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gauges and determining at least one or more
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SYSTEM AND METHOD FOR BICYCLE POWER MEASUREMENT AND ENERGY
SUPPLY

RELATED APPLICATIONS

[0001] This application claims priority to US Patent Application Serial No.:
62/311,367, titled “System and Method for Bicycle Power Measurement and Energy Supply”,
filed March 21, 2016, and incorporated herein by reference. This application is also related
to PCT Application Number PCT/IB2015/002099, filed August 26, 2015, entitled
“Adhesively coupled Power-Meter for Measurement of Force, Torque, and Power and
Associated Methods,” which is incorporated as Appendix A of the aforementioned

application.

BACKGROUND

[0002] Fitness training can be accomplished under several different ideologies
such as perceived exertion, heart rate, or power output. These ideologies fall under categories
of subjective and objective measures of an athlete’s effort. Perceived exertion and heart rate
are examples of subjective measure that may vary due to fatigue, temperature, hydration,
duration of effort, etc. A power-meter, on the other hand, is an objective device that measures
both the torque and angular velocity (in a rotating system) or force and velocity (in a
translating system) to determine a rate of energy input to a system. This energy rate is
generally measured in Watts or horsepower.

[0003] Power-meter use has become very popular for training and racing since it
objectively displays the power output by an athlete. This objective measure is more desirable
than the subjective measures provided by heart rate monitors for example. The user’s heart
rate changes during a given exertion and this change typically lags strong efforts resulting in
inaccurate indications of effort being exerted by the athlete. Thus, subjectively determined
measurements have limitations, whereas power-meter measurements are more accurate and
provide near instantaneous feedback without bias.

[0004] To measure power input to a bicycle for example, there are several
locations where the forces, torques, and/or angular velocities may be measured, including
shoe cleats, pedals, crank arms, the spider connecting the cranks to the chain ring, chain,
wheel hub, and frame. Power measurement at each of these locations presents challenges,
requiring specialized instrumentation by skilled technicians on specially engineered

components that are specifically designed for attaching the instrumentation.
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[0005] FIG. 1 depicts a prior art bicycle pedal-crank assembly 100 that includes a
crank 102, having a longitudinal axis X, a vertical axis Y, and a lateral axis Z. This assembly
100 is used for measuring torque being produced by the pedal force in the crank’s rotation
plane (the X-Y plane). The pedal-crank assembly 100 includes a crank 102, having a top
surface 104, a bottom surface 106, an inner surface 108, and an outer surface 110. Crank 102
is attached to a bottom bracket (not shown), that rotates about lateral axis Z, at axle fastener
112 located proximate a first end 114 of crank 102. Proximate second end 116 of crank 102 is
attached a pedal axle 118 for attaching a pedal (not shown). A rider applies force represented
by arrow 120 to the pedal thereby causing crank 100 to rotate about lateral axis Z at the
bottom bracket (not shown).

[0006] As the rider applies force 120, the torque causes bending in the crank 100
which is measured by first and second strain gauges 122, 124. First strain gauge 122 is
located on top surface 104, and second strain gauge 124 is located on bottom surface 106 of
crank 100 (and thus depicted in dashed lines). First and second strain gauges 122, 124 are
wired via circuitry (not shown) into a Wheatstone bridge. The configuration of first and
second strain gauges 122, 124 allows sensitivity to bending of crank 100 as force 120 is
applied to the pedal, but insensitivity to axial forces applied along the longitudinal axis X.
However, first and second strain gauges are very susceptible to physical damage because they
are located on the top and bottom surfaces 104, 106 and are frequently in physical contact
with the rider and other elements. Moreover, having the first and second gauges 104, 106

located on opposing surfaces of crank 100 makes manufacturing difficult and inefficient.

SUMMARY

[0007] In one embodiment, a crank power measurement system measures one or
more of force, torque, power, and velocity of the crank. The system includes a crank, two or
more strain gauges located on a surface of the crank, and electronics for receiving strain data
from the two or more strain gauges and determining at least one or more of bend-strain,
shear-strain, and axial strain.

[0008] In another embodiment, a bicycle crank mounted power generator for
generating power when the bicycle is being ridden by a user. The bicycle crank mounted
power generator including a base ring fixedly attached to a frame of the bicycle, the base ring
circling a bottom bracket attached to a crank, a plurality of magnets coupled with the base
ring, a coil system attached to the crank located adjacent to the plurality of magnets such that

when the crank rotates about the bottom bracket, the coil generates an output at leads of the
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coil, and electronics configured to manipulate the output to at least one of power an electronic

device or store the output in a power supply.

BRIEF DESCRIPTION OF THE FIGURES

[0009] FIG. 1 depicts a prior art bicycle pedal-crank for measuring torque being
produced by the pedal force in the crank’s rotation plane.

[0010] FIG. 2 depicts an exemplary crank having inner surface strain gauges, in
one embodiment.

[0011] FIG. 3 depicts an additional strain gauge configuration for use with the
crank of FIG. 2, in one embodiment.

[0012] FIG. 4 depicts an additional strain gauge configuration for use with the
crank of FIG. 2, in one embodiment.

[0013] FIG. 5 depicts an additional strain gauge configuration for use with the
crank assembly of FIG. 2, in one embodiment.

[0014] FIGs. 6A-C depict additional strain gauge configurations for use with the
crank assembly of FIG. 2, in alternate embodiments.

[0015] FIG. 7 depicts an additional strain gauge configuration for use with the
crank assembly of FIG. 2, in one embodiment.

[0016] FIG. 8 depicts an exemplary strain gauge electronics module 800, in one
embodiment.

[0017] FIG. 9 depicts a bottom perspective view of a bicycle mounted magnetic
power generator system, in one embodiment.

[0018] FIG. 10 depicts a top front perspective view of the bicycle mounted
magnetic power generator system of FIG. 9.

[0019] FIG. 11 depicts a front view of the base ring having magnets used in the
bicycle mounted magnetic power generator system of FIG. 9, in one embodiment.

[0020] FIG. 12A depicts an exploded view of the bicycle mounted magnetic
power generator system of FIG. 9.

[0021] FIG. 12B depicts the strain gauges, electronics, and coil when mounted on
the bicycle mounted magnetic power generator system, without the base portion, in one
embodiment.

[0022] Fig. 13 depicts a coil system for use in the bicycle mounted power

generator of FIGs. 9-12, in one embodiment.



