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Cycling Shoe Power Sensors

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to provisional patent application number
62/697,833 entitled “Cycling Shoe Power Sensors” filed July 13, 2018, which application

is herein incorporated by reference for all that it discloses.

BACKGROUND
Background and Relevant Art

[0002] Cycling is a popular recreational and professional sport. As cyclists progress
in the sport, many desire to improve their performance. One way to measure performance
is to time how long a cyclist takes to ride a given course. However, it is difficult for
cyclists to compare performance for different rides on different courses. Part of this
difficulty arises from the many variables that can significantly affect an individual
cyclist’s performance, such as weather conditions and road conditions. Part of this
difficulty also arises from the variables among different courses, including altitude,
elevation change, and bicycle construction.

[0003] One metric that cyclists use to measure performance that is independent of the
time it takes to ride a given course is cycling power. Cycling power is a measure of the
power applied by the cyclist to a bicycle. Cycling power measures the force applied to
the pedals and crank of a bicycle over a portion of the pedal’s rotation for a time interval.
Cycling power is a metric that is somewhat independent of road conditions, weather
conditions, and elevation change, and therefore is a preferred training and comparison
statistic by amateur and professional cyclists alike. Because cycling power is a measure
of the force applied to the pedal and crank, power is conventionally measured at the pedal
or at the crank.

[0004] Biometrics can be tracked through various wearable devices, such as
incorporated into a shoe or other articles of clothing. One example of a shoe configured
to collect biometric information is described in U.S. Patent Application Serial No.
15/821,386 to Ashby, filed November 22, 2017. A shoe has an insole with an opening to
a cavity. A sensor is inserted into the cavity. The sensor includes an accelerometer

and/or gyroscope to collect movement information of the user’s shoes during use.
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[0005] Another example of an unobtrusive tracking device is disclosed in U.S. Patent
No. 9,224,291 to Moll-Carrillo et al., issued December 29, 2013. Moll-Carrillo discloses
recording and displaying athletic data using a computing device such as a mobile
communication device during physical activity. The mobile communication device
provides options for defining and recording athletic activity performed by the user. The
options include content item selection and rendering controls. Moll-Carrillo also
discloses route selection and controls.

[0006] Yet another example of an unobtrusive tracking device is disclosed in U.S.
Patent No. 8,749,380 to Vock et al., issued June 10, 2014. Vock is directed to tracking
the usage of a shoe with a shoe wear-out sensor. Vock further discloses a body bar
sensing system for sensing movement of a body bar can be provided. The body bar
sensing system includes a housing coupled to the body bar, a detector disposed within the
housing to sense movement of the body bar, and a processor to determine a number of
repetitions of the movement based on the sensed movement. The body bar sensing
system also includes a display to communicate the determined number of repetitions of

the movement to a user.

BRIEF SUMMARY

[0007] In some embodiments, a device for measuring exercise power may include a
shoe having a pocket in an outside surface of the sole of the shoe. A sensor platform
having at least one sensor on a top of the sensor platform and at least one sensor on a
bottom of the sensor platform may be configured to be placed in the pocket.

[0008] In other embodiments, a system for measuring cycling power may include a
cycling shoe. A sensor platform having a plurality of sensors may be fastened to an
outside of the sole using a plurality of platform fasteners. A cleat may be attached to the
sole using a plurality of cleat fasteners and be configured to releasably connect to a
bicycle pedal.

[0009] In still other embodiments, a method for measuring cycling power may
include inserting a sensor platform having a plurality of sensor into a pocket located on an
outer surface of a cycling shoe. A cleat may be secured to the sole using a plurality of
cleat fasteners and clipped to a pedal attached to a crank. The crank may be rotated by
applying a force through the cycling shoe to the pedal. A magnitude of the force may be
measured by the plurality of sensors on the sensor platform and the magnitude of the

force may be processed using a processor.
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[0010] Additional features and advantages will be set forth in the description which
follows, and in part will be obvious from the description, or may be learned by the
practice of the teachings herein. Features and advantages of the invention may be
realized and obtained by means of the instruments and combinations particularly pointed
out in the appended claims. Features of the present invention will become more fully
apparent from the following description and appended claims or may be learned by the
practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] In order to describe the manner in which the above-recited and other features
of the disclosure can be obtained, a more particular description will be rendered by
reference to specific embodiments thereof which are illustrated in the appended drawings.
For better understanding, the like elements have been designated by like reference
numbers throughout the various accompanying figures. While some of the drawings may
be schematic or exaggerated representations of concepts, at least some of the drawings
may be drawn to scale. Understanding that the drawings depict some example
embodiments, the embodiments will be described and explained with additional
specificity and detail through the use of the accompanying drawings in which:
[0012] FIG. 1-1 is a perspective view of the sole of a cycling shoe having a sensor
platform, according to at least one embodiment of the present disclosure;
[0013] FIG. 1-2 is a perspective view of the cycling shoe of FIG. 1-1 having a
platform cover over the sensor platform, according to at least one embodiment of the
present disclosure;
[0014] FIG. 1-3 is another perspective view of the cycling shoe of FIG. 1-1 and 1-2
having a cleat attached to the platform cover, according to at least one embodiment of the
present disclosure;
[0015] FIG. 2-1 is a top view of a sensor platform, according to at least one
embodiment of the present disclosure;
[0016] FIG. 2-2 is a bottom view of the sensor platform of FIG. 2-1, according to at
least one embodiment of the present disclosure;
[0017] FIG. 3 is a top view of a sole of a cycling shoe, according to at least one
embodiment of the present disclosure;
[0018] FIG. 4 is a schematic view of a path of a bicycle pedal, according to at least

one embodiment of the present disclosure;
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[0019] FIG. 5 is a representation of a cycling power chart, according to at least one
embodiment of the present disclosure; and
[0020] FIG. 6 is a representation of a method for measuring cycling power, according

to at least one embodiment of the present disclosure.

