US 20160039496A1

a2y Patent Application Publication o) Pub. No.: US 2016/0039496 A1

a9 United States

Hancock et al.

43) Pub. Date: Feb. 11, 2016

(54) COMPONENTS, SYSTEMS AND METHODS
OF BICYCLE-BASED NETWORK
CONNECTIVITY AND METHODS FOR
CONTROLLING A BICYCLE HAVING
NETWORK CONNECTIVITY

(71) Applicant: Fallbrook Intellectual Property
Company LL.C, Cedar Park, TX (US)

(72) Inventors: David Barton Hancock, Austin, TX
(US); Christopher M. Vasiliotis, Austin,
TX (US); Brian Benjamin Sweet,
Leander, TX (US); Charles B. Lohr,
Austin, TX (US); Daniel J. Dawe,
Austin, TX (US); Eric Tanner, Hutto,
TX (US); Jeremy Carter, Austin, TX
(US); Jeffrey A. Birchak, San Diego,
CA (US); Wayne Leroy Contello,
Austin, TX (US); Russell Charles
Whisler, Austin, TX (US); Kevin Alan
Gust, Austin, TX (US); Matthew R.
Bazyn, [eander, TX (US)

(21) Appl. No.: 14/818,040
(22) Filed: Aug. 4, 2015

Related U.S. Application Data

(60) Provisional application No. 62/033,575, filed on Aug.

5,2014.

Publication Classification

(51) Int.CL
B62M 23/00 (2006.01)
B6OW 10/08 (2006.01)
B6OW 10/10 (2006.01)
GOIS 19/25 (2006.01)

FI6H 61/02 (2006.01)
FI16H 59/44 (2006.01)
FI16H 59/66 (2006.01)
GO1S 19/19 (2006.01)
B62M 6/50 (2006.01)
B6OW 30/188 (2006.01)
(52) US.CL
CPC oo B62M 23/00 (2013.01); B62M 6/50

(2013.01); B6OW 10/08 (2013.01); B6OW 10/10
(2013.01); B6OW 30/188 (2013.01); F16H
61/0204 (2013.01); F16H 59/44 (2013.01):
FI16H 59/66 (2013.01); GO1S 19/19 (2013.01);
GO1S 19/25 (2013.01); F16H 2059/666
(2013.01); B60W 2520/10 (2013.01); B6OW
2550/143 (2013.01); B60OW 2550/406
(2013.01); B6OW 2710/081 (2013.01); B6OW
2710/1005 (2013.01); B6OW 2510/244
(2013.01); B60W 2720/10 (2013.01)

(57) ABSTRACT

A bicycle configured for communication with other bicycles,
a centralized server, client computing devices and third party
servers allows the rider to be connected with friends, coaches/
trainers, and third party vendors including vendors associated
with lodging, food, and other conveniences, vendors associ-
ated with bike servicing, equipment, warranties, and other
bike related products and services, and vendors associated
with routes, areas or destinations. Information may be com-
municated in real time or stored in memory and communi-
cated to servers, client devices, other riders, etc., at a later
date. Information may be communicated to the bike control-
ler for route planning, service scheduling, training purposes
and the like. Information communicated to or from the
bicycle may be performed as indicated by the rider or there
may be predetermined rules or guidelines for what informa-
tion is collected and to whom the information may be sent to
or received from.

412
§410

| OBTAIN LOCATION INFORMATION

414
0 S
CELLULAR TRIANGULATION |
OBTAIN TERRAIN INFORMATION
MEMORY J~416 |

§430

OBTAIN BICYCLE INFORMATION

40 145

OBTAIN RIDER INFORMATION

§450

OBTAIN TARGET ROUTE INFORMATION

<455

150-1
- 140
| ANALYZE A SELECTED ROUTE | 10
<460
150-2 &
| OBTAIN RIDE INFORMATION
@ A0 468
1
1
]

RECORD RIDE INFORMATION

_i(\—»@}/mo
R

SHARE/COMPARE WITH OTHER RIDERS

E 482

D484



US 2016/0039496 A1

Feb. 11,2016 Sheet1 of 9

Patent Application Publication

IOl

vl



US 2016/0039496 A1

Feb. 11,2016 Sheet2 of 9

Patent Application Publication

JOSNAS
ITALHNOIA

coz—"] SdD ¢ Ol
A
¥OSSHIOUd [Nz
Y
NOILVNJOdNI | & DNISNAS
NOILVDOT OILANOIL
och %NV
NOLLY W IOANT
et I NOTLYINYOANI
A1DADIM 4100y
SNV Ommv
NOIIVIMO4NI | i NOLLVIAIOANI
NIVIIAL ¥aard

ONN.M

S mmw

HOIAHA

ENV

miv

0O/1

m_NV




US 2016/0039496 A1

Feb. 11,2016 Sheet 3 of 9

Patent Application Publication

¢ "OlId
TE0PE bST 70T 97 95 S
%)) (NdY) )] (AN ) AIvd
FONVISIA | 94ds Tvadad | IONVLSIA [ dnOI0L addads AvVAH
TVLOL XVIN XVIN XVIN XVIN DONILLSTY
01001
V¢ 'OIld /N-Sm
K| 9 W IS 8EELS
L € d 0 E9v1
S z N 44 01001
AdAL TIAS MAANTD a0V d1 dadard

Nomm

NQum

Nomm

Nomm

Nﬁ:m
ﬁﬁ-oom



US 2016/0039496 A1

Feb. 11,2016 Sheet 4 of 9

Patent Application Publication

ag "Old
L9SY 1LE9 €l ¢ L 0€ €8T
ar 41.noy S¥aard % % % () ar
AIVNIAILTY | O dFIINNN | 9 TONV ITLL XVIN | ANTTOEA XVIN | ANTTONT XVIN | ADNVISIA A1LN0OA
O€ Ol 008
8 08 €€:96:0 $9 %
4 ov €001 01 ¢
0 001 0r:TI:T €8 4
01 SL 9€:60:T 0L [
001 -0 DASNIN-IH (A aard
AdO1S ONIIVY ¥ASN ANILL TONVLSIA 01001

£-00¢



US 2016/0039496 A1

Feb. 11,2016 Sheet 5 of 9

Patent Application Publication

€01 6t €1 z 0 q

I [1:g 9- L a

6L SO'TI I+ 0 D

48! 6 8+ 9+ d

LS £0'9 P+ T+ v .

: A€ "OIA

(M) SSININ % %

YAMOd DAV HNILL ‘DAY AdOTS XVIN | 4dOTS ‘DAY INANDAS
v€Z1 ALNOYA _
1//|©éom
()
HONVLSIA

L 9 S ¥ ¢

A

)
Gle[aNARINY




US 2016/0039496 A1

Feb. 11,2016 Sheet 6 of 9

Patent Application Publication

SYAArd ¥HH.LO HLIA HIVdINOD/AdVHS

omwv »

NOILIVINHOANI 4d1d 4004

0Ly A

ﬁlw

NOLLVINYOANI 4dId NIVLdO

oovv

HLNOY AALIATIS VHZATVNY

mva

NOLLVWIOANI H1110Y LHOYVL NIVLIO

ova

NOILLVINIOINI J9drd NIvLdO

owwv /

NOIIVINHOANI A'TOADII NIVLAO

AOWIN |

Sv\/_

omvmv /

0¢s1

NOILVINONVIIL IV INTTID

NOLLVINHOANI NIVIddL NIVLdO

omvv

v:uV

YAAIHDOHY SdD

NOILVIWAOANI NOLLVDO1 NIVLHO

v OId

N:uv

o:uV



US 2016/0039496 A1

Feb. 11,2016 Sheet7 of 9

Patent Application Publication

091

SLOHddd A4003d

SO

cmmN

A )
n\ QEM SLOTLIA TINSVAN
NOILVINYOINI NIVI¥AL
£06D 4100 1SNfaV
3
NOLLYWHO4NI NOLLYDO'1 0T8> 4/ _H__H__H_
906>

NOLLVINIOANT 41.N0Y9 LADYVL

A

c05>

NOILVINGOANI 41004
pogD

NOLLYIAMOANI ¥AATd
€0s> /

NOLLVINMOINI NIVLIO
NOLLVIMOANI ST A > -
01s

208>



Patent Application Publication  Feb. 11,2016 Sheet 8 of 9 US 2016/0039496 A1

622

FIG. 6




Patent Application Publication  Feb. 11,2016 Sheet 9 of 9 US 2016/0039496 A1

700
FIG. 7

727 1-N
2




US 2016/0039496 Al

COMPONENTS, SYSTEMS AND METHODS
OF BICYCLE-BASED NETWORK
CONNECTIVITY AND METHODS FOR
CONTROLLING A BICYCLE HAVING
NETWORK CONNECTIVITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Patent Application No. 62/033,
575, filed Aug. 5, 2014. This application is related to U.S. Pat.
No. 8,321,097, U.S. Pat. No. 8,506,452, and U.S. patent
application Ser. No. 11/669,081. The disclosures of all of the
above-referenced prior applications, publications, and pat-
ents are considered part of the disclosure of this application,
and are incorporated by reference herein in their entirety.