10

15

20

25

30

WO 2017/165448 PCT/US2017/023454

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0023] Certain embodiments disclosed herein relate to a body instrumented with
strain sensors to indirectly measure loads applied to the body. In a typical use case, it is
desired to determine the applied forces or moments along a specified axis. To enable this
measurement, one or more strain sensors are affixed to the body. Known loads are applied to
the body and the strains are recorded to enable calibration of sensors to these loads. For
regular geometries, homogeneous materials and well defined load cases, it is possible to
apply only one primary strain sensor to enable accurate, repeatable measurements. In most
situations however, several strain sensors must be applied to augment the primary strain
sensor to correct for such things such as irregular geometries, variations in manufacturing,
off-axis loading and non-ideal sensor placements, to name a few.

[0024] Calibration of various strain sensors may include attaching a single weight
in one orientation and observing the strain output(s), or it may involve several weights
applied to the body in various positions and orientations. This data can then be processed
with sophisticated models that include regression.

[0025] The strain sensing is typically carried out with a strain gauge. A single
gauge may be used to measure the strain in a particular orientation, but two, three, four or
more gauges may be combined into a Wheatstone bridge to measure the strain response in a
single direction. Any form of Wheatstone bridge, including quarter, half, three-quarter or full
Wheatstone bridge may be utilized without departing from the scope hereof. Additional
gauges have several benefits, such as to provide increased sensitivity — in some cases up to
four times the sensitivity of a single gauge. Another benefit for additional gauges is that
temperature changes in the metal cause the material to expand or contract, which is measured
as a change in strain even though no loads have been applied. Where multiple gauges are
configured in a Wheatstone bridge, they become less temperature sensitive.

[0026] Even when strain sensing gauges are wired into a Wheatstone bridge,
temperature sensitivity may still be exhibited due to zero load offset changes and sensitivity
slope changes in the output. Due to individual characteristics of the gauges, circuitry and
enclosure, the zero offset changes may be individually tested. It may be possible to model
these offset effects with a simple linear change over a small range in temperatures, thus only
requiring a two-point temperature calibration. However, in the more general case, a multi-
point temperature characterization may be conducted for a non-linear variation in zero load
offset versus temperature. The same discussion can also be carried out for the change in slope

sensitivity with respect to temperature. Each configuration may be tested over several
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different temperatures for a full non-linear mapping of the response option. In the simplest
case, a simple two-point temperature test may be sufficient for example, when a global
structural stiffness property is the dominant factor in the slope change.

[0027] FIG. 2 depicts an exemplary crank assembly 200 having inner surface
strain gauges, in one embodiment. Crank assembly 200 includes a crank 202, having a
longitudinal axis X, a vertical axis Y, and a lateral axis Z. Crank 202 has a top surface 204, a
bottom surface 206, an inner surface 208, and an outer surface 210. Crank assembly 200 has
first and second bend-sensing strain gauges 222, 224 located on the inner surface 208, with
respect to crank assembly 200 positioned on a bicycle, of crank 202. Crank 202 attaches to a
bottom bracket (not shown), that corresponds to lateral axis Z, at axle fastener 212 located
proximate a first end 214 of crank 202. Proximate second end 216 of crank 202 is attached a
pedal axle 218 for attaching a pedal (not shown). A rider applies force in the direction shown
by arrow 220 to the pedal thereby applying force along vertical axis Y (and potentially
longitudinal axis X) causing crank assembly 200 to rotate about lateral axis Z at the bottom
bracket. It should be appreciated that the actual force on crank 202 is not limited to vertical
force as shown by arrow 220, but in reality includes forces in multiple dimensions including
the X, Y, and Z axes. Arrow 220 is for illustrative purposes only.

[0028] As the rider applies force 220, the torque causes bending in the crank
assembly 200 which is measured by first and second bend-sensing strain gauges 222, 224.
First strain gauge 222 is located on inner surface 108, above the neutral axis 226 of the crank
assembly 200. Second strain gauge 224 is located on the inner surface 108 of crank assembly
200 located below the neutral axis of the crank assembly 200. First and second bend-sensing
strain gauges 222, 224 are wired via circuitry (not shown) into a Wheatstone bridge such that
they are insensitive to axial forces (e.g., around the X axis/neutral axis 226) but remain
sensitive to bending (along the X axis/neutral axis 226). The circuitry and electronics
associated with first and second bend-sensing strain gauges 222, 224 are discussed in further
detail below. Placing the bend-sensing strain gauges 222, 224 on the inner surface 208 of
crank assembly 200 provides significantly increased protection of the gauges because they
are less susceptible to contact by the rider or other elements.

[0029] In FIG. 2, neutral axis 226 is indicated the same as longitudinal axis X. For
a completely symmetrical crank assembly 200, the neutral axis 226 is along the geometric
center (longitudinal axis X), whereas in other geometries, this must be experimentally or
analytically determined. For maximum bend sensing, first and second bend-sensing gauges

222, 224 are located farther away from neutral axis 226.
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[0030] Additional strain gauges may be added to increase the sensitivity of the
system. For example, FIG. 3 depicts an additional strain gauge configuration 300 for use with
crank assembly 200 of FIG. 2, in one embodiment. Strain gauge configuration 300 attaches to
crank assembly 200 in the same location 230 (referring to FIG. 2) and orientation as first and
second bend-sensing strain gauges 222, 224 of FIG. 2. Strain gauge configuration 300
includes first and second bend-sensing strain gauges 222, 224, as discussed above with
respect to FIG. 2, as well as third and fourth bend-sensing strain gauges 302, 304. Third
bend-sensing strain gauge 302 is located between first bend-sensing strain gauge 222 and
neutral axis 226. Fourth bend-sensing strain gauge 304 is located between second bend-
sensing strain gauge 224 and neutral axis 226.

[0031] FIG. 4 depicts an additional strain gauge configuration 400 for use with
crank assembly 200 of FIG. 2, in one embodiment. Strain gauge configuration 400 attaches to
crank assembly 200 in the same location 230 (referring to FIG. 2) and orientation as first and
second bend-sensing strain gauges 222, 224 of FIG. 2. Strain gauge configuration 400
includes first and second bend-sensing strain gauges 222, 224, as discussed above with
respect to FIG. 2, as well as third and fourth bend-sensing strain gauges 402, 404. Third
bend-sensing strain gauge 402 is located adjacent to, and symmetrically opposed to, first
bend-sensing strain gauge 222 at the same distance from neutral axis 226. Fourth bend-
sensing strain gauge 404 is located adjacent to, and symmetrically opposed to, second bend-
sensing strain gauge 224 at the same distance from neutral axis 226. Configurations 300 and
400 increase the sensitivity of the sensed strain detected by the strain gauges.

