ning or ending activity tracking, marking desired temporal
points or locations during activity, switching from tracking
one type of activity to another, displaying activity informa-
tion on the external device 1002, or other functions; and
various button sequences may also be used for sharing func-
tions such as sharing activity session data, taking or sharing a
photo or video, sharing a current location, detecting another
user’s location, or sending a pre-programmed text message to
specified persons (e.g., “I’m starting/finishing my run”). It is
understood that the content of such a pre-programmed mes-
sage, as well as the various control functions of the applica-
tion with respect to the input device 1000, can be controlled
by user settings.

[0235] In one embodiment, the external device 1002 can
obtain activity information shared by another user (e.g., one
or more other runners), such as the location and speed of the
other user(s), a planned running route, or other information,
and then display and/or further process this information. Such
further processing may include calculating a pace and/or a
shortcut for the user to catch up to the other user, planning a
route to meet the other user, transmitting the user’s own
information to the other user, etc. For example, if the user
arrives late to an organized group run with a pre-planned
route, the device 1002 can plot a route and pace for the user to
catch up to the other runner(s) based on the pre-planned route
and the other runner’s position and speed. As another
example, if a user has a friend competing in a large race, the
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device 1002 can locate the friend and set a pace for the user to
catch the friend, based on the race route and the friend’s
location and speed. As a further example, the device 1002
could send a message to the other runner(s) in the previous
examples to reduce their pace and/or take another route to
facilitate the user catching up. Plotting of routes as described
above may further incorporate safety features as described
herein, such as by plotting routes that avoid known or sus-
pected safety hazards based on safety information.

[0236] In another embodiment, the external device 1002
may combine the activity tracking and music player applica-
tions together, allowing the user to control both applications
and switch between the two applications using only the input
device 1000. FIG. 113 illustrates one example of a control
scheme for controlling and switching between these two
applications using the main button 1001A on the input device
1000. It is understood that the control scheme in FIG. 113
switches between control of these two applications, but that
switching need not deactivate the de-selected application
unless desired by the user. Other control schemes could be
used in other embodiments, and the control scheme may be at
least partially dictated by user-controlled settings. Control
schemes similar to the example in FIG. 113 could be used in
connection with other applications and functions of the exter-
nal device 1002, for simultaneously controlling two or more
different applications or functions and switching between
such applications or functions, using the input device 1000.
[0237] Ina further embodiment, the activity tracking appli-
cation may include an activity selection setting, which per-
mits the user to select an activity from the list, such that the
device 1002 operates differently for different activity selec-
tions. For example, the device 1002 may have one set of user
settings for interpreting button input for one activity and
another set of user settings for interpreting button input for a
different activity. As another example, the device 1002 and/or
the module 930 may collect and interpret movement data
differently based on different activity selections. As a further
example, the device 1002 may instruct the input device 1000
to provide different types of haptic feedback for different
purposes based on the activity selection. Other example
selections may be used as well.

Safety Alert

[0238] Another potential application or function that the
external device 1002 may use in connection with the input
device 1000 is a safety alert application, which can alert
others of potential safety concerns, such as attacks, accidents,
crimes, fires, etc. In one embodiment, the external device
1002 may be programmed to contact others when signaled to
do so by the input device 1000, such as alerting friends and/or
family, alerting police or emergency services, etc. For
example, specific button press sequences on the input device
may control the device 1002 to send a pre-programmed text or
other message (e.g., a call for help), transmit the user’s loca-
tion, initiate a phone call to a pre-selected recipient, transmit-
ting and/or storing information regarding safety concerns,
initiating an audible alarm (e.g., through speakers on the
external device 1002), take a photo or video with the camera
1008, or other functions. An audible alarm may include a
siren or other alert sound, music from a music player, or other
audible alarm, and the device 1002 may automatically deac-
tivate any headphones or similar equipment upon sounding
the alarm. As one specific example, one button sequence may
automatically share the user’s location with others, and
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another button sequence may share the user’s location with an
indication of a safety issue, while a third button sequence may
generate an emergency alert. It is understood that the various
control functions of the application with respect to the input
device 1000, including the identities of emergency contacts
and the content of any automated messages, can be controlled
by user settings.