BACKGROUND
[0002] 1. Technological Field
[0003] Embodiments disclosed herein may be directed to a

web-based bicycle, including embodiments incorporating the
advantages and benefits of a continuously variable transmis-
sion or an electric motor.

[0004] 2. Description of the Related Art

[0005] Global Positioning Systems or Global Navigation
Satellite Systems (GPS/GNSS) provides location and time
information anywhere on Earth where there is an unob-
structed line of sight to four or more GPS satellites. GPS/
GNSS systems are found in smart phones as well as dedicated
positioning devices, and are increasingly being integrated in
vehicles.

[0006] Many vehicles today include a transmission or other
assembly configured with multiple selectable gears. Shifting
is typically performed either manually, such as commonly
found with bicycles, or automatically, such as commonly
found in automobiles.

[0007] Manually shifting is generally performed in the
absence of a load and involves a person disengaging the
power source from the transmission, shifting gears and then
re-engaging the power source. Disengaging the power source
may be as simple as a user stopping or slowing pedaling, or
may involve a user depressing a clutch. An advantage to
manual shifting is the user determines when to shift, which
may allow the person to anticipate when a shift will be needed
and then execute the shift. Automatic transmissions typically
operate in a reactive mode. That is, when there is a change in
the either the power being applied or the load experienced by
the transmission, the transmission can sense this change,
disengage from the power source or the load (or both) and
shift accordingly before reapplying the power or re-engaging
the load. For vehicles having a powerful engine, reactive
shifting is acceptable. However, for vehicles having a smaller
motor, or for bicycles in which the rider provides at least some
of the power, this is less than ideal. In fact, cyclists using
manual transmissions (e.g. a front set of gears, a rear cog, and
two shifting levers) and approaching an increased slope or
grade might shift to a lower gear prior to reaching the
increased slope in order to maintain a higher cadence in order
to maintain momentum or speed.

[0008] Riders are constantly looking for ways to improve
the riding experience.
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SUMMARY OF CERTAIN EMBODIMENTS

[0009] A bicycle having network connectivity may have
access to a wide range of information. Computing devices,
including client devices such as laptop computers, handheld
devices, tablets, etc., and servers including third party servers,
may access information generated by a multitude of bicycles
with controllers having network connectivity. Information
shared between controllers and other computing devices may
be used to improve a rider’s ride as well as improve future
rides. Embodiments disclosed herein may use location infor-
mation, terrain information, rider preferences, biometric
information and bicycle information to improve a rider expe-
rience. Recorded information about a ride may be shared with
acoach or trainer, an equipment provider, a third party such as
a warranty provider, a service provider, a retail merchant
targeting riders (e.g., restaurants, apparel, lodging, equip-
ment), etc.

[0010] Location information including GPS information
may be used to determine a location of the rider, the speed of
the rider, the bearing of the rider (the direction in which the
rider is traveling or has traveled), and other ride information.
Location information and a topographical map may also be
used to predict terrain changes that will affect the ride. Terrain
changes may include an increase in elevation, a grade, etc., or
adecrease in elevation, a grade, etc. Rider preferences includ-
ing an intended use (e.g., commuting, performance training,
sport, touring, leisure, etc.), preferred terrain, preferred dis-
tance, etc., may be used to determine a route. Biometric
information may include information about the current physi-
cal performance of the rider, as well as in comparison with
previous rides. Bicycle information may include information
about the particular equipment or configuration of a bicycle.
Using these sources of information, embodiments may tailor
or adjust a ride to better suit a rider’s needs.

[0011] In some embodiments, two or more of location
information, biometric information, rider preferences, terrain
information and bicycle information may be analyzed
together to achieve anticipatory shifting of a transmission to
meet the rider’s intended use, in which a controller is able to
anticipate a change in terrain and adjust the speed ratio of the
transmission prior to encountering the change in terrain.
Embodiments may analyze this information to determine one
or more courses of action.

[0012] A courseofaction for an increase in elevation, grade
or slope may include adjusting a speed ratio to encourage a
higher cadence before the bicycle reaches the terrain change.
In embodiments having a continuously variable transmission,
adjusting a speed ratio may include determining a present
speed ratio of the transmission, and determining a desired
speed ratio based on the present speed ratio and an expected
change of grade of the route or determining a desired rate of
change of the speed ratio from the present speed ratio to the
desired speed ratio. Adjusting a speed ratio may also include
adjusting the speed ratio to maintain a desired speed or
momentum during the change of grade, which may include
determining a desired rate of change of the speed ratio of the
transmission. In embodiments having a motor or other power
source, a course of action may include increasing speed,
torque, or power generated by the motor to increase momen-
tum of the bicycle before the bicycle reaches the terrain
change. In these cases, increasing the cadence, power, torque,
or speed before the bicycle reaches the terrain change allows
the rider to maintain a continuous speed or continuous
cadence, or otherwise meet the rider’s intended use.
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[0013] A course of action for a decrease in elevation, grade
or slope may include adjusting a speed ratio to a lower
cadence before the bicycle reaches the terrain change. In
embodiments having a continuously variable transmission,
adjusting a speed ratio may include determining a present
speed ratio of the transmission, and determining a desired
speed ratio based on the present speed ratio and an expected
change of grade of the route or determining a desired rate of
change of the speed ratio from the present speed ratio to the
desired speed ratio. Adjusting a speed ratio may also include
adjusting the speed ratio to maintain a desired speed or
momentum during the change of grade, which may include
determining a desired rate of change of the speed ratio of the
transmission. In embodiments having a motor or other power
source, a course of action may include decreasing speed,
torque, or power generated by the motor to reduce momentum
of'the bicycle before the bicycle reaches the terrain change. In
these cases, decreasing the cadence, power, torque, or speed
before the bicycle reaches the terrain change allows the rider
to maintain a continuous speed or otherwise meet the rider’s
intended use, may increase the efficiency or range of the
motor or bicycle, and allows the cyclist to maintain control
over the bicycle for improved safety.

[0014] Embodiments may use location information to
determine areas on a route in which automatic shifting,
including anticipatory shifting, is not practical. For example,
a route may be substantially flat but with many slight eleva-
tion changes (e.g., a route having less than 5 meters of eleva-
tion change per kilometer, no grade greater than 1%), etc.
These elevation changes may be less than the resolution of a
GPS system, or a GPS system may only change elevation in
increments of a minimum size. In these situations, a system
having access to location information and a topographical
map may determine that maintaining a constant a speed ratio
may improve the efficiency of the transmission, a motor
coupled to a transmission, or a bicycle having a motor and
transmission. Embodiments may lock or otherwise hold a
speed ratio constant through these portions of a route.
[0015] Data sampling may be based upon the route, the
terrain, the rider or some other criteria other than time. A
controller may determine that continuous data sampling is
undesirable due to power constraints, and may adjust a data
sampling rate accordingly. The first time a route is ridden,
data sampling may be at a first rate, and subsequent rides by
the same or different riders may increase or decrease the
sampling rate. Over a flat route (or portion thereof), data
sampling may be minimized. Over varied terrain, data sam-
pling may be increased to get an improved profile of the route
for future rides.

[0016] Communication between a bicycle and other
bicycles, a central server, client computing devices, and third
party servers may be managed based on various criteria. A
controller in a bicycle may determine that streaming infor-
mation to another controller or computing device is undesir-
able due to power constraints or connectivity. The controller
may determine that streaming does not take place, or only
streaming along selected portions of a route. The controller
may store information for later uploading or communication
with other controllers or computing devices.

[0017] Advantageously, the use of location information in
conjunction with bicycle information allows embodiments of
abicycle to anticipate not only when to shift gears or adjust a
speed ratio, but how much to shift or a rate of change for
adjusting a speed ratio, or even when to not shift or adjust a
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speed ratio. Accordingly, embodiments may operate in modes
not possible using existing systems and approaches.

[0018] Some embodiments disclosed herein may be imple-
mented in a computer program product comprising at least
one non-transitory computer readable medium storing
instructions translatable by at least one processor to perform
a method described herein.

[0019] Some embodiments disclosed herein may be imple-
mented in a system, comprising one or more computing
devices and a data system coupled to the one or more com-
puting devices over a network. In some embodiments, the
data system may comprise a processor configured to commu-
nicate with controllers, sensors, actuators, motors, and other
control and power components on bicycles. The processor
may also communicate with a single user bicycle as well as
other bicycles. The processor may communicate using cellu-
lar networks, Wi-Fi networks, radio-frequency technology, or
some other wireless technology using various protocols and
techniques. In some embodiments, the processor may be fur-
ther configured to generate an interface for presenting infor-
mation to a user.