[0032] Using additional shear- and/or axial-sensing strain gauges allows
compensation for asymmetries, non-design loads, and imperfections in manufacturing (e.g.,
of the crank assembly 200 and/or gauges 222, 224, 302, 304, 402, 404) based upon additional
data obtained by the shear- and axial-sensing strain gauges. Configurations 300 and 400 are
set up such that first, second, third and fourth bend-sensing strain gauges are coupled in a
full-Wheatstone bridge, or two half-Wheatstone bridges

[0033] FIG. 5 depicts an additional strain gauge configuration 500 for use with
crank assembly 200 of FIG. 2, in one embodiment. Strain gauge configuration 500 attaches to
crank assembly 200 in the same location 230 (referring to FIG. 2) and orientation as first and
second bend-sensing strain gauges 222, 224 of FIG. 2. Strain gauge configuration 500
includes first and second bend-sensing strain gauges 222, 224, as discussed above with
respect to FIG. 2. Strain gauge configuration 500 also includes third and fourth bend-sensing
strain gauges 402, 404, as discussed above with respect to FIG. 4. First, second, third, and
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fourth bend-sensing strain gauges 222, 224, 402, 404 may be coupled together in a first full-
Wheatstone bridge, or first and second half-Wheatstone bridges.

[0034] Strain gauge configuration 500 also includes first, second, third, and fourth
axial-sensing strain gauges 502, 504. 506, 508. Second axial-sensing strain gauge 504 is
rotated 90 degrees with respect to first axial-sensing strain gauge 502. Third axial-sensing
strain gauge 506 is rotated 90 degrees with respect to second axial-sensing strain gauge 504,
and 180 degrees with respect to first axial-sensing strain gauge 502. Fourth axial-sensing
strain gauge 508 is rotated 90 degrees with respect to third axial-sensing strain gauge 506,
180 degrees with respect to second axial-sensing strain gauge 504, and 270 degrees with
respect to first axial-sensing strain gauge 502. In general, two of the axial-sensing strain
gauges are horizontally oriented along the longitudinal axis Z., and two of the axial sensing
strain gauges are vertically oriented. First, second, third, and fourth axial-sensing strain
gauges 502, 504, 506, 508 are located along neutral axis 226 and may be coupled together in
a second full-Wheatstone bridge, or third and fourth half-Wheatstone bridges.

[0035] Strain gauge configuration 500 also includes first, second, third, and fourth
shear-sensing strain gauges 510, 512, 514, 516. Shear-sensing gauges are most sensitive to
torsion of crank 202, or in other words twisting of crank 200 about the X axis. First shear-
sensing strain gauge 510 is located between first and third bend-sensing strain gauges 222,
402 and second shear-sensing strain gauge 512. Second shear-sensing strain gauge 512 is
located between first shear-sensing strain gauge 510 and neutral axis 226. Second shear-
sensing strain gauge 512 may be oriented such that it is mirrored vertically with respect to
first shear-sensing strain gauge 510. Third shear-sensing strain gauge 514 is located between
second and fourth bend-sensing strain gauges 224, 404 and fourth shear-sensing strain gauge
516. Fourth shear-sensing strain gauge 516 is located between third shear-sensing strain
gauge 514 and neutral axis 226. Fourth shear-sensing strain gauge 516 may be oriented such
that it is mirrored vertically with respect to third shear-sensing strain gauge 514 and in the
same orientation as second shear-sensing strain gauge 512. First, second, third and fourth
shear-sensing strain gauges 510, 512, 514, and 516 may be coupled together in a third full-
Wheatstone bridge, or fifth and sixth half-Wheatstone bridges.

[0036] FIGs. 6A-C depict additional strain gauge configurations 600, 650, 670 for
use with crank assembly 200 of FIG. 2, in alternate embodiments. Strain gauge
configurations 600, 650, 670 attach to crank assembly 200 in the same location 230 (referring
to FIG. 2) and orientation as first and second bend-sensing strain gauges 222, 224 of FIG. 2.

Strain gauge configurations 600, 650, 670 include first and second bend-sensing strain gauges
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222,224, as discussed above with respect to FIG. 2. Strain gauge configurations 600, 650,
670 include third and fourth bend-sensing strain gauges 302, 304, as discussed above with
respect to FIG. 3. First, second, third, and fourth bend-sensing strain gauges 222, 224, 302,
304 may be coupled together in a first full-Wheatstone bridge, or first and second half-
Wheatstone bridges.

[0037] Strain gauge configurations 600, 650, 670 also include first, second, third,
and fourth shear-sensing strain gauges 602, 604, 606, 608. First shear-sensing strain gauge
602 is located between third bend-sensing strain gauge 302 and second shear-sensing strain
gauge 604. Second shear-sensing strain gauge 604 is located between first shear-sensing
strain gauge 602 and neutral axis 226. Second shear-sensing strain gauge 604 may be
oriented such that it is mirrored vertically with respect to first shear-sensing strain gauge 602.
Third shear-sensing strain gauge 606 is located between fourth bend-sensing strain gauges
304 and fourth shear-sensing strain gauge 608. Fourth shear-sensing strain gauge 608 is
located between third shear-sensing strain gauge 606 and neutral axis 226. Fourth shear-
sensing strain gauge 608 may be oriented such that it is mirrored vertically with respect to
third shear-sensing strain gauge 606 and in the same orientation as second shear-sensing
strain gauge 604. First, second, third and fourth shear-sensing strain gauges 602, 604, 606,
608 may be coupled together in a second full-Wheatstone bridge, or third and fourth half-
Wheatstone bridges.

[0038] Strain gauge configuration 600 also includes first, second, third, and fourth
axial-sensing strain gauges 610, 612, 614, 616. First and second axial-sensing strain gauges
610, 612 are located along neutral axis 226 offset, towards the bottom bracket, from the bend-
sensing and shear sensing strain gauges. Third and fourth axial-sensing strain gauges 614,
616 are located along neutral axis 226 offset, away from the bottom bracket, from the bend-
sensing and shear sensing strain gauges. Second axial-sensing strain gauge 614 may be
rotated 90 degrees with respect to first axial-sensing strain gauge 610. Third axial-sensing
strain gauge 614 may be rotated 90 degrees with respect to fourth axial-sensing strain gauge
616. In general, two of the axial-sensing strain gauges are horizontally oriented along the
longitudinal axis Z, and two of the axial sensing strain gauges are vertically oriented. First,
second, third, and fourth axial-sensing strain gauges 610, 612, 614, 616 may be coupled
together in a third full-Wheatstone bridge, or fifth and sixth half-Wheatstone bridges.