DETAILED DESCRIPTION

[0021] FIG. 1-1 is a perspective view of a cycling shoe 100, according to at least one
embodiment of the present disclosure. In some embodiments, the cycling shoe 100
includes a sole 102 with a pocket 104. In some embodiments, the pocket 104 is located
on a bottom of the sole 102. In other embodiments, the pocket 104 is located on a top of
the sole 102, or, in other words, on the inside of the cycling shoe 100. In some
embodiments, the pocket 104 is located on the ball of the cycling shoe 100, or in other
words, the front half of the shoe, or where the ball of a foot of a user would be located
while wearing the cycling shoe 100.

[0022] In some embodiments, the sole 102 is fabricated from carbon fiber. In other
embodiments, the sole 102 is fabricated from fiberglass, nylon, PVC, or any other stiff
material. The pocket 104 may be molded into the sole 102. For example, a carbon fiber
sole 102 may have a mold against which the plies of carbon fiber may be laid, followed
by injection or coating of the plies with a matrix, such as epoxy or a thermoplastic. In
some embodiments, the sole 102 is fabricated using additive manufacturing, the pocket
104 included in the sole 102 at the time of manufacturing. In other embodiments, the sole
102 is fabricated from a piece of material into which the pocket 104 is machined or
milled. For example, the sole 102 may include a thermoplastic polyurethane (TPU), other
solid polymer, metal, or metal alloy;, and a portion of the sole 102 may be removed to
create the pocket 104.

[0023] The pocket 104 may include a sensor platform 106. In some embodiments,
the pocket 104 is formed to fit the dimensions of the sensor platform 106. In other
embodiments, the pocket 104 is formed to accommodate multiple sizes and/or shapes of
sensor platforms 106.

[0024] In some embodiments, the pocket 104 is open, meaning that the sensor
platform 106 may be placed directly in the pocket 104. In other embodiments, the pocket
104 is enclosed, meaning that the sensor platform 106 may be inserted into a small slot or
opening into the pocket 104 such that the sensor platform 106 may be substantially

enclosed by the pocket 104 when inserted. For example, a substantially enclosed pocket
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104 may have a volume of the enclosed pocket 104 at least 80% surrounded by the sole
102.

[0025] The sensor platform 106 may include a plurality of platform fastener inserts
108. The platform fastener inserts 108 may be oriented in a pattern around the sensor
platform 106. In some embodiments, the sensor platform 106 includes five platform
fastener inserts 108. In other embodiments, the sensor platform 106 includes any other
number of platform fastener inserts 108, including three, four, six, seven, or eight
platform fastener inserts 108. In some embodiments, the sole 102 includes a plurality of
sole connections having a matching pattern to the platform fastener inserts 108. In other
words, the sole 102 may include the same number of sole connections in the same layout
as the sensor platform 106.

[0026] Still referring to FIG. 1-1, a plurality of platform fasteners 110 inserted into
the plurality of platform fastener inserts 108 and the plurality of sole connections may
secure the sensor platform 106 to the sole 102. In some embodiments, the plurality of
platform fasteners 110 have a threaded connection. In other embodiments, the plurality
of platform fasteners 110 have a press-fit connection. In still other embodiments, the
plurality of platform fasteners 110 have a nut and bolt connection to compress the sensor
platform 106 to the sole 102. In yet other embodiments, the plurality of platform
fasteners 110 have any type of connection designed to secure the sensor platform 106 to
the sole 102.

[0027] The sensor platform 106 may include a plurality of cleat supports 112
including a plurality of sensors 114. In some embodiments, the sensor platform 106
includes three cleat supports 112. For example, the sensor platform 106 may include
cleat supports 112 configured to attach to a standard three-bolt cleat system road biking
cleat, such as the SHIMANO SPD-SL. In other embodiments, the sensor platform 106
includes two cleat supports 112. For example, the sensor platform 106 may include cleat
supports 112 configured to attach to a standard two-bolt cleat system biking cleat, such as
the SHIMANO SPD. In still other embodiments, the sensor platform 106 includes four
cleat supports 112 configured to attach to a standard four-bolt cleat system biking cleat,
such as used by SPEEDPLAY cleats and pedals.

[0028] In some embodiments, a cleat support 112 includes a cleat connection 116.
The cleat connection 116 may be configured to connect to a standard cleat bolt, such as

those used to attach cleats to cycling shoes.
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[0029] FIG. 1-2 is a representation of the cycling shoe 100 of FIG. 1-2 including a
sensor platform cover 118. In some embodiments, the sensor platform cover 118 is
configured to match the peripheral outline and/or contour of the pocket in the sole 102
(e.g., pocket 104 of FIG. 1-1). In other embodiments, the sensor platform cover 118 is
larger than the outline or contour of the pocket in the sole 102. In yet other embodiments,
the sensor platform cover 118 is smaller than the outline or contour of the pocket in the
sole 102.

[0030] In some embodiments, the sensor platform cover 118 connects to the sole 102
using a snap-fit with the pocket. In other embodiments, the sensor platform cover 118
connects to the sole 102 using a plurality of cover cleat connectors 120. The cover cleat
connectors 120 may have the same pattern as the cleat supports (e.g., cleat supports 112
of FIG. 1-1). Thus, sensor platform cover 118 may include two, three, or four cover cleat
connectors 120 arranged in a pattern to connect to a standard cleat. In this manner,
connecting a cleat (not shown) to the sole 102 through the cover cleat connectors 120 and
the sensor platform cleat connection (e.g., cleat connection 116 of FIG. 1-1), may secure
the sensor platform cover 118 to the sensor platform (e.g., sensor platform 106 of FIG. 1-
1) and the sole 102.

[0031] FIG. 1-3 is another perspective view of the cycling shoe 100 of FIG. 1-1 and
1-2 showing a cleat 122 connected to the sole 102. The cleat 122 may be connected to
the sole 102 through the outside of the sensor platform cover 118 and the sensor platform
(e.g., sensor platform 106 of FIG. 1-1). The cleat 122 may be connected to the sole 102
using a plurality of cleat fasteners. As described above, in some embodiments, the cleat
122 may be connected to the sole 102 using two, three, or four cleat fasteners, depending
on the type of cleat attached.