[0020] In one embodiment provided herein, a bicycle
includes a frame, two wheels supported by the frame, a trans-
mission, a bicycle speed sensor, and a controller communi-
catively coupled to the transmission and the bicycle speed
sensor. The controller has a processor and a non-transitory
memory storing a set of instructions executable by the pro-
cessor to obtain rider information, obtain bicycle information
including information from the bicycle speed sensor, obtain
location information associated with the bicycle, obtain ter-
rain information associated with the location information,
and in response to an anticipated change in terrain, cause a
change in a ratio of the transmission.

[0021] In another embodiment, a method for controlling a
transmission of a bicycle by a controller is provided. The
controller is communicatively coupled to a bicycle speed
sensor and the transmission. The method includes obtaining
rider information, obtaining bicycle information including
information from the bicycle speed sensor, obtaining location
information associated with the bicycle, obtaining terrain
information associated with the location information, con-
trolling the transmission according to a control scheme for the
rider, and in response to an anticipated change in terrain,
causing a change in a ratio of the transmission.

[0022] In still another embodiment provided herein, a
bicycle includes a frame, two wheels supported by the frame,
a drivetrain configured to propel the bicycle, and a controller
communicatively coupled to a network. The controller has a
processor and a non-transitory memory storing a set of
instructions executable by the processor to obtain rider infor-
mation for a rider of the bicycle, obtain bicycle information,
determine location information associated with the bicycle,
and obtain terrain information associated with the location
information. The set of instructions also includes instructions
executable by the processor to determine a set of routes for
presentation to the rider based on the rider information, the
bicycle information, the location information, and the terrain
information, and present the set of routes to the rider.

[0023] In still a further embodiment, a controller is pro-
vided for use with a bicycle having a frame, two wheels
supported by the frame, and a drivetrain for propelling the
bicycle. The controller is communicatively coupled to a net-
work and configured to communicate with a GPS receiver to
determine a location of the bicycle, communicate with a map
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source and determine terrain information based upon the
determined location of the bicycle, receive information about
the bicycle, and determine a set of routes available to a rider
based on the location of the bicycle, the terrain associated
with the location of the bicycle, and at least one performance
characteristic of the rider.

[0024] These, and other, aspects will be better appreciated
and understood when considered in conjunction with the
following description and the accompanying drawings. The
following description, while indicating various embodiments
and numerous specific details thereof, is given by way of
illustration and not of limitation. Many substitutions, modi-
fications, additions or rearrangements may be made within
the scope of this disclosure, and the disclosure includes all
such substitutions, modifications, additions or rearrange-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 depicts a high level diagram, illustrating a
system for providing communication among controllers,
computing devices and servers associated with a web-enabled
bicycle according to one embodiment;

[0026] FIG. 2 depicts a block diagram illustrating compo-
nents useful for communications to and from a web-enabled
bicycle according to another embodiment;

[0027] FIGS. 3A-3F depict tables and graphs, illustrating a
method for segmenting information associated with a web-
enabled bicycle according to yet another embodiment;
[0028] FIG. 4 depicts a flow diagram, illustrating one
embodiment of a method for route planning with a web-
enabled bicycle;

[0029] FIG. 5 depicts a flow diagram, illustrating one
embodiment of a method for adjusting a control scheme or
route;

[0030] FIG. 6 depicts a diagram of a bicycle coupled to a
trailer, illustrating a system employing a plurality of commu-
nicatively coupled web-enabled vehicle systems according to
one embodiment; and

[0031] FIG. 7 depicts a perspective view of one embodi-
ment of a controller integrated with a hand grip, illustrating a
system and method for communication with other web-en-
abled bicycles and computing devices.

DETAILED DESCRIPTION

[0032] Various features and advantageous details are
explained more fully with reference to the non-limiting
embodiments that are illustrated in the accompanying draw-
ings and detailed in the following description. Descriptions of
well-known starting materials, processing techniques, com-
ponents and equipment are omitted so as not to unnecessarily
obscure the features and advantages they provide. It should be
understood, however, that the detailed description and the
specific examples, while indicating preferred embodiments,
are given by way of illustration only and not by way of
limitation. Various substitutions, modifications, additions
and/or rearrangements within the spirit and/or scope of the
underlying concepts will become apparent to those skilled in
the art from this disclosure.

[0033] As used herein, the terms “comprises,” “compris-
ing,” “includes,” “including,” “has,” “having” or any other
variation thereof, are intended to cover a non-exclusive inclu-
sion. For example, a process, product, article, or apparatus
that comprises a list of elements is not necessarily limited

2 <
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only those elements but may include other elements not
expressly listed or inherent to such process, process, article,
or apparatus. Further, unless expressly stated to the contrary,
the use of the term “or” refers to an inclusive “or” and not to
an exclusive “or.”” For example, a condition “A or B” is satis-
fied by any one of the following: A is true (or present) and B
is false (or not present), A is false (or not present) and B is true
(or present), or both A and B are true (or present).

[0034] Additionally, any examples or illustrations given
herein are not to be regarded in any way as restrictions on,
limits to, or express definitions of, any term or terms with
which they are utilized. Instead, these examples or illustra-
tions are to be regarded as being described with respectto one
particular embodiment and as illustrative only. Those of ordi-
nary skill in the art will appreciate that any term or terms with
which these examples or illustrations are utilized will encom-
pass other embodiments which may or may not be given
therewith or elsewhere in the specification and all such
embodiments are intended to be included within the scope of
that term or terms. Language designating such non-limiting
examples and illustrations includes, but is not limited to: “for

29 < 29 <

example,” “for instance,” “e.g.,” “in one embodiment.”
[0035] At least portions of the functionalities or processes
described herein can be implemented in suitable computer-
executable instructions. The computer-executable instruc-
tions may be stored as software code components, agents or
modules on one or more computer readable media accessible
by a controller associated with a bicycle. A controller may be
communicatively coupled over a network to other computing
devices. As used herein, the term “communicatively coupled”
refers to a connection for transferring information and data
between devices. The connection is not restricted to a perma-
nent or dedicated connection, but may also include temporary
or limited connections. For example, communicatively cou-
pling a server to a controller may indicate there exists a
connection such that an agent or a software module may be
transferred from the server to the controller and the connec-
tion may be terminated. When the controller wants to send
information to the server, a new connection may be estab-
lished, or an existing connection may be activated, etc.
[0036] Embodiments may generally be directed to a bicycle
communicatively coupled to a computer or other information
system via a network (also referred to as a “web-based
bicycle” or “web bike”). However, those skilled in the art will
appreciate that many of the features and advantages described
herein may be realized on other types of vehicles including,
but not limited to, tri-cycles, light electric vehicle (LEVs),
electric bikes, and other wheeled vehicles. A bicycle, tricycle,
LEV or other vehicle may utilize a continuously variable
transmission. A continuously variable transmission may be
utilized exclusively such that all power passes through the
continuously variable transmission. A continuously variable
transmission (CVT) may be integrated with other transmis-
sions such that a portion of the power passes through the CVT
and a portion passes through the other transmission. A con-
tinuously variable transmission (CVT) may be integrated
with other transmissions such that the power passes through
the CVT and the other transmission. Clutches and other
mechanisms may be used to switch between power paths,
transmissions, etc.

[0037] Embodiments disclosed herein may utilize location
information, terrain information, rider information and
bicycle information to determine control schemes for operat-
ing a transmission in various modes, including using antici-
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patory shifting for a transmission or anticipatory operation of
a motor coupled to the transmission. A control scheme for
operating a bicycle may include route planning Route plan-
ning may be accomplished solely by controllers or systems
described herein, or an intelligent agent, module or other set
of software instructions may be implemented to communi-
cate with and leverage a commercially available application.
Examples of commercial applications that can be down-
loaded or purchased include MapMyRide® and Google®
Maps. In some embodiments, information downloaded from
a third party application may be integrated with information
stored in a central server to provide more accurate route
information. For example, information downloaded from a
third party application might not be updated to reflect detours,
closures, areas under repair, areas with poor conditions, areas
generally unsuited for bicycles (including certain types of
bicycles), etc. Information about a recent detour may be
stored in a central server and compared to the third party
information to determine that there is in fact a detour.

[0038] Users may ride bikes for various reasons. A rider
may use a bike for commuting, sport, recreation, touring,
rehabilitation or some other style. Embodiments may analyze
rider information, terrain information, route information and
bicycle information to assist in customizing the ride based on
the style or the rider’s intended use. Embodiments may fur-
ther leverage the advantages ofa CVT according to the rider’s
intended use or style. Embodiments disclosed herein may be
useful for aggregating, analyzing, exchanging, or otherwise
using information to improve a rider’s experience.