[0239] Inoneembodiment, the devices 1000, 1002 may be
used as part of a group or network of users to share safety
information. For example, a user’s device 1002 may share
intended running information (e.g., intended distance, time of
run, start and end points, etc.) with a designated group, to give
the group a general idea of where the user will be at a specific
time of day, in case a safety issue arises. A specific intended
route may be shared as well. The device 1002 may also
periodically send position updates to the group, which posi-
tion updates can be performed automatically on a periodic
basis, upon indication from the user (e.g., through the input
device 1000), or upon detection that movement has changed
(e.g., a stop or pause in running). Such a group may be
configured to share all safety information with each other, and
may be set up in advance as a temporary or persistent group.
As another example, the external device 1002 may be config-
ured to send emergency alerts or safety information to others
in the group. As another example, the external device 1002
may be configured to take specified actions when an emer-
gency alert is received from another user, such as automati-
cally answering an emergency phone call or activating an
audible alarm. In one embodiment, if another designated user
sends out an emergency alert SMS message, the external
device 1002 may be programmed to automatically answer
any call from the other user within a specific time period
following the alert message, or at any time until the other user
sends a subsequent alert deactivation message. As a further
example, the external device 1002 may be configured to alert
the user when the user is in or approaching a potential hazard
identified by another user in the network.

[0240] Inanotherembodiment, the devices 1000, 1002 may
be used as part of a safety information system. The safety
information system may be operated in a network environ-
ment, which may include one or more servers and a number of
other electronic devices. Communications through the safety
information system may be made through a server or directly
between devices. The system may collect and provide various
types of safety information. For example, the safety informa-
tion system can collect user-generated safety information
from a plurality of different users/devices, including the
external device 1002. Such safety information may include
the locations and times of emergency alerts, locations and
times of other potential safety issues, and gathered qualitative
safety information. It is understood that the safety informa-
tion may include positive safety information as well as nega-
tive safety information. Examples of different types of quali-
tative safety information include: areas where suspicious
persons are known to congregate, areas that are isolated or
desolate, areas with few or no street lights, areas with no
sidewalks, popular pedestrian routes, areas that “feel” unsafe
to the user, areas that frequently flood after rains, and other
types of qualitative information. The qualitative information
may include some quantitative component as well, such as a
“danger” rating on a quantitative scale. The safety informa-
tion may also include crime maps, which may be publicly
accessible and/or privately generated based on crime data
aggregation. The safety information may be categorized by
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location, time of day, whether a safety issue is temporary or
persistent, type of safety issue (e.g., crime, fire, suspected
threat, weather or environmental hazard, wildlife, etc.), quan-
titative danger rating, and other categorizations.

[0241] The safety information system may present or pro-
vide the safety information in a number of different ways. As
one example, the device 1002 may generate an indication of
a safety alert that has recently been generated by another user
in the current area or along a planned route. As another
example, the device 1002 may generate an indication that
historical or aggregated safety information indicates that the
present area, the area of a planned route, or the area the user
is approaching includes a potential safety issue. FIG. 114
illustrates one example of a display on the external device
1002 indicating a potential safety hazard in an area near the
user’s location. An indication of a safety issue may factor in
the current time or the time the user is expected to enter the
area, if the safety issue is time-dependent, such as a recently-
occurring event or a time of day when the safety issue is
known or thought to exist based on historical information. An
indication of a safety issue may also factor in a specific size of
the relevant area (e.g., a radius around the user and/or around
the safety issue). As another example, the device 1002 may
generate a suggested action in response to a safety issue, such
as turning around, suggesting an alternate route, taking cover,
etc. Such suggested actions may be based on the nature of the
safety issue, calculations performed by the device 1002 (e.g.,
alternate routes), public emergency notices (e.g., severe
weather warnings), and other information. FIG. 115 illus-
trates one example of a display of the external device 1002
suggesting an alternate route to the user to avoid a safety
hazard.