[0039] Strain gauge configuration 650 is similar to strain gauge 600, however
each of first, second, third, and fourth axial-sensing strain gauges 610, 612, 614, 616 are

located along neutral axis 226 and offset towards the bottom bracket. Strain gauge
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configuration 670 is also similar to strain gauge 600, however each of first, second, third and
fourth axial-sensing strain gauges 610, 612, 614, 616 are located offset from neutral axis 226
and offset towards the bottom bracket. It should be appreciated that strain gauge
configuration 670 could be modified such that the axial-sensing strain gauges are offset from
the natural axis and away from the bottom bracket as well.

[0040] FIG. 7 depicts an additional strain gauge configuration 700 for use with
crank assembly 200 of FIG. 2, in one embodiment. Strain gauge configuration 700 attaches to
crank assembly 200 in the location 230 (referring to FIG. 2) and orientation as first and
second bend-sensing strain gauges 222, 224 of FIG. 2. Strain gauge configuration 700
includes first and second bend-sensing strain gauges 222, 224, as discussed above with
respect to FIG. 2, which may be coupled together in a first half-Wheatstone bridge.

[0041] Strain gauge configuration 700 includes first and second axial-sensing
strain gauges 702, 704. Second axial-sensing strain gauge 704 is rotated 90 degrees with
respect to first axial-sensing strain gauge 702. First and second axial-sensing strain gauges
702, 704 are located along neutral axis 226 and may be coupled together in a second half
Wheatstone bridge.

[0042] Strain gauge configuration 700 also includes first and second shear-
sensing strain gauges 706, 708. First shear-sensing strain gauge 706 is located between first
bend-sensing strain gauge 222 and neutral axis 226. Second shear-sensing strain gauge 708
may be oriented such that it is mirrored vertically with respect to first shear-sensing strain
gauge 706. Second shear-sensing strain gauge 708 is located between second bend-sensing
strain gauge 224 and neutral axis 226. First and second shear-sensing strain gauges 706, 708
may be coupled together in a third half Wheatstone bridge.

[0043] A duplicate of configuration 700 may be placed adjacent to configuration
700 thereby resulting in four of each of the bend-, shear-, and axial-sensing strain gauges. In
such an embodiment, the bend-, shear-, and axial-sensing strain gauges may be coupled
together in respective first, second, and third full-Wheatstone bridges.

[0044] In each of configuration 300-700, a calibration procedure may be carried
out with variety of known loads to determine how each gauge set responds to these loads.
Then, when real-life pedal forces are applied to the crank, it is possible to determine the loads
of interest. These loads of interest are typically the moment causing corresponding to the
bike’s input power, as well the axial load and direction acting on the pedal as the crank

rotates.
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[0045] In a cycling application, the loads applied to the crank are due to loads
being applied to the pedals. By the very nature of the pedal and crank design, these applied
forces are offset from the crank and thus do not produce a pure bending moment about the
longitudinal axis Z of the crank assembly 200. Instead, this pedal offset causes several
simultaneous applied loads that include, but are not limited to bending, torsion and axial
loads. This is further compounded by the fact that individual cyclists have their own applied
force profile as their legs move to produce a crank revolution. In general, the applied pedal
forces aren’t perpendicular to the crank and they may include axial and torsional components
as well. The purpose of the multi-gauge sensors and the calibration is to separate these loads
so that the bending moment of interest, axial forces and pedal offsets are accurately
estimated.

[0046] In the above discussion of FIGs. 2-7, it should be appreciated that more or
fewer strain gauges may be implemented, in additional configurations without departing from
the scope hereof. Where the figures depict a given strain gauge, it should be understood that
each individual depiction may represent a single strain gauge, or a pair of strain gauges joined
together, or more than two strain gauges joined together without departing from the scope
hereof. Moreover, where a given strain gauge is depicted on the neutral axis 226, it should be
appreciated that such strain gauge may also be offset from the neutral axis 226 without
departing from the scope hereof. Further, where a given strain gauge is depicted offset from
the neutral axis 226, it should be appreciated that such strain gauge may also be located on
the neutral axis 226 without departing from the scope hereof. Utilizing such configurations
allows for one set of strain gauges to be a primary set of strain gauges. Secondary set(s) of
strain gauges may then be utilized to augment the accuracy of the primary set. For example,
the primary set may be any of the bend-sensing strain gauges discussed above, with the
secondary set being any of the shear- or axial-sensing strain gauge sets. This combination
allows for increased accuracy and efficiency while accommodating any variable, such as

shape, size temperature, of crank assembly 200.

Temperature Compensation:

[0047] Varying temperatures affect several aspects of strain gages differently
based on gage materials and backings. These fall into the categories of zero offset shift,
changes in the gage factor (the electrical response compared to the mechanical response)
sensitivity, and change in material properties at temperature. For passively compensated

sensing such as half bridges, full bridges, or other expansions that are passively compensated,
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the thermal error is a combination of changes in lead wire resistance and variance in the
thermal response of the gage. As such by taking a minimum of two data points it is possible
to linearly regress a zero offset shift versus temperature. For single gages which have a non-
linear temperature response this method is expanded to include a non-linear regression to
appropriately match. During operation, temperature measurements of the gage or the
underlying material can be made and using the regression the zero offset may be
compensated for.

[0048] If the crank is made from high thermally conductive materials, like
aluminum, it is possible to take a temperature reading at a nearby site and assume that all
gages are this temperature. For materials with low thermal conductivity, like carbon,
measurements at the gage sites may be required and the same method of compensation can be
used.

[0049] The strains measured may include one or all of bend, axial and shear, and
may be multiplied by coefficients and then added together to determine the applied torque.
These coefficients may be determined from calibration. A different calibration procedure is
used to determine different coefficients that may be used to determine the applied axial forces
or other load of interest. These coefficients are slightly sensitive to temperature. To determine
their sensitivity to temperature, calibrations can be performed at different temperatures. For
example, a calibration could be performed at room temperature and then in an oven and/or in
a freezer.

[0050] A change in temperature can also affect the calibration values by
modifying the gauge factor response or the modulus of a material. It is possible to
compensate via linear or non-linear means by combining these two effects and measuring the
response to calibration at various temperatures. This results in changes to the calibration
factors that can be interpolated during operation in order to increase accuracy.

[0051] Accordingly, in addition to each of the above discussed strain gauges,
crank assembly 200 may further include one or more temperature sensors. A single
temperature sensor may be used in high thermally conductive materials. Alternatively,
multiple temperature sensors may be used such that a temperature sensor is located next to

each of, or a group of, the strain gauges discussed in FIGs. 2-7, above.

Electronics module for use with strain gauges:
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[0052] FIG. 8 depicts an exemplary strain gauge electronics module 800, in one
embodiment. Strain gauge electronics module 800 includes a housing 802 housing strain
gauges 804, additional sensors 806, and electronics 808.