[0039] Rider information may include biometric informa-
tion such as heart rate, blood pressure, age, gender, height,
weight, VO2max, physical challenges (including disabilities
and other permanent or long term challenges or short term
challenges that may be the result of surgery, injury or illness)
or the like. Rider information may also include information
such as past biometric performance information (e.g., maxi-
mum heart rate, minimum heart rate, average heart rate, core
body temperature, breathing rate, etc.), past route perfor-
mance information (e.g., fastest time, maximum bicycle
speed, maximum pedal speed, maximum torque, minimum
pedal speed, minimum torque, maximum power, average
power, split times, distance covered, etc.), terrain preferences,
route preferences, changes in resting heart rate, weight, or
VO2 max or similar performance parameters, and the like.
Rider information as described herein can include one of the
above example parameters, or a combination of the above
example parameters. In one non-limiting example, rider
information includes split times and maximum power gener-
ated. In another non-limiting example, rider information
includes distance covered and route preferences. In some
embodiments, rider information may be normalized. For
example, a rider may have two bicycles for riding on different
terrain, located in different geographic locations, or other-
wise resulting in two sets of rider information for the same
rider. For example, for riders using CVTs, embodiments may
compare tilt angles, speed ratios or other performance param-
eters of the CVT to determine a set of rider information.
Embodiments may aggregate this information into a single
set of rider information or single rider profile to meet the
rider’s intended use. Advantageously, customizing a ride
based on the normalized rider information allows the rider to
ride any bike having features disclosed herein and experience
an improved ride.
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[0040] Terrain information may include information about
altitude, slope or grade, surface (e.g., road, path, trail, etc.),
and include weather conditions such as snow, ice or rain
which could have different effects on different surfaces. Ter-
rain information may also include visibility. For example, a
path through brush will generally have limited visibility,
causing a rider to ride slower. A road on the eastern side of a
mountain or through tall trees may experience darkness ear-
lier than a road on the western side of the same mountain or
passing through plains or passing near a large body of water
having no obstructions. Embodiments of web bikes disclosed
herein may obtain terrain information and customize a ride
based on terrain, allowing a rider to take full advantage of
terrain to achieve his/her riding goals. A server may receive
store information, or an agent or other set of computer
instructions may gather terrain information as needed.
[0041] Route information may include information about
traffic, including traffic volume, traffic constituency, bottle-
neck areas, speed limit, speed information related to other
vehicles on the route (e.g., average speed of cars traveling on
a road, percentage of vehicles that exceed the speed limit on
aroad, etc.), number of other riders who have ridden the route
or a portion thereof, average rating of the route by other riders
who have ridden the route, average speed of other riders who
have ridden the route, maximum speed of other riders who
have ridden the route, average time for other riders to com-
plete the route, and the like. Route information may be gath-
ered by intelligent agents or modules of computer instruc-
tions being executed on controllers and forwarded to a central
server. Route information may be analyzed and tailored to an
individual rider.

[0042] Bike information may include information such as
total distance covered relative to the frame, a component, a
subassembly or the like. Bike information may include a
batch number or other manufacturing tracking number. A
tracking number may allow a manufacturer to compare bike
performance among bikes from the same manufacturing
batch, from the same supplier, etc. Bike information may also
include information about a transmission on the bicycle,
including a continuously variable transmission. Bike infor-
mation about a continuously variable transmission may
include information regarding the range of possible tilt angles
or speed ratios. In embodiments having an electric motor,
bike information may include power capacity (or power level)
of a battery, maximum torque or speed output by a motor or
drivetrain, maximum range of a drivetrain having a motor and
transmission, etc. Bike information may also allow the per-
formance of bicycles or components to be compared.
Embodiments disclosed herein may use bike performance
information in determining an appropriate route. For
example, a bike with wider tires (such as a mountain bike)
may be presented route options that include paths and trails
spanning shorter distances, a bike with thin tires (such as a
road bike) may be presented route options including longer
distances but not on trails or paths, and a bike with mid-sized
tires (such as a hybrid bike) may be presented route options
including paths but not trails and routes spanning mid-range
distances.

[0043] Using the information described above, a ride may
be customized for a rider. The ride may be customized based
on the bicycle being ridden, the route being ridden, a perfor-
mance goal selected by the rider, etc.

[0044] One example illustrating how a ride may be custom-
ized involves the use of heart rate as a base parameter in



US 2016/0039496 Al

selecting and riding a route. It is common for people to
designate a target heart rate or heart rate range for a workout,
and there are existing exercise systems (e.g., treadmills, sta-
tionary bikes) that can adjust the speed, cadence, incline,
resistance or other parameter of the exercise system to ensure
the user’s heart rate does not exceed a maximum heart rate or
stays within a target range. Using embodiments disclosed
herein, a user enters in a parameter indicating a time duration
of'the ride, a controller operably coupled to a bicycle may use
the rider’s heart rate and the designated time duration rate for
determining a route. The controller may also consider other
information, such as other rider information, terrain informa-
tion, route information or bicycle information for determin-
ing the route, including identifying different routes that allow
the user to not exceed a maximum heart rate or keep the heart
rate within a specified range, identifying different routes that
might cause the rider to exceed a maximum heart rate or that
will result in a wide variation in heart rate, identifying routes
based on the experiences and ratings of other riders having
similar goals, preferences, or interests as the rider, identifying
routes based on the bicycle, or some other criteria.

[0045] As mentioned above, heart rate may be used as a
base. However, using other elements of rider information, a
set of routes may be presented to the user for manual selec-
tion, a route may be automatically selected, one or more
routes may be discouraged from use, etc. As an example, if a
user wants to ride for 40 minutes while keeping his/her heart
rate between 120-140 beats per minute (bpm), embodiments
may first determine what kind of bike the user will be riding.
Embodiments may also consider the rider’s performance in
the last few rides to get a better idea of what kind of terrain the
rider is used to, how well the rider adapts to variations in
terrain, what type of surface the rider prefers, and the average
and maximum times the rider has needed to finish the speci-
fied distance. Embodiments may also consider the possibility
for assisting the rider. For example, if the rider is using an
electricity assist bicycle (also commonly referred to as an
e-bike), embodiments may identify a first route that covers 20
kilometers unassisted, 25 kilometers with minor assistance,
or 40 kilometers with more assistance. Alternatively, if the
rider wants to cover a specific distance, embodiments may
determine that the rider may complete the route in 40 minutes
with full assistance, 50 minutes with some assistance, or 60
minutes with no assistance. In some embodiments, it may be
determined that a certain portion of the route is narrow and
has a significant amount of car traffic, and an electric motor
may be used to assist the rider in maintaining a desired (mini-
mum) speed through that portion of the route for safety rea-
sons. Other scenarios are possible. Using this information,
embodiments may automatically select a route for the rider, or
may present options to the rider for selection or approval.

[0046] In some embodiments, a set of routes may be
selected by a controller. Selecting a set of routes by a control-
ler may include identifying routes appropriate for the rider. A
route may be selected (or deselected) based on the rider’s
ability. For example, a rider who has ridden only on roads
with light traffic may be presented with a set of routes that
typically have light to medium traffic, but routes experiencing
heavy traffic or high speed traffic might not be presented. A
route may be selected (or deselected) based on the average
skill level of other cyclists. For example, a route that is typi-
cally used by elite riders due to its challenging nature might
not be presented to a user who is inexperienced or whose past
performance is deemed to be below the skill level needed to
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finish or enjoy the ride. A route that is scenic between two
points may be presented to a rider wanting a nice recreational
ride, whereas a rider who is training and wants to ride between
the same two points may be presented with another route that
has hills, turns or other features but which is not considered
scenic. Embodiments may further consider the number of
cyclists on a route (or projected to be on a route). If several
(independent) riders want to ride the same route, a controller
may communicate with a central server to determine the
number of riders anticipated to be riding the route and accord-
ingly present alternate routes to avoid possible congestion or
may suggest a delayed starting time. Alternatively, the con-
troller, upon determining that multiple riders are wanting to
ride the same route, may communicate with the other con-
trollers (either directly or via a central server or other com-
puting device associated with the other riders) to suggest a
single time for a single group or suggest multiple start times
to group riders having a similar skill level, etc.

[0047] The processes of storing data, analyzing data and
communication may be performed by computer instructions.
A set of computer instructions may be stored in memory
accessible by a controller associated with or integrated with a
bicycle, may be stored in a computing device communica-
tively coupled to a controller, may be stored in a set of servers
communicatively coupled to a controller, or some combina-
tion thereof.

[0048] FIG. 1 depicts a high level architectural diagram,
illustrating a system for providing communications among
controllers 145 (such as controllers 145-1, 145-2, and 145-3),
associated with bicycles 140, client computing devices 150,
third party servers 160 and central server 110.

[0049] In some embodiments, user information may be
stored locally, such as in a controller integrated with a bicycle
or a user device associated with a user, or may be stored as an
agent or module in a central server 110. As depicted in FIG. 1,
controller 145-1 may be integrated into a hub (or other com-
ponent) of bicycle 140-1, controller 145-2 may be coupled to
the handlebar (or other frame member) of bicycle 140-2, and
controller 145-3 may be attachable/detachable to enable use
with any of bicycles 140-3 to 140-N. In some embodiments,
controller 145 may store information about one or more rid-
ers, routes, previous rides, or other information. For example,
controller 145 may store a set of training programs and a set
of user preferences including personal records (PRs), goals,
etc., for a user. Each time the user interacts with controller
145, the user may be presented with this personalized infor-
mation. Storing information as part of an agent or module
may allow a user to take advantage of the functionality of a
web bike using different bicycles.