Route Recommendations

[0242] Another potential application or function that the
external device 1002 may use in connection with the input
device 1000 is a running route recommendation application,
where the device 1002 can recommend running routes to the
user based on various information including desired running
location, desired start or end points, desired length of run,
desired time of day of the run, safety information (as
described above), other user-generated information such as
route quality ratings (scenery, difficulty or ease of run, etc.),
and other factors. In one embodiment, the user may input the
desired run information into the device 1002, and the device
generates a running route that conforms to the run informa-
tion and avoids safety issues as discussed above. The device
1002 may dynamically alter the running route in progress
based on new safety information, as also described above.
The user may be able to share any information about the run
with other users during or after a run as well, including safety
information and route quality ratings or comments, which
may be used by the device 1002 and/or other users’ devices in
generating future running routes. It is understood that the
various control functions of the route recommendation appli-
cation with respect to the input device 1000 can be controlled
by user settings.

[0243] The route recommendation function of the devices
1000, 1002 can also be used in connection with a larger route
recommendation system and network. The system may
aggregate information from various users regarding specific
running routes and use that information to generate future
running routes based on user-defined criteria. For example,
the system may make safety information and route quality
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ratings or comments available to users and their devices 1002.
As another example, the system may develop and/or store
“recommended” running routes in a specific area, and users
who run the recommended routes can generate information
regarding the route, such as safety and/or quality information.
It is understood that such user-generated information may
have a time-of-day component as well, such as safety issues
that exist only at certain times of day or increased/decreased
run quality at specific times of day. Thus, a route may only be
recommended for specific times of day, or different quality/
safety ratings for different times of day may be made avail-
able to the user. The system may further be configured to use
only selected safety and/or quality information when provid-
ing a recommended route or when making such information
available to the user, such as information of a certain category
or quantitative/qualitative rating, or information generated by
specific other users (e.g.. a user’s friends, other users with
similar interests and preferences, other users of a specific
gender, etc.). The system may alternately be configured to
weigh such selected safety/quality information more or less
heavily when providing a recommended route. For example,
female users may desire route recommendations based on
safety information generated by other female users, or run-
ners who enjoy scenic routes may desire route recommenda-
tions based on quality information from other users with
similar preferences.

Anti-Theft

[0244] Another potential application or function that the
external device 1002 may use in connection with the input
device 1000 is an anti-theft application, which can be used in
the event of a theft or attempted theft of the external device
1002. For example, different button sequences on the input
device 1000 may generate an alarm in the event of a theft
attempt, lock the device 1002 to prevent access by others,
generate an alert to law enforcement with a location of the
device 1002, prevent powering off or deactivation of the
device, or other anti-theft measures. It is understood that the
various control functions of the anti-theft function with
respect to the input device 1000 can be controlled by user
settings.

[0245] The systems and networks described above, such as
the safety information system, the route recommendation
system, and emergency alerts, may access or communicate
with other existing systems in connection with providing
functionality. For example, such systems may exchange
information with a public or private emergency service, such
as gathering safety information from such services and/or
transmitting emergency alerts to such services. Other
examples of such cooperative information sharing may be
used as well.

[0246] The various embodiments of athletic bands and
other articles of apparel, housings, and modules described
herein provide benefits over existing technology. For
example, the configuration of the module and the pocket in
which itis received can operate to place physiological sensors
in close proximity to the user’s skin, which can enhance the
ability of such sensors to capture physiological data of the
user. As another example, the structures of the band and/or
housing described herein can control stretching of the elastic
material in order to make pulling the band on and off an
appendage quicker and easier; assist in preventing slippage of
the band during use; facilitate moisture passage away from
the electronic module during use; and increase durability and
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washability of the band, among other benefits described
herein and/or recognized by those skilled in the art. As a
further example, the additional input device as described
herein provides enhanced ability for communication and
interaction with an external device, as well as a simple inter-
face for on-the-go operation of and communication with such
an external device by an athlete in the middle of acompetition
or other athletic event. The various embodiments of manu-
facturing methods described herein also provide benefits over
existing technology. For example, the manufacturing meth-
ods for the band as described herein create a durable structure
that is efficient to produce. The various methods for operation
of the module, the input device, and the external device
described herein can enhance the performance monitoring
operation of the module and provide enhanced functionality
for a user in connection with use of the band and module. Still
further benefits are recognizable by those skilled in the art.