[0032] FIG. 2-1 is a top view of a sensor platform 206, according to at least one
embodiment of the present disclosure. The sensor platform 206 may include a plurality
of platform fastener inserts 208. In some embodiments, the platform fastener inserts 208
are separate components from the sensor platform 206. In other words, the platform
fastener inserts 208 may be removable and/or replaceable. At least a portion of the
platform fastener inserts 208 may have a non-circular shape, such that when a torque is
applied to a fastener (e.g., platform fastener 110 of FIG. 1-1), the platform fastener insert
208 may resist rotation relative to the sensor platform 206. In some embodiments, the
platform fastener inserts 208 may be complementary to a fastener. For example, the

platform fastener inserts 208 may have threads complementary to the fastener.
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[0033] In some embodiments, the sensor platform 206 includes a plurality of cleat
supports 212-1, 212-2, 212-3. Each cleat support 212-1, 212-2, 212-3 may include a cleat
connection 226. The number and arrangement of cleat supports 212-1, 212-2, 212-3
and/or cleat connections 226 may conform to the number and arrangement of cleat
fasteners on the cleat to be used (e.g., cleat 122 of FIG. 1-3). For example, there may be
two, three, or four cleat supports 212-1, 212-2, 212-3 and/or cleat connections 226. In
some embodiments, the cleat supports 212-1, 212-2, 212-3 are reinforced relative to a
body of the sensor platform 206, or in other words, have a greater tensile and/or
compressive strength. In other embodiments, the cleat supports 212-1, 212-2, 212-3 have
approximately the same strength as the body of the sensor platform 206.

[0034] The sensor platform 206 may include a plurality of sensors 214. In some
embodiments, the plurality of sensors 214 may include a force sensor, a torque sensor, a
temperature sensor, an accelerometer, or any combination of the foregoing. In some
embodiments, a force sensor includes a strain gauge. In some embodiments, a strain
gauge sensor 214 is a temperature-controlled strain gauge sensor 214. For example, the
strain gauge sensor 214 may be calibrated to, designed for, and/or applied to the sensor
platform 206 specifically to limit any noise or erroneous measurements by the strain
gauge sensor 214 caused by the thermal expansion and contraction of the sensor platform
206. In other embodiments, the sensor 214 is an accelerometer. For example, the
accelerometer may allow the calculation of cadence or position of the sensor platform 206
in a stroke. This information can be correleated to other data measurements to analyze
and visualize the forces generated by a user throughout the range of motion.

[0035] In some embodiments, the plurality of cleat supports 212-1, 212-2, 212-3
includes at a least a first cleat support 212-1 that is positioned at a front of the sensor
platform 216. The plurality of cleat supports 212-1, 212-2, 212-3 includes a second cleat
support 212-2 and a second cleat support 212-2 that are positioned rearward of the first
cleat support 212-3, relative to the sole.

[0036] In some embodiments, each cleat support 212-1, 212-2, 212-3 includes at least
one sensor 214. For example, each cleat support 212-1, 212-2, 212-3 may include one
sensor 214. In other embodiments, each cleat support 212-1, 212-2, 212-3 includes two,
three, four, five, or six sensors 214. In some embodiments, one or more cleat supports
212-1, 212-2, 212-3 may not have any sensors 214. In some embodiments, different cleat
supports 212-1, 212-2, 212-3 have different numbers of sensors 214. For example, a first

cleat support 212-1 may include one sensor 214, a second cleat support 212-2 may
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include three sensors 214, and a third cleat support 212-3 may include five sensors 214.
In other examples, a first cleat support 212-1 may not have any sensors 214, a second
cleat support 212-2 may have two sensors 214, and a third cleat support 212-3 may have
six sensors 214,

[0037] In some embodiments, the placement and/or orientation of a sensor 214 at
least partially determines the type of information to be measured by the sensor 214. For
example, a strain gauge sensor 214-1 placed on a front cleat support 212-1 with the grid
oriented perpendicular to a pedal axis 228 may measure a bending strain on the front cleat
support 212-1 due to a force normal, perpendicular, or oblique to the front cleat support
212-1. Similarly, a strain gauge sensor 214-2 attached on a second cleat support 212-2
with the grid oriented parallel to the pedal axis 228 may measure a bending strain on the
second cleat support 212-2 due to a force normal, perpendicular, or oblique to the second
cleat support 212-2. Similarly, a strain gauge sensor 214 attached on a third cleat support
212-3 with the grid oriented parallel to the pedal axis 228 may measure a bending strain
on the third cleat support 212-3 due to a force normal, perpendicular, or oblique to the
third cleat support 212-3. In some embodiments, the strain gauge sensor 214, 214-1, 214-
2 is a quarter bridge strain gauge. In other embodiments, the strain gauge sensor 214,
214-1, 214-2 is a half bridge strain gauge or a full bridge strain gauge.

[0038] Still referring to FIG. 2-1, in some embodiments, a half bridge strain gauge
sensor 214-3 is configured to measure a force parallel to a radial axis of a crank (not
shown, perpendicular to pedal axis 228), or in other words, an axial force, as the pedal
and crank move around the rotational axis of the crankset of the bicycle. The half bridge
strain gauge sensor 214-3 may include a grid parallel to the pedal axis 228 and a grid
perpendicular to the pedal axis 228. In some embodiments, a first cleat support 212-1
includes both a strain gauge sensor 214-1 configured to measure bending of the first cleat
support 212-1 and a half bridge strain gauge sensor 214-3 configured to measure axial
force on the first cleat support 212-1.

[0039] In some embodiments, the second cleat support 212-2 includes a shear strain
gauge 214-4 configured to measure a shear strain on the second cleat support 212-2. The
shear strain gauge 214-4 may include two grids oriented perpendicular to each other and
may be non-parallel with the pedal axis 228. For example, the two grids may be oriented
plus or minus 45° from the pedal axis 228. Similarly, the third cleat support 212-3 may

include a shear strain gauge 214-5 configured to measure a shear strain on the third cleat
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support 212-3. In some embodiments, the shear strain gauges 214-4, 214-5 each include
two quarter bridge strain gauges or a single half bridge strain gauge.