[0053] Housing 802 may be permanently installed onto a crank (e.g. crank
assembly 200 of FIG. 2). Alternatively, housing 802 may be a part of an aftermarket device
and be installed using the installation methods of, and include one or more features of, the
housing discussed in PCT/IB2015/002099 with respect to housing 302 and installation
features thereof.

[0054] The strain gauges 804 may include any of the strain gauge configurations
discussed above with regards to FIGs. 2-7, or any other configuration of strain gauges. Strain
gauges 804 are coupled to controller 810 of electronics 808. Controller 810 may operate to
control operation of strain gauges 804, and also communicate power readings 812 to a rider.
Power readings 812 may be based on the data obtained from strain gauges 804 and optionally
sensors 806, to arider. In one example of operation, power readings 812 are transmitted via a
wireless interface 814 to one or more of a smart phone 816, bike computer 818, or computer
820. Power readings 812 may also be sent over hardwired communication lines as well.
Strain gauges 804 may be incorporated with housing 802, or may be located exterior thereto
and attached to the crank at a different location. For example, the strain gauges 804 may be
built into the crank, and housing 802 may be attached thereafter and electrically coupled to
strain gauge leads once installed.

[0055] Strain gauges 804 may, in certain embodiments, include a thermal
conductive pillow (see thermal conductive pillow 822 of FIG. 8) mounted on top thereof (a)
to improve measurement of gauge temperatures and corresponding electronic thermal
compensation, (b) to improve dissipation of heat generated by strain gauges 102 during
measurement, and (c) is used where the printed circuit board assembly has very uniform
thermal dissipation characteristics. In an alternative embodiment, a thermally non-conductive
pillow may be used to provide thermal isolation of strain gauges 804 to reduce localized
thermal gradients from heat sources near the gauges. For example, the thermally non-
conductive pillow may be used where a printed circuit board assembly has components that
may create large thermal gradients that impact the strain gauges 804. One or more thermal
sensors may be positioned on strain gauges 804 to improve temperature measurement
accuracy for electronic thermal compensation of measurements. A soft pillow layer may be

included to prevent mechanical damage to strain gauges 804 by reducing localized forces on
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strain gauges 804. For example, clamping forces used during installation may be spread over
a larger area by a soft pillow to avoid damage to strain gauges 804.

[0056] Additional sensors 806 may include the temperature sensors discussed
above, as well as inertial sensors such as those discussed in PCT/IB2015/002099, which is
attached hereto as Appendix A. Other sensors than an inertial sensor may be used as well,
such as magnetic reed switches or Hall effect sensors to measure angular velocity or cadence.
Additional sensors 806 may further include sensor inputs from various sensors utilized by the
rider. For example, sensors 806 may include data from aerodynamics, wind, inclination,
heart rate, VO2max, etc. so that the efficiency of a cyclist may be determined by controller
810. Such sensor data may be hardwired to housing 802, or may be transmitted wirelessly
using wireless interface 814.

[0057] Electronics 808 may include the controller 810, as well as a power supply
824 and any other circuitry required to implement the Wheatstone bridges used with strain
gauges 804. Power supply 824 may be a battery or other rechargeable power source.

[0058] Controller 810 may include power management logic for controlling
operation of various devices housed in housing 802. For example, the power management
logic 826 may configure the strain gauges 804 according to various frequency sampling rates.
During certain phases of the pedaling motion, the recorded strain levels are changing at a
very slow rate, thus lower sampling rates may be utilized. During other parts of the pedal
stroke however, the gauges may be experiencing rapidly changing loads and thus must be
sampled more quickly. This variable sampling rate strategy could also be applied for different
cadence rates, different riding styles and different road types.

[0059] Alternatively (or in addition to), power management logic 824 may switch
on or off one or more of the strain gauges discussed above with respect to FIGs. 2-7 such that
only a portion of the strain gauges are operable at a given time. For example, if it is observed
that the contribution of one or more sets of gauges (typically the secondary gauges such as
the shear-sensing or axial-sensing strain gauges discussed above) are not contributing
materially to the output power measurement, these sets of gauges could be turned off.
However, in different load applications, these secondary gauges may have significant
correctional effects and thus should be included. Another situation occurs whereby not
including a certain set of strain gauges sets affects the accuracy by a known factor. This
known factor may then be applied as a correction factor and thus the accuracy is preserved

while the energy saving is achieved.
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[0060] Additionally, power management logic 824 may include a learning
algorithm whereby repeated patterns in the data produced by strain gauges 804 are
recognized. For example, consistent pedal strokes by the rider may provide similar data
outputs by the strain gauges 804. Accordingly, the sampling rate of the strain gauges 804, or
particular strain gauges 804 which are turned on may be altered to reduce the power used by

strain gauges 804 at these repetitive patterns.

Bicycle-powered electronics module:

[0061] Power management may be crucial to the life span of the device 800. For
example, where electronics module 800 is included on a stationary training bike in a training
gym, it may be tedious to frequently change the battery of the power supply 824. Therefore,
power supply 824 may be rechargeable using various bicycle powered energy generators.
Such bicycle powered energy generators include, but are not limited to: mechanically driven
dynamos placed in wheel hubs, axles, bottom bracket of the bicycle frame, pedal spindles;
solar panels placed on the rider, or the bicycle frame, or other part of the bicycle; wind
generators that capture energy while the rider is moving; or piezo-electric energy supplies
attached to the bicycle that creates energy based on bending/stretching of the frame during
riding,

[0062] Such bicycle powered energy generator could be coupled to the power
supply 824 to recharge a rechargeable battery, super capacitor, or other small flywheel
capable of storing energy for use within electronics module 800. Such power supply 824
could include a non-rechargeable back-up battery, as well as the rechargeable battery.
Furthermore, such power supply 824 could be configured to supply power to other electronic
devices on the bicycle, or in use by the user.

[0063] Energy generated by such bicycle powered energy generator could be
transmitted to the power supply 824 using a variety of methods including, but not limited to,
conducting wire, conducting foil, conducting thread, brush contracts to send the power from
the bike frame to the crank assembly 200, or wireless methods including non-radiative means
such as magnetic inductive coupling, magnetic resonance coupling, capacitive coupling, and
radiative far-field wireless using lasers or microwave.