[0050] In some embodiments, controller 145 has limited
memory, processing power or functionality, but can commu-
nicate with central server 110, client computing devices 150
or third party servers 160 which have memory, processing
power or functionality. In these scenarios, controller 145 may
provide an interface between a user and various analytical
tools. For example, in some embodiments, controller 145
may be communicatively coupled to central server 110, client
computing devices 150, or third party servers 160 via network
130. Communicatively coupling controllers 145 to one or
more of central server 110, client computing device 150, or
third party servers 160 may vary. For example, during a ride,
a user might want to be in constant contact with a coach or
trainer using client computing device 150, and so controller
145 may be communicatively coupled to client computing
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device 150 such that data is continuously being streamed,
packetized, or otherwise sent to client computing device 150.
It should be noted that there may be more than one person
wanting to receive continuous information about a user, and
these people might be using different computing devices.
Accordingly, embodiments may send information that allows
aperson using a first client computing device 150-1 to receive
and process in a first format (e.g., streaming) or containing a
first set of information, allows a second person using a second
client computing device 150-2 to receive and process in a
second format (e.g., packetized or aggregated) or containing
a second set of information, and so forth.

[0051] Central server 110 may refer to a server or set of
servers with the capability to access any information includ-
ing user information, bicycle or equipment information, and
route information, for all users, bicycles and equipment, and
routes.

[0052] Client computing devices 150 may refer to any
device capable of accessing selected information including
user information, bicycle or equipment information, and
route information for a user or selected group of users. In
some embodiments, client computing device 150 may have
memory coupled to a processor and storing a set of instruc-
tions such that client computing device 150 is able to perform
processes including, for example, data collection, data analy-
sis, data aggregation, data presentation, and coordination
among two or more controllers. In other embodiments, client
computing device 150 may have sufficient functionality to
interact with central server 110, controller 145 or third party
servers 160 to communicate information including data and
display or otherwise present information to a user. Informa-
tion can be sent to a first client device (e.g. 150-1) such that a
user is able to access the information in real time. Information
can also be sent to a second client device (e.g., 150-2) such
that a trainer/coach is able to access the information at a later
time. The information may be sent in real time or the data can
be sent at a preselected time, at the request of a user of client
computing device 150, etc. Client computing devices 150
may keep track of warranty information, communicate with
third party servers 160 to schedule service with a third party
vendor, communicate with central server 110 to locate third
party service providers, or communicate with other client
computing devices 150. In some embodiments, client com-
puting devices 150 may receive information about a CVT
used on the bicycle or vehicle. The information may include
information about the speed ratio, torque ratio or other param-
eter of the CVT. In some embodiments utilizing a CVT hav-
ing a plurality of tiltable balls interposed between first and
second traction rings, information may include a tilt angle for
the plurality of balls. Other parameters of a CVT may be
communicated to client computing devices 150 as well.

[0053] Third party servers 160 may refer to any device
capable of accessing, receiving or otherwise obtaining infor-
mation from central server 110, controllers 145, client com-
puting devices 150 or other third party servers 160. Informa-
tion obtained by third party servers 160 may include user
information, bicycle or equipment performance information
and route information. Information sent to any of third party
servers 160 may depend on the type of third party. A third
party server 160 may be associated with a bicycle or compo-
nent manufacturer. Information sent to that third party server
160 may include information about the particular equipment
in use. In some embodiments, third party servers 160 may
receive information about a CVT used on the bicycle or
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vehicle. The information may include information about the
speed ratio, torque ratio or other parameter of the CVT. In
some embodiments utilizing a CVT having a plurality of
tiltable balls interposed between first and second traction
rings, information may include a tilt angle for the plurality of
balls. Other parameters of a CVT may be communicated to
third party servers as well.

[0054] Other information sent to that third party server 160
may include the route(s) on which the equipment has been
used and non-specific information about the user (e.g., gen-
der, weight, age, but not name). A third party server 160 may
be associated with a route. For example, a tourism board may
want to know what restaurants users prefer, which hotels they
stay in, etc. Information sent to a third party server 160
associated with a route may include non-specific information
about the users (e.g., gender, age) and may include informa-
tion about locations at which a user stopped, as well as the
time spent at these locations. The time spent at a location may
be indicative of a user stopping at a scenic point, a restaurant,
a bed and breakfast, etc. Using this information, a third party
server 160 associated with the route may, upon determining
that a user wants to use all or a portion of the route, provide
recommendations, offer deals or coupons, schedule service
for the bicycle, keep track of warranty information, etc.
[0055] Information sent to third party servers 160 may be
controlled or determined by a set of rules or guidelines stored
in central server 110. In some embodiments, central server
110 may control all information, such that information
obtained by third party servers 160 is received from central
server 110. In some embodiments, central server 110 may
communicate an instruction, passcode, key, or the like to
controller(s) 145, client computing devices 150 or third party
servers 160 such that information meeting a predetermined
criteria can be received by third party servers 160. In these
embodiments, information does not need to pass through
central server 110, but instead may go directly to controller
145, client computing device 150, or third party servers 160,
or a copy of the information sent to central server 110 may
also be forwarded to other controllers 145, client computing
devices 150 or third party servers 160.

[0056] FIG. 2 depicts a block diagram illustrating one
embodiment of a controller 145 that includes various hard-
ware, firmware or modules useful for communicating infor-
mation from users associated with bicycles 140 to central
server 110, client computing devices 150 or third party serv-
ers 160. Controller 145 may include rider information module
210, terrain information module 220, route information mod-
ule 230, bicycle information module 240, biometric sensing
module 250 and location information module 260. The con-
troller 145 also includes a processor 205 and a non-transitory
memory (not illustrated) storing a set of instructions execut-
able by the processor 205 to, for example, retrieve informa-
tion from the memory, store information to the memory, and
communicate with one or more of rider information module
210, terrain information module 220, route information mod-
ule 230, bicycle information module 240, biometric sensing
module 250, and location information module 260.

[0057] Rider information may be obtained by controller
145. For example, rider information module 210 on controller
145 may establish communication between controller 145
and input/output (I/O) device 215 such that when a user
interacts with I/O device 215, information is received from
the user, appropriate information is presented to the user
based on the received information. In some embodiments,
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controller 145 may present a graphical user interface (GUI) to
a user. The user may be allowed to enter information in
various ways. For example, manual entry (e.g., a keyboard)
may allow a user to enter information, a port which allows a
thumb drive or other media device storing information to be
connected, or other I/O methods. In some embodiments, con-
troller 145 may be configured to automatically obtain rider
information. For example, rider information module 210 may
communicate with sensors (e.g., fingerprint sensors) or other
equipment (e.g., a device using near field communication)
and compare that information with user information previ-
ously stored to determine an identity of a user. In some
embodiments, rider information module 210 may gather
information, analyze the information, and communicate a
summary of the information to controller 145, which may
reduce processing requirements of controller 145.

[0058] Terrain information may be obtained by controller
145. For example, terrain information module 220 on con-
troller 145 may retrieve maps from memory or communicate
with server 110 or third party servers 160 to obtain maps or
other terrain information. Terrain information module 220
may communicate with location information module 260 to
obtain location information and use that location information
to determine an associated terrain.

[0059] Route information may be obtained by controller
145. For example, route information module 230 on control-
ler 145 may communicate with rider information module 210
to get rider information, communicate with location informa-
tion module 260 to get location information, communicate
with terrain information module 220 to get terrain informa-
tion, and may communicate with server 110, third party serv-
ers 160, or client computing devices 150 to get additional
information necessary to plan a route. In some embodiments,
route information module 230 may only be functional at
selected times. For example, if route planning is coordinated
through client computing device 150 (which may indicate the
route is based on instructions by a coach), route information
module 230 may determine the route and then power down,
hibernate, etc., because there is only one route. If route infor-
mation module 230 is being used to plan a route for a com-
mute to work, route planning module 230 may remain on
throughout the ride in the event there are detours, traffic
slowdowns or other problems such that the rider might want
or need to change a route after the ride has started.

[0060] Controller 145 may communicate with sensors to
determine information about a transmission. Information
may include speed ratio, a tilt angle, a rate of change of a tilt
angle, or some other information related to the performance
of a transmission on the bicycle. In some embodiments,
bicycle information module 240 may be configured to peri-
odically communicate with sensors to receive signals and
compare these signals with signals stored in memory. In some
embodiments, bicycle information module 240 may gather
information, analyze the information, and communicate a
summary of the information to controller 145, which may
reduce processing requirements of controller 145.