[0040] In some embodiments, any cleat support 212-1, 212-2, 212-3 includes any
type of strain gauge sensor. For example, the first cleat support 212-1 may include a
shear strain gauge sensor. In other examples, the second and/or third cleat support 212-2,
212-3 may include a half bridge strain gauge configured to measure axial force. In still
other examples, any cleat support 212-1, 212-2, 212-3 may include any strain gauge
sensor that has any orientation of grid, or any rosette. For example, a strain gauge sensor
may have a rosette of three gauges oriented at 45° angles from each other. In other
examples, a strain gauge sensor may have a rosette of three gauges oriented at 60° angles
from each other. In still other examples, a strain gauge sensor may have a rosette of three
strain gauges oriented at an angle from each other and stacked on top of each other. In
still other examples, a strain gauge sensor may include any number of strain gauges
oriented at any angle from each other.

[0041] FIG. 2-2 is a bottom view of the sensor platform 206 of FIG. 2-1, according to
at least one embodiment of the present disclosure. In some embodiments, the sensor
platform 206 may include at least one sensor 214 on a top and a bottom of the sensor
platform 206. For example, a first sensor may be placed on a top of the sensor platform
206 (as shown in FIG. 2-1), and a paired sensor may be placed on a bottom of the sensor.
In some embodiments, the top and/or the bottom of the sensor platform 206 has more than
one sensor 214.

[0042] In some embodiments, similar sensors 214 are placed opposite each other on
the same cleat support 212-1, 212-2, 212-3 to form a sensor pair or a plurality of sensor
pairs. For example, a quarter bridge strain gauge sensor 214 may be placed in the same
location on the top and bottom of the front cleat support 212-1, such that a line drawn
vertically through the first cleat support 212-1 would intersect a first quarter bridge strain
gauge sensor 214 on the top of the first cleat support 212-1 and a second quarter bridge
strain gauge sensor 214 on the bottom of the first cleat support 212-1. Sensor pairs
having sensors on opposing top and bottom sides of a cleat support may increase the
sensitivity, reduce noise, and produce more reliable readings than having a sensor on just
one side of a cleat support.

[0043] In some embodiments, a sensor pair is located on the same side of the sensor
platform 206. For example, the top of the sensor platform 206 may include a first shear

strain gauge sensor 214-4 on a second cleat support 212-2 and a sensor shear strain gauge
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sensor 214-5 on a third cleat support 212-2. This sensor pair may collect transverse shear
forces, with the sensor pair collecting more accurate than a single sensor on a single cleat
support. However, power and/or weight considerations may encourage the use of a single
sensor on a single cleat support.

[0044] Any type of sensor may be paired with and/or placed opposite any other type
of sensor. For example, a half bridge strain gauge sensor may be placed opposite another
half bridge strain gauge sensor. In other examples, a quarter bridge strain gauge sensor
may be placed opposite a half bridge strain gauge sensor. In still other examples, a half
bridge strain gauge sensor may be placed opposite a full bridge strain gauge sensor. In
some embodiments, sensors placed opposite each other have the same grid orientation. In
other embodiments, sensors placed opposite each other have different grid orientations.
[0045] In some embodiments, a cycling shoe may be worn and/or used in conjunction
with a non-sensing or inactive sensor platform. For example, the sensor platform may
lack sensors or lack a communication means to the sensors, such that the platform itself is
a placeholder in the pocket of the sole. An inactive sensor platform may be positioned in
the sole to provide structural rigidity and/or to modify the structural rigidity of the sole
when data collection is not needed.

[0046] FIG. 3 is a representation of a top view of a sole 302, according to at least one
embodiment of the present disclosure. In some embodiments, the sensor platform 306
may be located in the front half of the sole 302, or in other words, in the toe box of the
sole 302, or in still other words, in the ball of the sole 302. A battery housing 330 may be
located in the rear half of the sole 302, or in other words, a heel of the sole 302. The
battery housing 330 may include a battery 332. In other examples, the battery housing
330 and/or battery 332 may be located in the front half of the sole 302. In yet other
examples, the battery housing 330 and/or battery 332 may be positioned externally to the
sole 302, such as affixed to the upper portion of the cycling shoe.

[0047] In other embodiments, the power supply for the sensor platform 306, sensors,
processor, storage device, communication device, or other electronic components of the
cycling shoe may generate electricity during use. For example, the power supply may
include a solar cell positioned on a top of the shoe (i.e., opposite the sole 302) to convert
solar radiation to electricity during a ride. In other examples, the sole may include a
kinetic energy convertor to convert the cyclic movement of the shoe into an electric
current. The power supply may include a moveable weight that, when moved relative to

a coil, generates an electrical current.
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[0048] The battery 332 or other power supply may be connected to the sensor
platform 306 via a conduit 333. At least one wire, or a plurality of wires, may connect
the battery 332 with the plurality of sensors (e.g., sensors 214 of FIG. 2-1 and 2-2) on the
sensor platform 306. A wire, as used herein, may include a single conductive conduit, a
plurality of conductive conduits, a flexible flat cable, a printed circuit board, a flexible
printed circuit or another other conductive medium to transmit power to the sensors. In
some embodiments, a printed circuit board or flexible printed circuit may include one or
more sensors integrated into the printed circuit. In this manner, the plurality of sensors
may be powered.

[0049] In some embodiments, the battery 332 may be a replaceable battery. In other
embodiments, the battery 332 may be a rechargeable battery. The battery 332 may be
recharged using any method, including plugging into a standard 120-volt AC outlet via
micro-USB or other connection protocol, kinetic movement, solar, and other charging
methods.

[0050] In some embodiments, the sole 302 includes a processor and a communication
device. In some embodiments, the processor and communication device are located on
the sensor platform 306. In other embodiments, the processor and communication device
are located in the battery housing 330. In still other embodiments, the processor and
communication device are located in the arch of the sole 302.

[0051] In some embodiments, the processor collects the raw data from the sensors
and passes it directly to the communication device. In other embodiments, the processor
collects the raw data from the sensors and converts it into a format that is transmitted by
the communication device. In still other embodiments, the processor collects and
analyzes the raw data from the sensors.

[0052] The communication device may be configured to communicate with a
computing device using many known communications methods, such as Bluetooth, Wi-
Fi, radio frequency, infrared, and other communication methods.