[0247] Several alternative embodiments and examples have
been described and illustrated herein. A person of ordinary
skill in the art would appreciate the features of the individual
embodiments, and the possible combinations and variations
of the components. A person of ordinary skill in the art would
further appreciate that any of the embodiments could be pro-
vided in any combination with the other embodiments dis-
closed herein. It is understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present examples
and embodiments, therefore, are to be considered in all
respects as illustrative and not restrictive, and the invention is
not to be limited to the details given herein. Terms such as
“first,” “second,” “top,” “bottom,” etc., as used herein, are
intended for illustrative purposes only and do not limit the
embodiments in any way. Additionally, the term “plurality,”
as used herein, indicates any number greater than one, either
disjunctively or conjunctively, as necessary, up to an infinite
number. Further, “providing™ an article or apparatus, as used
herein, refers broadly to making the article available or acces-
sible for future actions to be performed on the article and does
not connote that the party providing the article has manufac-
tured, produced, or supplied the article or that the party pro-
viding the article has ownership or control of the article.
Accordingly, while specific embodiments have been illus-
trated and described, numerous modifications come to mind
without significantly departing from the spirit of the inven-
tion.

What is claimed is:
1. A performance monitoring system comprising:

an article of apparel configured to be worn by a user, the
article of apparel having a pocket supported by the
article of apparel, the pocket having an inner wall and an
outer wall, with a cavity defined between the inner wall
and the outer wall, wherein the pocket has a sensor
opening extending through an inner wall of the pocket
and an access opening providing access to the cavity;
and

an electronic module received in the cavity such that the
electronic module is configured to be inserted and
removed from the cavity through the access opening, the
electronic module comprising a projection on an undet-
side of the electronic module and a sensor mounted on
the projection, wherein the projection extends through
the sensor opening when the electronic module is
received in the cavity and is configured to place the
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sensor in close proximity to skin of the user, such that the
sensor is configured to sense a physiological parameter
of the user.

2. The performance monitoring system of claim 1, wherein
the access opening is defined in the inner wall of the pocket,
and the sensor opening is separate from the access opening.

3. The performance monitoring system of claim 1, wherein
the electronic module comprises a casing defining the projec-
tion, a computer device contained within the casing and in
communication with the sensor, and an interface defined on a
top side of the casing and configured to receive user input for
operation of the computer device.

4. The performance monitoring system of claim 3, wherein
the electronic module further comprises a connector config-
ured for connection to an external device, and the band further
comprises a protective shell positioned within the cavity,
wherein the protective shell receives the connector therein
when the electronic module is received in the cavity.

5. The performance monitoring system of claim 1, wherein
the article of apparel is a band comprising a tubular body
configured to be worn by the user, wherein the tubular body of
the band has a wider end and a narrower end and is configured
to be worn on an arm of the user, and wherein the access
opening is located at an end of the pocket most proximate to
the narrower end of the tubular body.

6. The performance monitoring system of claim 1, wherein
the article of apparel is a band comprising a tubular body
configured to be worn by the user, wherein the tubular body of
the band has a wider end and a narrower end and is configured
to be worn on an arm of the user, and wherein the access
opening is located at an end of the pocket most proximate to
the wider end of the tubular body.

7. The performance monitoring system of claim 1, wherein
the article of apparel is formed of an elastic fabric material,
and the elastic fabric material of the article of apparel at least
partially defines the inner wall of the pocket and an outer wall
of the pocket, such that the pocket is integrally formed with
the tubular body.

8. The performance monitoring system of claim 7, wherein
the inner and outer walls of the pocket are heat pressed with a
bonding material, such that the elastic fabric material defining
the inner and outer walls of the pocket has lower elasticity
than the elastic fabric material defining the tubular body.

9. The performance monitoring system of claim 1, wherein
the article of apparel further comprises a housing formed of a
polymer material and connected to the article of apparel,
wherein the housing defines the cavity of the pocket.

10. The performance monitoring system of claim 9,
wherein the article of apparel is formed of an elastic fabric
material, and wherein the polymer material of the housing has
increased rigidity relative to the elastic fabric material of the
article of apparel.

11. The performance monitoring system of claim 1,
wherein the band further comprises a movable securing mem-
ber securing the module within the cavity.