[0061] Controller 145 may communicate with a heart rate
monitor, a respiration rate sensor, thermometer, or other bio-
metric sensor 255 to obtain information for controller 145. In
some embodiments, biometric sensing module 250 may be
configured to communicate with a heart rate sensor, a respi-
ration rate sensor or the like at a predetermined rate to gather
information. In some embodiments, biometric sensing mod-
ule 250 may gather information, analyze the information, and
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communicate a summary of the information to controller 145,
which may reduce processing requirements of controller 145.
[0062] Controller 145 may communicate with GPS device
265 or include a GPS receiver to obtain location information.
In some embodiments, location information module 260 may
gather information, analyze the information, and communi-
cate a summary of the information to controller 145, which
may reduce processing requirements of controller 145.
[0063] Information received by controller 145 (including
and information received from any of modules 210, 220, 230,
240, 250 and 260) may be correlated with other information.
For example, terrain information may be correlated with loca-
tion information to determine the slope along a route. Con-
troller 145 may send this information to central server 110,
other controllers 145, client computing device 150 or third
party server 160.

[0064] Information sent to central server 110, other con-
trollers 145, client computing device 150, or third party serv-
ers 160 may be analyzed, aggregated, segmented or otherwise
processed for additional information. Information may be
analyzed as it is received or may be stored for analysis at some
later time.

[0065] In some embodiments, information may be
streamed to central server 110 or may be packetized. Analysis
of'the information may be performed on a particular packet of
information, a segment of a stream of information, or some
other portion of the information. Analysis of rider informa-
tion sent to central server 110 may be used to determine
performance capabilities of the rider as well as categories of
riders, including those riders who do not compete, do not
follow set routes, ride infrequently, or who otherwise do not
fall into a particular category. Analysis of route information
sent to central server 110 may be used to determine, for
example, a difficulty of the route, may be used to identify one
ormore complementary routes or alternate routes. Analysis of
bicycle or equipment information may be used to determine
performance characteristics of the bicycle or components
thereon.

[0066] Aggregation may include gathering information of
varying degrees of granularity. For example, aggregation may
include receiving information about a particular rider on a
particular route on a particular bicycle, and may also include
information about the average speed of a group of riders, the
average speed of a mountain bicycle on flat terrain, etc.
Aggregation may include passively receiving information
from a source or actively requesting information. Aggrega-
tion may be performed as information is received, or may be
performed after some initial analysis. Aggregation may
include stripping any information which could associate the
information to a particular rider, route or piece of equipment.
Information may be aggregated as a singular set, or may be
aggregated based on time, location, gender or other criteria.
Aggregated information may be stored, such as in a reposi-
tory coupled to central server 110.

[0067] Anissue with many existing data collection systems
is the rudimentary nature in which data is diluted down to a
generic output of elapsed time, average heart rate and average
speed. Embodiments disclosed herein may provide greater
analyses for better understanding of a ride. Analysis of route
information may include segmentation. Segmentation of
information may include separating information into two or
more parts or segments according to some criteria other than
time (i.e., laps). Segmentation may occur as information is
received into central server 110 or may occur when informa-
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tion is requested from central server 110. FIGS. 3A-3F depict
tables or graphs, illustrating techniques for segmenting infor-
mation.

[0068] FIG. 3A depicts table 300-1 for storing information
about a set of riders. Column 310 may include a rider identi-
fication number. Column 320 may include information about
a rider, such as age. Column 330 may include information
such as rider gender. Column 340 may include information
such as skill level, experience, or some other criteria. Column
350 may include additional information, such as whether the
rider is a recreational rider (R), a sport rider (S), a commuter
(C), tours (T), or is rehabilitating an injury (M). Table 300-1
is an example of information which may be stored in memory
associated with central server 110. Table 300-1 or portions
thereof may be shared or communicated to controllers 145,
client computing devices 150, or third party servers 160. As
an example, a rider associated with rider ID 10010 may be 22
years old, Male, Skill Level 2, and may be a Sport rider.
Information about the rider associated with rider ID 10010
may be forwarded to a third party server 160 associated with
equipment specialized for sport riders, equipment for a rider
with a skill level of 2, equipment or apparel for male riders,
equipment or apparel popular among 22 year old riders, etc.

[0069] FIG. 3B depicts table 300-2 for storing information
about a particular rider. Table 300-2 may store information
such as the user’s resting heart rate or other biometric infor-
mation, a maximum speed the user has achieved, a maximum
torque the user has achieved, a maximum distance the user
has traveled, and may also include information such as maxi-
mum pedal speed (RPM) achieved on a ride, distance covered
(total), and other information specific to that user. As an
example, a rider associated with rider ID 10010 may have a
resting heart rate of 54 beats per minute (BPM), have
achieved a top speed of 56 kilometers per hour (kph), may
have generated maximum torque of 43 newton—meters
(Nm), may have pedaled a maximum 202 km in a single ride,
may have achieved a maximum pedal speed of 154 revolu-
tions per minute (rpm), and may have traveled a total 034032
kilometers (km). Access to information found in table 300-2
by client computing device 150 may enable a coach to evalu-
ate the training of a rider, determine an appropriate bicycle for
the rider, etc. For example, a coach might want to know at
what rotational speed (cadence) the rider developed the most
power. Access to information found in table 300-2 by third
party server 160 may allow an equipment manufacturer to
evaluate a warranty claim, allow a manufacturer to determine
product limits for upcoming versions or warranty claims,
allow manufacturers to compare product performance, allow
a manufacturer to market a product to a particular group of
users, etc.

[0070] FIG. 3C depicts table 300-3 for storing information
about rides completed by a particular rider. Each row may
correspond to a particular route. Columns may include infor-
mation about distance covered and the time needed to com-
plete the route. In addition, table 300-3 may include a user
rating for the route, a slope for the route, average speed,
average torque, maximum heart rate and average heart rate or
some other biometric, and the like. For example, rider 10010
may have completed four rides. The distance and time for
each ride may be automatically recorded (or communicated)
by controller 145. A user rating may be provided by rider
10010 and recorded (or communicated) by controller 145. A
slope may be determined based upon the distance and time in
comparison with the user rating. Thus, as more riders ride the

Feb. 11, 2016

same route, more information may be gathered and deter-
mined, improving rides for subsequent riders. Access to table
300-3 by client computing device 150 may allow a user (e.g.,
acoach ortrainer) to evaluate arider’s performance relative to
routes having a certain profile. Access to table 300-3 by third
party servers 160 may allow a third party to evaluate warranty
claims, predict service intervals, target specific groups or
types of riders for deals on lodging, service, equipment, etc.

[0071] FIG. 3D depicts table 300-4 for storing information
about a particular route. Each row may correspond to a par-
ticular instance of the route being ridden. For example, a route
may be ridden by a first person on a road bike and a second
person on a mountain bike, or a route may be defined one way
when ridden in summer and defined an alternate way when
ridden during winter, etc. Columns may contain information
such as the route distance, a time needed to complete the
route, a maximum incline (ascent) along the route, a maxi-
mum decline (or descent) along the route, average number of
riders/day, total riders who have ridden the route, peak num-
ber of riders (in-season), peak number of riders (off-season),
average number of riders (in-season), average number of
riders (off-season), average number of riders (per month), etc.
Columns may also include information corresponding to
bicycle performance along the route. Table 300-4 storing
information about a route for users of bicycles having con-
tinuously variable transmissions (CVTs) may include col-
umns storing information about the maximum tilt angle of a
tiltable planet axle. As depicted in FIG. 3D, a route having
Route ID 4283 may cover 35 km, may have a maximum
incline of 7% and a maximum decline of 3%, may have been
ridden by 6371 riders, and an alternate route may be Route ID
4567. Additionally, table 300-4 may be used to record infor-
mation about bicycle performance. For example, table 300-4
may include information corresponding to the operating
parameters of a CV'T, such as that a maximum tilt angle for a
ball-type CVT was 13 degrees. Access to table 300-4 by a
third party server 160 associated with a manufacturer may
allow the manufacturer to identify preferred operating ranges
for future products, evaluate a warranty claim, etc. Access to
table 300-4 by a client computing device 150 may allow a
coach to evaluate training performance, set new goals, etc.
For example, if a rider with a continuously variable transmis-
sion rides route 4283 and records a maximum tilt angle of 17
degrees, that information may be communicated to central
server 110, third party server 160 or client computing device
150 for further analysis of the route, the rider’s performance,
equipment, etc.

[0072] FIG. 3E depicts graph 300-5 associated with infor-
mation for a route. A route may be divided into segments. The
number of segments and the length of each segment may be
based on predetermined criteria. In some embodiments, a
segment may be based upon a number of wheel rotations of a
bicycle (e.g., every 500 wheel rotations), based upon a slope
change (e.g. 1-3 degrees, 4-6 degrees, 7-8 degrees, 9+
degrees), based upon an altitude change (e.g., a new segment
every 50 m of elevation change), or some other criteria. Graph
300-5 depicts an 8 km route divided into five segments, in
which each segment is determined based on a slope or incline.
As shown in FIG. 3E, Segment A has a first slope (slight
incline), Segment B has a second slope (steeper incline),
Segment C is generally flat, Segment D has a third slope
(decline), and Segment E is generally flat. Thus, even though
the route has only a slight slope (slight incline) from start to
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finish, embodiments may segment the route to get a better
understanding of how riders and equipment are performing
along the route.