[0053] FIG. 4 is a schematic representation of a path 434 that a pedal 436 and/or
cycling shoe may travel. The path 434 may be a circular path, or may be an eccentric
path, about a rotational axis 437 of the crank 439. A user exerting a force 438 against the
pedal 436 may cause the pedal 436 to move along the path 434. The magnitude and
direction of the force 438 against the pedal 436 in any location along the path 434 will
determine the speed and direction of the pedal 436. To keep the pedal 436 rotating in the

same direction, the direction of the force 438 may change along the path 434. Similarly,
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to move the pedal 436 with a consistent power, the magnitude and direction of the force
438 changes along the path 434. The force 438 applied to the pedal 436 may include
components including, relative to the crank, an axial force, a longitudinal shear stress, and
a transverse shear stress.

[0054] FIG. 5 is a schematic representation of a rotational power chart 540 in polar
coordinates, with power shown radially and angle of rotation shown rotationally. The
dashed lines 542 represent rotations of the crankset of equal power. The power line 544
represents the power applied to a pedal (such as pedal 436 of FIG. 4) for one full
revolution along a path (such as path 434 of FIG. 4). Conventionally, a cyclist does not
maintain a constant power throughout the entire pedal stroke. A cycling stroke will have
two local minima 546 and two local maxima 548. The location and magnitude of the
local minima 546 and local maxima 548 are not only affected by pedal location within the
path, but also many user-specific factors, such as pedaling mechanics, strength, weight,
aerobic fitness, or any combination of the foregoing. It should be noted that a power line
544 that has a more ovoid shape, where the minimum 546 is has a greater magnitude
relative to the local maxima 548, provides more consistent power to the pedal, and
therefore indicates more consistent power applied by the cyclist.

[0055] FIG. 6 represents a method 650 for measuring cycling power. The method
650 includes inserting a sensor platform into a pocket at 652. The pocket may be located
on the outside of the sole of a cycling shoe. In other examples, the pocket may be located
in the sole of the cycling shoe and accessible through the inside of the shoe or through a
slot, into with the sensor package may be inserted. A cleat may be secured to the outside
of the sole of the cycling shoe at 654. The cleat may be secured using a plurality of cleat
fasteners as described herein. In some embodiments, a platform cover is placed between
the cleat and the sensor platform, to protect the sensor platform.

[0056] The method 650 may include clipping the cleat to a pedal at 656. The pedal
may be attached to a crank, which is used to provide the motive force for a bicycle or a
torque on a motor or other resistance system of a stationary bicycle. The crank may be
rotated by applying a force through the cycling shoe to the pedal at 658. The magnitude
of a plurality of components of the force may be measured by sensors on or in the sensor
platform positioned between the cycling shoe and the pedal at 660. For example, the
sensors of the sensor platform may measure linear forces, shear forces, torque, and other
components of the force applied by the user to measure the manner and/or efficiency with

which the force is transmitted from the user to the pedal. Upon measuring the force, the
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data may be optionally transmitted at 661 from the sensors or from the cycling shoe to a
remote processor, hardware storage device, or other electronic device. The data may also
be retained locally in a memory, processor, or storage device in the cycling shoe.
[0057] The magnitude of the measured components of the force is processed and
communicated to a computing device at 662. In other embodiments, the measured
components of the force are recorded and saved for later analysis. In yet other
embodiments, the magnitude of the measured components of the force are presented in
real time to a user.

INDUSTRIAL APPLICABILITY
[0058] The present disclosure relates generally to devices and methods used to
measure force and power of a cyclist’s pedal stroke. For example, a cyclist may wear a
cycling shoe or a pair of cycling shoes having a sensor platform inserted or embedded
into the sole of the cycling shoe. In some embodiments, the cycling shoe may be
configured to be used with conventional pedals, or in other words, platform pedals, or
pedals that do not clip into a cleat attached to the shoe. For example, such cycling shoes
may be used by a mountain biker that does not wish to encumber his feet by clipping into
a pedal, but still wishes to analyze the power of his pedal stroke. The sensor platform in
such a cycling shoe may assist the cyclist in determining the efficiency of his pedal
stroke, the placement of his foot on the pedal, or relative weight distribution on the pedals
at different times during the bicycle ride.
[0059] In some embodiments, the sensor platform is inserted into the sole of a cycling
shoe. A platform cover may cover the sensor platform to protect the sensor platform. In
some embodiments, the platform cover may cover the entire pocket and make the pocket
waterproof, thereby protecting the sensor platform from water. The platform cover may
also protect the sensor platform from impacts, such as when a cyclist attempts to clip into
a pedal, but misses and hits the shoe, or when a cyclist is walking while wearing the
cycling shoes.
[0060] In some embodiments, the cycling shoe may not include a platform cover. For
example, a cleat attached to the sensor platform may sufficiently cover the sensor
platform to provide the necessary protection. In other examples, the sensor platform may
include sensors internal to the sensor platform, such that the sensors are not exposed and
vulnerable to damage. In still other examples, the pocket may be contained within the

sole, and include a slot into which the sensor platform is inserted. In other embodiments,
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a platform cover may be used without an active sensor platform, with a non-sensing or
inactive platform in place.

[0061] In some embodiments, all or part of the sole may be fabricated from a light-
weight composite, such as carbon fiber or fiberglass. In other embodiments, all or part of
the sole may be fabricated from a light-weight plastic, such as Nylon, PVC, TPU, or other
light-weight plastic. In some embodiments, all or part of the sensor platform may be
fabricated from a light-weight composite, such as carbon fiber or fiberglass. In other
embodiments, all or part of the sensor platform may be fabricated from a composite, such
as fiberglass or carbon fiber; a light-weight plastic, such as Nylon, PVC, TPU, or other
light-weight plastic; or metal, such as steel, stainless steel, aluminum alloy, or titanium
alloy.