12. The performance monitoring system of claim 1,
wherein the sensor is an optical heart rate sensor.

13. A band comprising;

atubular body having an inner surface and an outer surface

and defining a central passage extending in an axial
direction between first and second opposed ends,
wherein the tubular body is configured to be worn on a
user’s body such that a portion of the user’s body is
received in the central passage,
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wherein the tubular body comprises an inner portion at
least partially defining the inner surface and an outer
portion at least partially defining the outer surface,
wherein the inner portion and the outer portion each
comprise a layer of an elastic fabric material, the tubular
body further comprising a bonding material between the
inner and outer portions to bond the inner portion to the
outer portion, and

wherein the bonding material is arranged in a plurality of
lines extending in the axial direction, wherein the lines
are spaced from each other in a direction perpendicular
to the axial direction.

14. The band of claim 13, wherein each of the lines of
bonding material is a broken line comprising a plurality of
line segments separated by a plurality of gaps.

15. The band of claim 14, wherein the gaps of a first lineare
offset from the gaps of a second line adjacent to the first line,
such that the gaps of the first line are aligned with the line
segments of the second line, and the gaps of the second line
are aligned with the line segments of the first line.

16. The band of claim 14, wherein the gaps in each line are
staggered with respect to the gaps in each adjacent line.

17. The band of claim 13, further comprising a pocket
supported by the tubular body, the pocket having an inner wall
located on the inner surface of the tubular body and an outer
wall located on the outer surface of the tubular body, with a
cavity defined between the inner wall and the outer wall,
wherein the pocket has a sensor opening extending through
the inner wall of the pocket and an access opening providing
access to the cavity.

18. The band of claim 13, wherein the lines are curved.

19. The band of claim 13, wherein the lines are straight.

20. The band of claim 13, wherein the layers of the inner
portion and the outer portion are part of a single sheet of the
elastic fabric material having two opposed edges, wherein the
single sheet is folded along a fold line and the two opposed
edges are connected to each other to form the layers of the
inner portion and the outer portion.

21. A band comprising;

a tubular body having an inner surface and an outer surface

and defining a central passage, wherein the tubular body
is configured to be worn on a user’s body such that a
portion of the user’s body is received in the central
passage;

a pocket supported by the tubular body, the pocket having
an inner wall located on the inner surface of the tubular
body and an outer wall located on the outer surface of the
tubular body, with a cavity defined between the inner
wall and the outer wall, wherein the pocket has a sensor
opening extending through the inner wall of the pocket
and an access opening providing access to the cavity,

wherein the pocket is configured to removably receive an
electronic module in the cavity through the access open-
ing, such that the sensor opening is configured to permit
a sensor of the electronic module to be placed in close
proximity to skin of the user.

22. The band of claim 21, wherein the access opening and

the sensor opening are formed together as a single opening.

23. The band of claim 21, wherein the access opening is
defined in the inner wall of the pocket, and the sensor opening
is separate from the access opening.

24. The band of claim 21, wherein the tubular body is
formed of an elastic fabric material, and the elastic fabric
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material of the band at least partially defines the inner and
outer walls of the pocket, such that the pocket is integrally
formed with the tubular body.

25.The band of claim 21, further comprising an adjustment
mechanism connected to the tubular body and configured for
manipulation by the user to adjust a circumference of the
tubular body and a size of the central passage.

26. The band of claim 21, further comprising a housing
formed of a polymer material and connected to the tubular
body, wherein the housing defines the cavity of the pocket.

27. The band of claim 21, wherein the tubular body has first
and second opposed ends, such that the central passage
extends between the first and second ends, wherein a slope of
the tubular body defined between the first and second ends is
between 0-0.75.

28. An electronic module comprising:

a casing having a top side and a bottom side, the casing

having a projection on the bottom side;

a sensor mounted on the projection, wherein the sensor is

configured to sense a physiological parameter of a user;
acomputer device contained within the casing and in com-
munication with the sensor; and

an interface defined on the top side of the casing and

configured to receive user input for operation of the
computer device.

29. The electronic module of claim 28, wherein the elec-
tronic module further comprises a connector positioned at an
end of the casing and connected to the computer device, the
connector configured for connection to an external device.

30. The electronic module of claim 28, wherein the sensor
is an optical heart rate sensor.
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