[0064] One example of a bicycle powered energy generator will now be described
in detail. FIG. 9 depicts a bottom perspective view of a bicycle mounted magnetic power
generator system 900, in one embodiment. FIG. 10 depicts a top front perspective view of the

bicycle mounted magnetic power generator system 900, of FIG. 9. FIG. 11 depicts a front
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view of the base ring 916 having magnets 918 used in the bicycle mounted magnetic power
generator system 900, of FIG. 9, in one embodiment. FIG. 12A depicts an exploded view of
the bicycle mounted magnetic power generator system 900, of FIG. 9. FIG. 12B depicts the
strain gauges 804, electronics 914, and coil 912 when mounted on the bicycle mounted
magnetic power generator system 900, without the base portion 1202, in one embodiment.
FIGs. 9-12B are best viewed in light of the following discussion.

[0065] Bicycle mounted magnetic power generator system 900 includes an
electronics module 902 mounted to an inner surface of bicycle crank 904 coupled to a bicycle
frame 906 on bottom bracket 908. Crank 904 is operated via force exerted on a pedal (not
shown) attached to crank 904 at pedal attachment point 910. Electronics module 902 may
include any feature of electronics module 800 discussed above, and be used to operate any
one of strain gauge configurations discussed above with respect to FIGs. 2-7.

[0066] Generator system 900 is shown as a magneto system for generating power.
Electronics module 902 includes at least one coil 912 coupled with a power storage element,
such as a battery. Coil 912 is coupled with electronics 914 for controlling power generation
by coil 912. Coil 912 is mounted on crank 904 such that it is adjacent to a base ring 916
including a plurality of stationary magnets 918(1), 918(2), ... 918(N). Base ring 918 may be
coupled such that is stationary as the crank 904 rotates about bottom bracket 908. For
example, base ring 918 may be mounted directly to frame 906, or to an intermediary part
around bottom bracket 908 such that it does not rotate or otherwise move. As coil 912 is
rotated due to pedaling by the rider, a voltage is generated at the leads of the coil 912 based
upon magnetic fields produced by magnets 918.

[0067] As shown in FIG. 11, base ring 916 is mounted to frame 906 and includes
a plurality of magnets 918(1)-918(N). Although shown with 22 magnets 918, it should be
appreciated that there may be more or fewer magnets without departing from the scope
hereof. Magnets 918 are shown having alternating north (N) and south (S) polarities.
Therefore, as coils 912 pass by magnets 918, the coils generate alternating pulses of voltage
depending on the polarity of the magnet 918. Electronics module 912 then rectify and filter
this single to generate a smooth DC signal for storage in a power storage module (such as a
rechargeable battery in power supply 824 of FIG. 8). The power supply then is capable of
operating one or more electronic devices (such as controller 810 operating wireless interface
814 and strain gauges 804 having any of the configurations discussed above with regards to

FIGs. 2-7). In alternate embodiments, magnets 918 all have the same polarity (e.g. N or S
polarity).
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[0068] Magnets 918 may further include various elements for focusing the
magnetic field produced thereby to increase the power generated through coils 912. For
example, the magnets 918 could include ferrous cups that focus the magnetic field at the coil
912. Additionally, magnets 918 may be formed from various materials to increase the
magnetic field produced thereby. Magnets 918 may be formed of various rare earth metals, or
alternatively may be electromagnets. Furthermore, the magnets 918 may be prism or cone
shaped to focus their magnetic field at coil(s) 912.

[0069] Electronics 914 may further include algorithms for determining various
aspects of the rider’s performance. Where magnets 918 are regularly spaced around ring 916,
the periodic nature of the output signal produced by coil 912 may be utilized by electronics to
determine acceleration, rotation/minute, etc. In other words, coil 912 may be used as a rotary
encoder based on the spacing between magnets 918.

[0070] As shown in FIG. 12A, housing may include a base portion 1202 including
coil mounting location 1204. Base portion 1202 may couple with electronics 914 and be
mounted adjacent strain gauge 804 which is attached to crank 904. In certain embodiments,
base portion 1202 may further include a shield (not shown) for providing a magnetic field
shield such that magnetic field generated by magnets 918 and coil 912 do not interfere with
operation of strain gauges 804. As shown in FIG. 12B, when mounted onto crank 904, the
coils 912 are adjacent strain gauges 804 and only take up minimal physical area on the inner
surface of crank 904. As such, system 900 is easily installed on any crank 904. Therefore,
any crank may be modified to include power generation system 900, and electronics module
800.

[0071] It should be appreciated that in another embodiment, a magnet could be
placed on the crank 904, and one or more coils could be placed in ring 916 and connected to a
power supply located on the frame. This power supply could be utilized to power or recharge
a power supply located on the bicycle (such as on or in the frame 906).

[0072] Coils 912 are located adjacent to magnets 918 and spaced apart from
magnets 918 a given distance. As such, crank 904 may include a spacing element (not shown)
to set the distance that coils 912 are located from magnets 918. It should be appreciated that
the closer the coil(s) 912 are located to magnets 918, the more power that is output at the
leads of the coils.

[0073] Although not shown, electronics 902 may further include an outer housing

that may or may not cover coil 912,
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[0074] FIG. 13 depicts a coil system 1300 for use in the bicycle mounted power
generator 900, of FIGs. 9-12, in one embodiment. Coil system 1300 is an example of coil 912
and includes, stationary coil(s) 1302 surrounding an internal magnet 1304 that is rotatably
mounted on axis 1306. Magnetic fields from magnets 918 within ring 916 (as discussed
above) cause magnet 1304 within coil system 1300 to rotate about axis 1306. This rotation
induces current in coils 1302 to produce an output 1308 at coil leads 1310. In operation, the
magnetic field produced by magnets 918 located in base ring 916 is strong enough to rotate
magnet 1304 about axis 1306, but not strong enough to negatively affect the output 1308 at
coil leads 1310. In alternate embodiments, a magnetic shield may be placed between coils
1302 and base ring 916 such that the magnetic field produced by magnets 918 only affect
magnet 1304 and do not induce electricity in coils 1302.

Combination of Features

[0075] Features described above as well as those claimed below may be combined in
various ways without departing from the scope hereof. The following examples illustrate
possible, non-limiting combinations the present invention has been described above, it should
be clear that many changes and modifications may be made to the process and product
without departing from the spirit and scope of this invention:

[0076] (A) A crank power measurement system measures one or more of force,
torque, power, and velocity of the crank. The system includes a crank, two or more strain
gauges located on a surface of the crank, and electronics for receiving strain data from the
two or more strain gauges and determining at least one or more of bend-strain, shear-strain,
and axial strain.

[0077] (B) In the system denoted as (A), the two or more strain gauges including a
first and second bend-sensing strain gauges located away from opposing sides of the neutral
axis.

[0078] (C) In either of the systems denoted as (A) and (B), the two or more strain
gauges further including a third and fourth bend-sensing strain gauges.