[0062] A cleat may be installed onto the sole of the cycling shoe to secure the sensor
platform and/or the platform cover. The cleat may be configured to clip into a matching
pedal. A user wearing the cycling shoe may pedal a bicycle or stationary exercise bicycle
by applying force to the shoe, through the sole, the sensor platform and/or the platform
cover, to the cleat and to the pedal. The pedal is rotatably attached to a crank, which is
rotationally fixed to a front cassette. A chain may connect the front cassette to a rear
cassette rotationally fixed to a wheel.

[0063] A tangential force applied to the crank through the pedal will rotate the crank,
which will rotate the front cassette, and through the chain, rotate the rear cassette to cause
the wheel to rotate. The force a cyclist applies to the pedal over a period of time to cause
the rotation is the cycling power, commonly measured in Watts (W).

[0064] Cycling power may be increased by maximizing the force applied at each
stage of the pedal stroke. This may include pushing downward through the front of a
pedal stroke, laterally pulling and pushing (sometimes described as scraping) through the
top and bottom of a pedal stroke, and lifting through the back of a pedal stroke. One way
to quantitatively analyze a cyclist’s pedal stroke is to measure his power throughout the
pedal stroke. Thus, they can analyze their pedal stroke and make efforts to improve it.
[0065] Installing a sensor platform in a cycling shoe may allow a user to measure
power applied throughout the pedal stroke. Generally, a force measured closer to its
source (e.g., the foot) will be more accurate than one measured further away from the
source. Therefore, a sensor installed on the crank will be generally less accurate than a
sensor installed on a pedal, which will be generally less accurate than a sensor installed in

the sole of a cycling shoe. This decrease in accuracy may occur at least in part because of
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the losses that may occur as the force transfers from the shoe to the pedal to the crank.
Therefore, by installing the sensor platform in the sole of the cycling shoe, the sensor
platform is collecting accurate power information close the foot of the user. Additionally,
the pedal and crank are rigid structures that transmit power relatively efficiently. The
transmission of power from the shoe to the pedal exhibits greater variation than the
transmission of power from the pedal to the crankset.

[0066] Having multiple sensors on the sensor platform may increase the accuracy
and/or amount of the power information collected. For example, by including force
measurements on a forward and two rear cleat supports, the force applied to each point of
contact of the cleat with the cycling shoe may be measured, thus enabling a user to
analyze force distribution between the three cleat supports. Similarly, the bending
moment may be calculated for each of the cleat supports, which may allow a user or a
manufacturer to understand if energy is being wasted when transferred from the cycling
shoe to the cleat and the pedal. Using this feedback, a manufacturer may optimize the
structure of a cycling shoe for optimal force transfer and weight distribution.

[0067] Similarly, by placing shear stress sensors in the two rear cleat supports, the
transverse shear stress, or shear stress in a direction that is not axial with the crank or
tangential to the path of the pedal, may be measured and calculated. Transverse shear
may help a cyclist understand the extent of transverse or lateral motion or force by her
foot. By understanding the location and magnitude of transverse shear, a cyclist may
work to improve her stance, her pedal stroke, or may encourage her to find different or
better fitting gear (such as pedals, cycling shoes, and cleats).

[0068] Placing sensors on both the top and the bottom of the sensor platform may
allow for the collection of more accurate and/or additional readings. For example, by
comparing measurements from opposing sensors (e.g., sensors in the same location on the
top and on the bottom of the sensor platform), the noise from the sensors may be reduced.
Further, having opposing sensors may improve the reliability of the system because, if
one sensor fails, data will still be collected by a backup sensor.

[0069] The type of sensor used may affect both the accuracy and power usage of the
sensor. For example, a half or full bridge strain gauge sensor may collect more accurate
measurements but may utilize more power.

[0070] In some embodiments, the sensors may periodically or regularly take
measurements according to a measuring rate. In some embodiments, the measuring rate

may be in a range having an upper value, a lower value, or upper and lower values
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including any of 10 measurements per second, 50 measurements per second, 100
measurements per second, 200 measurements per second, 300 measurements per second,
400 measurements per second, 500 measurements per second, 600 measurements per
second, 700 measurements per second, 800 measurements per second, 900 measurements
per second, 1,000 measurements per second, or any values therebetween. For example,
the measuring rate may be greater than 10 measurements per second. In other examples,
the measuring rate may be less than 1,000 measurements per second. In yet other
examples, the measuring rate may be in a range of 10 measurements per second to 1,000
measurements per second. A higher measuring rate may provide greater resolution for a
power chart but will take more power to collect.

[0071] In some embodiments, the measurement collected by the sensors may be
converted to a force in Newtons (N). The force multiplied by the distance over which the
force is applied in meters (m) and divided by the time interval (s) will provide the power
in Watts (W =N m /s). In some embodiments, the sensors of the sensor platform may be
configured to measure cycling power in a range having an upper value, a lower value, or
upper and lower values including any of 0 W, 50 W, 100 W, 200 W, 400 W, 600 W, 800
W, 1,000 W, 1,200 W, 1,400 W, 1,600 W, 1,800 W, 2,000 W, or any values
therebetween. For example, the sensors of the sensor platform may be configured to
measure cycling power of at least 400 W. Sensors configured to measure a cycling power
of at least 400 W may accurately measure the cycling power of a recreational rider with a
sustained cycling power between 200 and 300 W. In other examples, the sensors of the
sensor platform may be configured to measure cycling power of at least 1,000 W.
Sensors configured to measure a cycling power of at least 1,000 W may accurately
measure the cycling power of a professional rider with a sprint cycling power between
500 and 1,000 W. In yet other examples, the sensors of the sensor platform may be
configured to measure cycling power of at least 2,000 W. Sensors configured to measure
a cycling power of at least 2,000 W may accurately measure the cycling power of a
professional rider with a burst cycling power over 1,000 W.

[0072] The temperatures to which the sensor platform is exposed vary. By installing
sensors that are specially designed, applied, and/or manufactured for a specific material
and/or geometry of a sensor platform, the effects of thermal expansion and contraction
may be minimized. Similarly, sensors may include “dummy” circuits that only measure
the effect of temperature, thereby minimizing the effects of thermal expansion and

contraction. For example, a dummy circuit may be oriented along an axis that will



10

15

20

25

30

WO 2020/014233 PCT/US2019/041014
17

experience limited strain. Cyclists ride in a variety of conditions, from extreme heat (e.g.,
over 40 °C), to extreme cold (e.g., below 0 °C), sometimes changing from one extreme to
the other within the same bicycle ride. Thus, having sensors that compensate for
temperature will help to reduce erroneous readings and improve the accuracy of the
sensor.