[0073] FIG. 3F depicts table 300-6 for storing information
about a route, for example a route 1234. Storing information
about a route may include segmenting the route into a plural-
ity of segments (also commonly referred to as “legs™). Table
300-6 depicts information stored for the route segments
depicted in FIG. 3E. Each row may be used to store informa-
tion about a particular segment. Columns may store informa-
tion such as a Segment identification number, a time needed
to complete the segment and an average slope of the segment.
For users of bicycles with CVTs, embodiment may further
store information such as an average tilt angle, a maximum tilt
angle, a maximum tilt angle per revolution, pedal speed (in-
cluding average RPM, maximum RPM, the amount of battery
power needed to complete the ride, the maximum power
draw, the average power draw, the percentage of the route
over which the power was drawn, the differential in power
drawn when a rider’s left leg was at a specific angle as com-
pared to the power drawn when the rider’s right leg was at a
specific angle, etc.), and the like.

[0074] To aid in further understanding the concepts
described herein, an example is provided. A user purchases a
bicycle with a selected drivetrain, wheels, frame, and other
equipment. The user registers with central server 110, includ-
ing providing information about his/her preferences and
information about the bicycle including any components. In
some embodiments, controller 145 may contain functionality
to detect or determine information about one or more com-
ponents and automatically communicate this information to
central server 110. Central server 110 may communicate
warranty information to one or more third party servers 160.
Each time the user rides the bicycle, controller 145 may
communicate with central server 110, client computing
device 150 or third party server 160 to get information about
a route, get training goals, determine stopping points along a
route, etc. Controller 145 then monitors the rider’s perfor-
mance along the route and sends selected information about
the performance to central server 110, client computing
device 150 or third party server 160. Information sent to client
computing device 150 is sent in real time to enable a coach to
see how the rider is performing or how the equipment is
performing Information sent to central server 110 includes
information about the route, the rider, and the bicycle. The
rider or coach/trainer may further receive information indi-
cating the bicycle needs service, may receive an evaluation of
the rider’s performance (either with respect to other rides the
rider has completed along the same route, comparable rides
along other routes, rides by other riders along the same route,
or rides by other riders along comparable routes), or other
information. Central server 110 and/or third party servers 160
may analyze data received from controller 145 to evaluate the
performance of the bicycle or components. Information may
be communicated to client computing device 150 or control-
ler 145 to adjust training goals for the next ride. The process
is repeated each time the user rides the bicycle.

[0075] FIG. 4 depicts a flow diagram illustrating route plan-
ning for use in a control scheme for a bicycle. The control
scheme may be used with a continuously variable transmis-
sion (CVT), such as a continuously variable planetary (CVP)
transmission, which may be coupled to a motor. Route plan-
ning may include using location information, a topographic
map or other source of terrain information, and bicycle infor-
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mation to identify roads and trails to utilize or roads and trails
to avoid. Embodiments of controllers described herein, such
as controller 145, can implement route planning in the man-
ner described with reference to FIG. 4.

[0076] In step 410, location information may be obtained
by a controller (such as controller 145) from a GPS receiver
412, a cellular triangulation system 414, or some other navi-
gation system, or memory 416 and may include elevation,
temperature, sunrise time, sunset time, humidity, wind speed,
wind direction, dew point or other information associated
with a location.

[0077] In step 420, terrain information may be obtained.
Information may be obtained by central server 110 and com-
municated to controller 145, client computing device 150 or
third party server 160, or may be obtained directly by a
controller, such as controller 145 depicted in FIG. 1. Terrain
information includes information about elevation, including
changes in elevation (e.g., grade). Terrain information may
include a topographic map stored in memory 416 integrated
with the bicycle or obtained by communicating with a terrain
information database 406 over a network 405, and may fur-
ther include maximum elevation, minimum elevation, aver-
age elevation, grade, and may also include information about
roads, paths or trails including intersections, railroad cross-
ings, school zones, construction zones, low water crossings,
etc.

[0078] In step 430, bicycle information may be obtained,
such as by central server 110 coupled to controller 145
described above. Bicycle information may be stored in
memory 416 or may be obtained by communicating with
central server 110, a client computing device 150 or third
party server 160 over a network, such as network 405, and
may include information including a range of speed ratios, a
range of torque ratios, a range of power ratios, a battery
charge level, battery maximum current level, average battery
current draw, maximum motor power output and average
motor power output. In some embodiments, controller 145 or
central server 110 may store a data structure correlating tilt
angles for a CVT with speed ratios, torque ratios or power
ratios.

[0079] Instep 440, rider information may be obtained from
user interface 142, from database 406 communicatively
coupled via network 405, or from client computer 150. Addi-
tionally, sensors mounted on a bike may determine additional
information about the rider, including weight, temperature,
heart rate and respiratory rate. Rider information may include
information about a preferred cadence or range of cadence.

[0080] In step 450, target route information may be
obtained by controller 145. A route may be input by a user via
user interface 142, may be obtained from database 406 via
network 405 or may be obtained from friends or other users.
A target route may be determined based on user criteria, and
may be specific or open. A route input by a user may be unique
to the user or known, entered manually, selected from a pre-
determined or preloaded set, or downloaded. A route may be
unique to the rider or may be known, such as a route covered
in an established cycling competition. Examples of open
routes based on user input may involve the user entering a
starting point and a distance, a user entering a time and an
ending point, a loop and a number of laps, or other criteria.
Embodiments may use criteria and determine a route accord-
ingly. The route may be selected to end at the same location as
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the starting point or at some other point. Other examples of
user criteria may include a caloric goal, heart rate or some
other biometric parameter.

[0081] In step 455, analysis of a route over which the user
intends to ride may be performed by one or more of controller
145, central server 110, client computing device 150 or third
party server 160 to derive an actual route. Analysis of a route
may determine that the selected route is not ideal for the user.
For example, a user may enter specific goals. Central server
110 or client computing device 150 may determine that a
road, trail or other route may be longer, shorter, have a greater
elevation change, have a lesser elevation change, may have
steeper grades, may be flatter, or otherwise have an undesir-
able profile for the user to achieve their goal. Third party
server 160 may determine that a battery coupled to an electric
motor on bicycle 140 does not have enough power to last the
entire route. An analysis may be performed of the battery and
CVT (and motor if installed), in embodiments of bikes having
these components. The analysis may determine that operating
the CVT in a range ideal for the rider will draw a certain
average power level or maximum power level. The results of
the analysis may be compared with warranty information or
compared with actual battery levels, etc., to determine if the
ride is acceptable from a warranty perspective or even pos-
sible from a rider perspective. Embodiments disclosed herein
may analyze user input regarding a preferred route profile,
analyze the actual terrain to be encountered on the route,
analyze one or more performance characteristics of a bicycle,
and utilize this information to adjust a performance charac-
teristic of the bicycle to more closely match the desired pro-
file.

[0082] As a specific example, a user may want to train on
hills to improve climbing skills, but live in an area with
generally flat terrain. Thus, even if the user inputs “hill climb-
ing” in a user interface, bicycles are generally unable to fulfill
this goal. Embodiments disclosed herein may take into
account the user criteria for wanting hills, analyze the actual
terrain to determine that hills are not present, gather informa-
tion about a bicycle transmission, and determine how to
adjust the transmission to compensate for the flat terrain and
create a sense of hills. Conversely, if arider lives in a hilly area
and wants to ride a bicycle on flat terrain, embodiments may
adjust the transmission to compensate for the hilly terrain. In
some embodiments, a bicycle having a CVT may change the
CVT to require more torque from a rider to simulate a hill. In
some embodiments, a bicycle having a CVT with a motor/
generator and a battery may simulate hills by configuring the
CVT into a charging mode such that a hill is simulated by the
rider charging the battery viathe CVT. In some embodiments,
a bicycle having a CVT may use a motor to add power such
that flat terrain is simulated to the rider. Furthermore, embodi-
ments may utilize anticipatory shifting such that a rider has
the sensation of riding the selected route even if the route does
not match the actual route.

[0083] Other configurations are possible to ensure the rider
is able to achieve a goal. For example, a rider may select a
mode based on weight loss, increasing VO2max, increasing
endurance, increasing speed or sprinting ability, or the like.
To achieve these goals, embodiments disclosed herein may
determine the actual terrain based on GPS or other location
information in combination with terrain information, identify
aroute, determine the profile of the selected route, determine
the difference between the actual profile and the selected
profile, and adjust a performance characteristic of the bicycle
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to achieve the goal. As an example regarding weight loss,
embodiments may determine a route based on an ideal or
optimized period for exercise (e.g., 30 minutes), determine an
ideal cadence (e.g., between 60-80 rpm) or heart rate (e.g.,
less than 120 bpm) or determine a profile for the route.
[0084] The method or steps described in relation to FIG. 4
may be performed by a controller having a memory for stor-
ing information, a set of computer instructions, and a proces-
sor configured for executing the instructions and capable of
retrieving information from memory, storing information to
the memory, and further capable of communicating with data-
base 406, user interface 142, client computer 150, and other
computers and computing devices over wired or wireless
connections.