[0079] (D) In the system denoted as (C), the third bend-sensing strain gauge being
located between the neutral axis and the first bend-sensing strain gauge, the fourth bend-
sensing strain gauge being located between the second bend-sensing strain gauge and the
neutral axis.

[0080] (E) In the system denoted as (C), the third bend-sensing strain gauge being

located adjacent and at substantially the same distance away from the neutral axis as the first
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bend-sensing strain gauge, the fourth bend-sensing strain gauge being located adjacent and at
substantially the same distance away from the neutral axis as the second bend-sensing strain
gauge.

[0081] (F) In any of the systems denoted as (A) through (E), the two or more strain
gauges further including a first and second shear-sensing strain gauges.

[0082] (G) In any of the systems denoted as (A) through (F), the first shear-sensing
strain gauge being symmetrically opposed to the second shear-sensing strain gauge.

[0083] (H) In any of the systems denoted as (A) through (G), the two or more strain
gauges further including first and second axial-sensing strain gauges located on the neutral
axis.

[0084] (I) In any of the systems denoted as (A) through (H), the first axial-sensing
strain gauge being rotated 90 degrees from the second axial-sensing strain gauge.

[0085] (J) In any of the systems denoted as (A) through (I), the two or more strain
gauges further including first, second, third, and fourth axial-sensing strain gauges.

[0086] (K) In any of the systems denoted as (J), two of the axial-sensing strain
gauges being horizontally oriented along the crank, and two of the axial-sensing strain gauges
being vertically oriented on the crank.

[0087] (L) In any of the systems denoted as (J) and (K), the first and second axial-
sensing strain gauges being offset from the other strain gauges and towards a bottom bracket
of the crank, and the third and fourth axial-sensing strain gauges being offset from the other
strain gauges away from a bottom bracket of the crank.

[0088] (M) In any of the systems denoted as (A) through (L), the two or more strain
gauges further including first, second, third, and fourth shear-sensing strain gauges.

[0089] (N) In any of the systems denoted as (A) through (M), the two or more strain
gauges including a primary set of strain gauges, and a secondary set of strain gauges.

[0090] (O) In any of the systems denoted as (N), data acquired by the secondary set
of strain gauges being utilized by the electronics to augment the accuracy of data acquired by
the primary set of strain gauges.

[0091] (P) In either of the systems denoted as (N) and (O), the primary set of strain
gauges being bend-sensing strain gauges.

[0092] (Q) In any of the systems denoted as (N) through (P), the secondary set of
strain gauges being axial-sensing strain gauges.

[0093] (R) In any of the systems denoted as (N) through (P), the secondary set of

strain gauges being shear-sensing strain gauges.
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[0094] (S) A bicycle crank mounted power generator for generating power when the
bicycle is being ridden by a user. The bicycle crank mounted power generator includes a base
ring fixedly attached to a frame of the bicycle, the base ring circling a bottom bracket
attached to a crank, a plurality of magnets coupled with the base ring, a coil system attached
to the crank located adjacent to the plurality of magnets such that when the crank rotates
about the bottom bracket, the coil generates an output at leads of the coil, and electronics
configured to manipulate the output to at least one of power an electronic device or store the
output in a power supply.

[0095] (T) In the bicycle crank mounted power generator denoted above as (S), the
plurality of magnets having alternating magnets of opposing polarities.

[0096] (U) In either of the bicycle crank mounted power generators denoted as (S)
and (T), the electronic device being any of the crank power measurement systems of claims
1-18.

[0097] (V) In any of the bicycle crank mounted power generators denoted as (S)
through (U), the power supply being a rechargeable battery supplying power to any of the
crank power measurement systems of claims 1-18.

[0098] (W) In any of the bicycle crank mounted power generators denoted as (S)
through (U), the power supply being a super capacitor supplying power to any of the crank
power measurement systems of claims 1-18.

[0099] (X) In any of the bicycle crank mounted power generators denoted as (S)
through (W), the magnets being electromagnets.

[0100] (Y) In any of the bicycle crank mounted power generators denoted as (S)
through (W), the coil system including an internal magnet that rotates about an axis and
surrounding coils, wherein a magnetic field produced by the plurality of magnets causes the
internal magnet to rotate about the axis thereby producing electricity at output leads of the
coils.

[0101] Changes may be made in the above methods and systems without
departing from the scope hereof. It should thus be noted that the matter contained in the
above description or shown in the accompanying drawings should be interpreted as
illustrative and not in a limiting sense. The following claims are intended to cover all generic
and specific features described herein, as well as all statements of the scope of the present

method and system, which, as a matter of language, might be said to fall there between.
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CLAIMS

What 1s claimed is:

1. A crank power measurement system for measuring one or more of force, torque,

power, and velocity of the crank, comprising:
a crank;
two or more strain gauges located on a surface of the crank; and,

electronics for receiving strain data from the two or more strain gauges and

determining at least one or more of bend-strain, shear-strain, and axial strain.

2. The crank power measurement system of claim 1, the two or more strain gauges
including a first and second bend-sensing strain gauges located away from opposing

sides of the neutral axis.

3. The crank power measurement system of claim 2, the two or more strain gauges

further including a third and fourth bend-sensing strain gauges.

4. The crank power measurement system of claim 3, the third bend-sensing strain gauge
being located between the neutral axis and the first bend-sensing strain gauge, the
fourth bend-sensing strain gauge being located between the second bend-sensing

strain gauge and the neutral axis.

5. The crank power measurement system of claim 3, the third bend-sensing strain gauge
being located adjacent and at substantially the same distance away from the neutral
axis as the first bend-sensing strain gauge, the fourth bend-sensing strain gauge being
located adjacent and at substantially the same distance away from the neutral axis as

the second bend-sensing strain gauge.

6. The crank power measurement system of claim 2, the two or more strain gauges

further including a first and second shear-sensing strain gauges.

7. The crank power measurement system of claim 6, the first shear-sensing strain gauge

being symmetrically opposed to the second shear-sensing strain gauge.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The crank power measurement system of claims 2 or 6, the two or more strain gauges
further including first and second axial-sensing strain gauges located on the neutral

axis.

The crank power measurement system of claim 8, the first axial-sensing strain gauge

being rotated 90 degrees from the second axial-sensing strain gauge.

The crank power measurement system of claims 3, 4, 5, the two or more strain gauges

further including first, second, third, and fourth axial-sensing strain gauges.

The crank power measurement system of claim 10, two of the axial-sensing strain
gauges being horizontally oriented along the crank, and two of the axial-sensing strain

gauges being vertically oriented on the crank.

The crank power measurement system of claim 10 or 11, the first and second axial-
sensing strain gauges being offset from the other strain gauges and towards a bottom
bracket of the crank; and the third and fourth axial-sensing strain gauges being offset

from the other strain gauges away from a bottom bracket of the crank.