[0073] In some embodiments, the cycling shoe may include a data logger. In this
manner, the data collected from the sensors during a bicycle ride may be collected and
analyzed after the ride is completed. Including a data logger, rather than a
communication device, may reduce the weight and/or power requirements of a power
measurement system.

[0074] In other embodiments, the cycling shoe may include a processor and
communication device. The data measured by the sensors may be collected by the
processor and packaged for transmission to a remote device via the communication
device. The data may be transmitted with a transmission rate. In some embodiments, the
transmission rate may be the same as the measuring rate. In other embodiments, the
transmission rate may be less than the measuring rate. For example, multiple
measurements may be taken by the plurality of sensors, collected by the processor, and
then packaged together for communication to the remote device. The remote device may
then take and process the communicated data. Processing the communicated data may
include converting the raw data collected into forces and power. Processing the
communicated data may also include developing a power chart, communicating training
information to the user, or other information to the user. In some embodiments, the
remote device may be a smartphone, a smart watch, a tablet, a laptop or desktop
computer, a bicycle computer, a stationary bicycle console, or other remote device.

[0075] In some embodiments, the remote device may communicate with or access
user profiles with exercise routines specific to the selected user. An example of a user
profile database that may be compatible with the principles described herein includes an
iFit program available through www.ifit.com and administered through ICON Health and
Fitness, Inc., located in Logan, Utah, U.S.A. An example of a program that may be
compatible with the principles described in this disclosure is described in U.S. Patent No.
7,980,996 issued to Paul Hickman. U.S. Patent No. 7,980,996 is herein incorporated by
reference for all that it discloses. However, such profile information may be available
through other types of programs that contain such information. For example, such

information may be gleaned from social media websites, blogs, government databases,
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private databases, other sources, or combinations thereof. In some examples, the user
information accessible through the user profiles includes the user’s age, gender, body
composition, height, weight, health conditions, other types of information, or
combinations thereof that may be helpful in determining the appropriate exercise routine
for the user. Such user profile information may be available to the remote device through
the iFit.

[0076] The articles “a,” “an,” and “the” are intended to mean that there are one or
more of the elements in the preceding descriptions. The terms “comprising,” “including,”
and “having” are intended to be inclusive and mean that there may be additional elements
other than the listed elements. Additionally, it should be understood that references to
“one embodiment” or “an embodiment” of the present disclosure are not intended to be
interpreted as excluding the existence of additional embodiments that also incorporate the
recited features. For example, any element described in relation to an embodiment herein
may be combinable with any element of any other embodiment described herein.
Numbers, percentages, ratios, or other values stated herein are intended to include that
value, and also other values that are “about” or “approximately” the stated value, as
would be appreciated by one of ordinary skill in the art encompassed by embodiments of
the present disclosure. A stated value should therefore be interpreted broadly enough to
encompass values that are at least close enough to the stated value to perform a desired
function or achieve a desired result. The stated values include at least the variation to be
expected in a suitable manufacturing or production process, and may include values that
are within 5%, within 1%, within 0.1%, or within 0.01% of a stated value.

[0077] A person having ordinary skill in the art should realize in view of the present
disclosure that equivalent constructions do not depart from the spirit and scope of the
present disclosure, and that various changes, substitutions, and alterations may be made to
embodiments disclosed herein without departing from the spirit and scope of the present
disclosure. Equivalent constructions, including functional “means-plus-function” clauses
are intended to cover the structures described herein as performing the recited function,
including both structural equivalents that operate in the same manner, and equivalent
structures that provide the same function. It is the express intention of the applicant not
to invoke means-plus-function or other functional claiming for any claim except for those
in which the words ‘means for’ appear together with an associated function. Each
addition, deletion, and modification to the embodiments that falls within the meaning and

scope of the claims is to be embraced by the claims.



10

15

20

25

30

WO 2020/014233 PCT/US2019/041014
19

[0078] It should be understood that any directions or reference frames in the
preceding description are merely relative directions or movements. For example, any
references to “front” and “back” or “top” and “bottom” or “left” and “right” are merely
descriptive of the relative position or movement of the related elements.
[0079] The present disclosure may be embodied in other specific forms without
departing from its spirit or characteristics. The described embodiments are to be
considered as illustrative and not restrictive. The scope of the disclosure is, therefore,
indicated by the appended claims rather than by the foregoing description. Changes that
come within the meaning and range of equivalency of the claims are to be embraced
within their scope.
[0080] By way of example, cycling shoes according to the present disclosure may be
described according to any of the following sections:
1. A device for measuring exercise power comprising:
a shoe having a sole, wherein the sole includes a pocket on an outside surface of
the sole; and
a sensor platform having a top and a bottom, the sensor platform including a
plurality of sensors, a first sensor of the plurality of sensors being on the
top of the sensor platform, and a second sensor of the plurality of sensors
being on the bottom of the sensor platform, wherein the sensor platform is

configured to be placed within the pocket.

2. The device of section 1, wherein the first sensor and the second sensor are force
Sensors.
3. The device of either section 1 or 2, wherein the sensor platform includes a

plurality of cleat supports, the first sensor and the second sensor being located on

at least one cleat support of the plurality of cleat supports.

4. The device of section 3, wherein the plurality of cleat supports includes a forward
cleat support, a first rear cleat support and a second rear cleat support, wherein a
third sensor of the plurality of sensors is configured to measure transverse shear
force and located on the first rear cleat support, and a fourth sensor of the plurality
of sensors is configured to measure transverse shear force and located on the

second rear cleat support.
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The device of any of sections 1-3, wherein the plurality of sensors includes a
plurality of sensor pairs, each sensor pair including a top sensor located on the top
of the sensor platform and a bottom sensor located on the bottom of the sensor
platform, the top sensor and the bottom sensor being opposite each other on the

platform.

The device of section 5, wherein the top sensor and the bottom sensor are strain

gauges having the same orientation.

The device of any of sections 1-6, further comprising a battery located in the sole

of the shoe.

The device of any of sections 1-7, further comprising a processor located in a heel
of the shoe, the processor connected to the plurality of sensors by at least one

wire.

A system for measuring cycling power comprising:

a cycling shoe having a sole;

a sensor platform fastened to an outside of the sole using a plurality of platform
fasteners, wherein a plurality of sensors are attached to the sensor
platform; and

a cleat attached to the sole with a plurality of cleat fasteners and configured to
secure the sensor platform to the cycling shoe and releasably connect to a

bicycle pedal.

The system of section 9, wherein the cleat is connected to the sole using three

cleat fasteners.

The system of section 10, wherein the sensor platform includes three cleat
supports, wherein each cleat support includes at least one sensor of the plurality of

SEensors.
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The system of any of sections 9-11, further comprising a communication device

in electronic communication with the plurality of sensors.

A method for measuring cycling power comprising:

inserting a sensor platform having a plurality of sensors into a pocket located on
an outer surface of a sole of a cycling shoe;

securing a cleat to the sole using a plurality of cleat fasteners;

clipping the cleat to a pedal attached to a crank;

rotating the crank by applying a force through the cycling shoe to the pedal; and

measuring a magnitude of a plurality of components of the force using the

plurality of sensors on the sensor platform.

The method of section 13, further comprising securing the sensor platform to the

cycling shoe using a plurality of platform fasteners.

The method of section 13 or 14, wherein measuring the magnitude of a plurality
of components of the force includes measuring the magnitude of the force

periodically according to a measuring rate.

The method of section 15, wherein the measuring rate is greater than 10

measurements per second.

The method of any of sections 13 through 16, wherein measuring the magnitude
of a plurality of components of the force includes measuring the magnitude with
at least one of the plurality of sensors located on a top of the sensor platform and

at least one of the plurality of sensors located on a bottom of the sensor package.

The method of any of sections 13 through 17, wherein measuring the magnitude
of a plurality of components of the force includes measuring, relative to the crank,
a radial force in line with the crank, a longitudinal shear stress, and a transverse

shear stress.

The method of any of sections 13 through 18, further comprising processing the

magnitude of a plurality of components of the force.

The method of any of sections 13 through 19, further comprising communicating

the magnitude of a plurality of components of the force to a remote device.
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CLAIMS
What is claimed is:

1. A device for measuring exercise power comprising:

10
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30

a shoe having a sole, wherein the sole includes a pocket on an outside surface
of the sole; and

a sensor platform having a top and a bottom, the sensor platform including a
plurality of sensors, a first sensor of the plurality of sensors being on the
top of the sensor platform, and a second sensor of the plurality of sensors
being on the bottom of the sensor platform, wherein the sensor platform is

configured to be placed within the pocket.

2. The device of claim 1, wherein the first sensor and the second sensor are force

SEensors.

The device of claim 1, wherein the sensor platform includes a plurality of cleat
supports, the first sensor and the second sensor being located on at least one

cleat support of the plurality of cleat supports.

The device of claim 3, wherein the plurality of cleat supports includes a first
cleat support, a second cleat support, and a third cleat support, the second cleat
support and third cleat support being rearward of the first cleat support relative
to the sole, wherein a third sensor of the plurality of sensors is configured to
measure transverse shear force and located on the second cleat support, and a
fourth sensor of the plurality of sensors is configured to measure transverse

shear force and located on the third cleat support.

The device of claim 1, wherein the plurality of sensors includes a plurality of
sensor pairs, each sensor pair including a top sensor located on the top of the
sensor platform and a bottom sensor located on the bottom of the sensor
platform, the top sensor and the bottom sensor being opposite each other on

the sensor platform.

The device of claim 5, wherein the top sensor and the bottom sensor are strain
gauges having an orientation that is the same for both the top sensor and the

bottom sensor.
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The device of claim 1, further comprising a battery located in the sole of the

shoe.

The device of claim 1, further comprising a processor located in the sole of the

shoe, the processor connected to the plurality of sensors by a conduit.

A system for measuring cycling power comprising:

a cycling shoe having a sole;

a sensor platform fastened to an outside of the sole using a plurality of
platform fasteners, wherein a plurality of sensors is attached to the sensor
platform; and

a cleat attached to the sole with a plurality of cleat fasteners and configured to
secure the sensor platform to the cycling shoe and releaseably connect to a

bicycle pedal.

The system of claim 9, wherein the cleat is connected to the sole using three

cleat fasteners.

The system of claim 10, wherein the sensor platform includes three cleat
supports, wherein each cleat support includes at least one sensor of the

plurality of sensors.

The system of claim 9, further comprising a communication device in

electronic communication with the plurality of sensors.

. A method for measuring cycling power comprising;

inserting a sensor platform having a plurality of sensors into a pocket located
on an outer surface of a sole of a cycling shoe;

securing a cleat to the sole using a plurality of cleat fasteners;

clipping the cleat to a pedal attached to a crank;

rotating the crank by applying a force through the cycling shoe to the pedal;
and

measuring a magnitude of a plurality of components of the force using the

plurality of sensors on the sensor platform.

The method of claim 13, further comprising securing the sensor platform to

the cycling shoe using a plurality of platform fasteners.
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The method of claim 13, wherein measuring the magnitude of a plurality of
components of the force includes measuring the magnitude of the force

periodically according to a measuring rate.

The method of claim 15, wherein the measuring rate is greater than 10

measurements per second.

The method of claim 13, wherein measuring the magnitude of a plurality of
components of the force includes measuring the magnitude with at least one of
the plurality of sensors located on a top of the sensor platform and at least one

of the plurality of sensors located on a bottom of the sensor package.

The method of claim 13, wherein measuring the magnitude of a plurality of
components of the force includes measuring, relative to the crank, a radial
force in line with the crank, a longitudinal shear stress, and a transverse shear

stress.

The method of claim 13, further comprising processing the magnitude of a

plurality of components of the force.

The method of claim 13, further comprising communicating the magnitude of

a plurality of components of the force to a remote device.
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