The crank power measurement system of any of the above claims, the two or more
strain gauges further including first, second, third, and fourth shear-sensing strain

gauges.

The crank power measurement system of claim 1, the two or more strain gauges

including a primary set of strain gauges, and a secondary set of strain gauges.

The crank power measurement system of claim 14 wherein data acquired by the
secondary set of strain gauges is utilized by the electronics to augment the accuracy of

data acquired by the primary set of strain gauges.

The crank power measurement system of claim 14, the primary set of strain gauges

being bend-sensing strain gauges.

The crank power measurement system of claim 16, the secondary set of strain gauges

being axial-sensing strain gauges.

The crank power measurement system of claim 16, the secondary set of strain gauges

being shear-sensing strain gauges.
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19.

20.

2].

22.

23.

24.

25.

A bicycle crank mounted power generator for generating power when the bicycle is

being ridden by a user, comprising:

a base ring fixedly attached to a frame of the bicycle, the base ring circling a bottom

bracket attached to a crank, a plurality of magnets coupled with the base ring;

a coil system attached to the crank located adjacent to the plurality of magnets such
that when the crank rotates about the bottom bracket, the coil generates an

output at leads of the coil;

electronics configured to manipulate the output to at least one of power an electronic

device or store the output in a power supply.

The bicycle mounted power generator of claim 19, the plurality of magnets having

alternating magnets of opposing polarities.

The bicycle mounted power generator of claim 19, the electronic device being any of

the crank power measurement systems of claims 1-18.

The bicycle mounted power generator of claim 19, the power supply being a
rechargeable battery supplying power to any of the crank power measurement systems

of claims 1-18.

The bicycle mounted power generator of claim 19, the power supply being a super
capacitor supplying power to any of the crank power measurement systems of claims

1-18.
The bicycle mounted power generator of claim 19, the magnets being electromagnets.

The bicycle mounted power generator of claim 19, the coil system including an
internal magnet that rotates about an axis and surrounding coils; wherein a magnetic
field produced by the plurality of magnets causes the internal magnet to rotate about

the axis thereby producing electricity at output leads of the coils.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO1L 5/22; GO1L 3/24; A61B 5/22; A61B 5/68; B62J 6/06; B62M 3/08; B62M 6/45 (2017.01)

CPC-  GO1L 5/22; A61B 5/22; A61B 5/221; A61B 5/68; A61B 5/6895; A61B 2560/0247; A61B
2562/0219; A61B 2562/0261; A63B 22/0605; A63B 2022/0611; A63B 2220/51; A63B 2220/833;
B60L 11/00/2; B62J 6/06; B62K 2207/00; B62M 3/08; B62M 6/45: B62M 6/50; B62M 6/55; GO1L
1/00; GO1L 1/12; GO1L 1/122; GO1L 1/2231; GO1L 1/2237; GO1L 3/24; GO1L 3/242; GO1L 3/245;
GO1L 5/03; GO1L 5/16; GO1L 5/225; GO1L 25/006; HO2K 21/24 (2017.02)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2016/030768 A2 (4111l INNOVATIONS INC.) 03 March 2016 (03.03.2016) entire document | 1-11, 14-18

X US 2005/0285461 A1 (KITAMURA et al) 29 December 2005 (23.12.2005) entire document 19, 20, 24, 25

A US 5,909,781 A (YONEKAWA et al) 08 June 1999 (08.06.1999) entire document 1-11, 14-20, 24, 25

A US 8,316,709 B2 (GRAB) 27 November 2012 (27.11.2012) entire document 1-11, 14-20, 24, 25

A US 8,825,279 B2 (KITAMURA et al) 02 September 2014 (02.09.2014) entire document 1-11, 14-20, 24, 25

A US 2011/0109206 A1 (LI) 12 May 2011 (12.05.2011) entire document 1-11, 14-20, 24, 25

A US 2012/0330572 A1 (LONGMAN) 27 December 2012 (27.12.2012) entire document 1-11, 14-20, 24, 25

D Further documents are listed in the continuation of Box C. D See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E" earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L” dpcgment W}l‘)il":hhmﬁy thrg]w dq.uubt‘sj on pl;jority }:;laim(s). or whicl;‘is step when the document is taken alone
otec to establish the publication date of another citation or other «y» gocument of particular relevance; the claimed invention cannot be
special reason (a.s specified) . _ considered top involve an inventive step when the document is

“Q” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P” document published prior to the international filing date but laterthan «g » i
the priority date claime &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
06 July 2017 -' 8 _,UL 2077
Name and mailing address of the ISA/US Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, VA 22313-1450
L. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2017/023454

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. EI Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 12, 13, 21-23
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet(s).

1. K‘ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest EI The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

K‘ No protest accompanied the payment of additional search fees.
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Continued from Box No. Ill Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-11, 14-18, drawn to a crank power measurement system.
Group I, claims 19-20, 24-25, drawn to a bicycle crank mounted power generator for generating power.

The inventions listed as Groups I-ll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of the Group
| invention: a crank power measurement system for measuring one or more of force, torque, power, and velocity of the crank, comprising
two or more strain gauges located on a surface of the crank; and, electronics for receiving strain data from the two or more strain gauges
and determining at least one or more of bend-strain, shear-strain, and axial strain as claimed therein is not present in the invention of
Group II. The special technical feature of the Group I} invention: a bicycle crank mounted power generator for generating power when
the bicycle is being ridden by a user, comprising: a base ring fixedly attached to a frame of the bicycle, the base ring circling a bottom
bracket attached to a crank, a plurality of magnets coupled with the base ring; a coil system attached to the crank located adjacent to the
plurality of magnets such that when the crank rotates about the bottom bracket, the coil generates an output at leads of the coil;
electronics configured to manipulate the output to at least one of power an electronic device or store the output in a power supply as
claimed therein is not present in the invention of Group |.

Groups | and Il lack unity of invention because even though the inventions of these groups require the technical feature of a crank
mounted power system, this technical feature is not a special technical feature as it does not make a contribution over the prior art.

Specifically, US 5,909,781 A (YONEKAWA et al) 08 June 1999 (08.06.1999) teaches a crank mounted power system (when a rider on
the bicycle B applies power to the pedals 81a and 81b to move the power-assisting device-equipped bicycle A, the human power loaded
on the pedals 81a, 81b is transmitted through the crank arms 81, 82 and crank shaft 80 to the rotation force control unit T in the casing
30, col. 15, lines 66-67, col. 16, lines 1-3).

Since none of the special technical features of the Group | or Il inventions are found in more than one of the inventions, unity of invention
is lacking.
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