[0085] Instep 460, rider information, location information,
terrain information and bicycle information are obtained. In
some embodiments, controller 145 may gather information
about bicycle 140, user 10, or route 468. In some embodi-
ments, central server 110, client computing device 150 or
third party server 160 may send information to controller 145.
A route may be based on the location of the bicycle in con-
junction with the terrain information. A control scheme or
performance map may be initiated for controlling the trans-
mission based on the rider information or the bicycle infor-
mation in conjunction with the terrain information. As the
rider begins riding the route, controller 145 may control shift-
ing of the transmission or motor to achieve the actual route.
Embodiments may adjust a speed ratio according to the con-
trol scheme or performance map to ensure the rider maintains
his/her performance throughout the ride. A control scheme
may include anticipatory shifting, or a performance map may
be based in part on anticipatory shifting. Controller 145 may
also control a motor. Some embodiments may utilize antici-
patory shifting and motor control to ensure the rider achieves
the goal.

[0086] Throughout the ride, in step 470, controller 145 may
record information or communicate information to central
server 110, client computing device 150 or third party server
160. Information may include information about the route,
the weather, the bicycle performance or rider performance.
Information about the route may include the distance trav-
eled, any elevation changes, the grade of any road or trail, or
the roughness or smoothness of the road or path. Bicycle
information and rider information may include how many
times the speed ratio of the transmission changed, what range
of speed ratios was used during the ride, the median speed
ratio, the mean speed ratio, the modes of speed ratios, the
maximum torque experienced by the transmission, the aver-
age torque experienced by the transmission, the range of
torques experienced by the transmission, the maximum
power generated by the rider, the maximum power generated
by the rider, the average power exerted by the rider, the
maximum torque applied by the rider, the average torque
applied by the rider, or the like. Embodiments may further
analyze the bicycle information or the rider information in
conjunction with the route information. In doing so, embodi-
ments may, for example, determine at what cadence the rider
generates the maximum power, and may also determine what
grade of road the rider is able to generate the maximum
power.

[0087] Cyclists frequently discuss rides with other cyclists,
including times, routes and distances. In step 480, cyclists can
take a step further and compare effort, experience, or some
performance characteristic, either directly with other cyclists
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over Bluetooth® or some other near-field communication
482 or 484, via downloading information via network 405 to
computer 150-1 or 150-2, or by allowing others to download
information stored in central server 110 or third party servers
160. A first rider may ride a first bicycle along a first route
having a first profile and a controller may record information
about the route, the weather, rider information, bicycle infor-
mation, or other information. Bicycle 140 may have a plural-
ity of sensors communicatively coupled to controller 145.
The sensors may include sensors for detecting a bicycle
speed, a wheel speed, an input speed to a transmission, an
output speed from the transmission or a speed ratio of the
transmission. Other sensors communicatively coupled to
controller 145 may include a thermometer, a barometer, or
some other weather sensor, or an altimeter, accelerometer or
other spatial sensor.

[0088] Controller 145 is configured to execute a set of
instructions to receive the signals and perform an analysis of
the signals. Embodiments may normalize the information to
take into account information about the route, including the
elevation, temperature, wind speed, wind direction, or other
information in order to record the information into a format
suitable for further analysis.

[0089] The rider may share the information with another
rider, such as via a file sent to a client computer 150 associated
with or accessible by a second rider or downloadable by the
second rider from central server 110 or third party servers
160. The file may include raw information or normalized
information. The second bicycle may use the information to
plan a second route. The second rider may then ride a second
bike along the second route having a second profile. The
second bicycle may use location information and a map of the
second profile to adjust a performance characteristic of the
second bicycle such that the second rider has the experience
of riding the first route. The second bicycle controller may
also normalize information from the second route such that
the information from the first ride and the second ride can be
compared. In some embodiments, the first bicycle or the
second bicycle utilizes a continuously variable transmission
or a transmission/motor combination.

[0090] Safety is another concern for cyclists, as accidents
involving bicycles and automobiles may be fatal to any cyclist
involved. A cyclist knowing his/her location on a map may
adjust his/her speed or take another route. However, a cyclist
in a training run may not want to stop the training run or may
be unable to compensate for the interruption. Embodiments
disclosed herein may alert cyclists to areas or zones of danger
and help mitigate the risks. A bicycle may utilize GPS or other
location information in conjunction with a topographic map
or other terrain information. Embodiments disclosed herein
may determine information about zones of danger and adjust
a training run without requiring input from the user.

[0091] FIG. 5 depicts a flow diagram illustrating one
method for adjusting a control scheme or route based on
location information, terrain information, rider information
or bicycle information. Embodiments of controllers
described herein, such as controller 145, can adjust a control
scheme or route in the manner described with reference to
FIG. 5. Adjusting a training run may include delaying a por-
tion of the training run until after the cyclist has passed
through a zone, shortening a portion of the training run to
ensure the portion of the route is completed before reaching a
zone, adjusting the transmission to a speed ratio best suited
for allowing the cyclist to proceed through a zone safely, or
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providing power to assist the rider in passing through a zone
as quickly as possible. Delaying a portion of the training run
may include adjusting a gear ratio or speed ratio to a ratio that
allows the cyclist to pedal faster through a zone. Shortening a
portion of the training run may include increasing the resis-
tance such that the rider expends the same amount of energy,
but over a shorter distance than originally planned. Adjusting
the training run may include providing a signal, alarm, or
other indicator to the rider to alert them that a danger exists
and that the bicycle will be adjusting the speed ratio and/or
adding power to the system if needed.

[0092] Adjusting atraining run may include suspending the
training run based on the location of the bicycle, the speed of
the bicycle, or some other criteria. Determining when to
suspend automatic shifting may occur before or during a
route. In step 510, controller 145 gathers bicycle information
502, rider information 503, route information 504, target
route information 505, location information 506 and terrain
information 507 and determines a control scheme based on an
analysis of the information. In step 520, controller 145 adjusts
the route or the control scheme based on rider safety 550 or
bike/rider performance 560. Controller 145 may determine
when to suspend automatic shifting of a transmission or
motor, including how to suspend automatic shifting of a trans-
mission or automatic operation of a motor. In step 530, con-
troller 145 measures the effects on rider performance and
bicycle performance. In step 540, the effects of the new con-
trol scheme may be recorded in database 406, communicated
to central server 110, communicated to third party servers
160, or communicated to client computer 150.

[0093] As an example of how embodiments may suspend
automatic shifting or a motor during a training run, if the
bicycle is physically approaching an intersection, a school
zone, etc., the cyclist may want or need to slow down. How-
ever, if the bicycle is in a training mode that includes hill
climbing, the bicycle might be configured for a speed ratio
that could result in the rider speeding through the zone, or
might even try to add power using a motor. As another
example, the bicycle may be physically on a downhill and the
rider is just coasting or crossing an intersection, but the virtual
bike is approaching the base of a steep climb and wants to
apply a braking force to simulate the climb. Embodiments
disclosed herein may include controller 145 configured to
obtain location information, terrain information, rider infor-
mation, and bicycle information. Analyzing location infor-
mation, terrain information and bicycle information enables
controller 145 to recognize that this is an area that is not safe
and the controller may suspend the training program so as to
not turbo boost the bike into the intersection, speed through
the school zone, apply a braking force when the bicycle is in
the middle of an intersection, in a low water crossing, on a
railroad crossing, etc. Suspension of a control scheme may
include maintaining the transmission at the last state before
the bicycle entered a portion of the route in which anticipatory
shifting is undesirable. For example, if the transmission is a
continuously variable transmission, suspending the control
scheme may involve preventing a plurality of tiltable balls
from tilting away from a present state, may involve restricting
the tilt to a few degrees, or may involve changing the tilt angle
to be zero degrees. By way of comparison, if the transmission
is a geared transmission, suspending a control scheme may
involve prevention of gear shifting.

[0094] As mentioned above, embodiments may suspend
automatic shifting of a transmission or operation of a motor
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before the route is started. Thus, ifthe actual route is expected
to exceed a given distance or a specified terrain, controller
145 may select to suspend a mode for all or a portion of the
route. For example, if the actual distance is large, controller
145 may determine that a motor will be unable to perform in
a higher performance mode for the entire distance, and so
controller 145 may suspend the higher performance mode for
the entire route, a portion of the route, or restrict the extent to
which the mode is enabled. Continuing with the example
above, a performance mode may be saved for last few miles or
last portion (e.g., percent, distance, estimated time) of route in
case a rider is struggling and needs help, a performance mode
may be used in first portion and gradually tapered off to make
training progressively harder, a performance mode may ini-
tiate only on inclines greater than 5% grade, or the like. Other
modes may be disabled (i.e., suspended for the entire route).
As examples, if a route is expected to be generally flat, a “hill
climbing” mode may be disabled, or ifa route is purely uphill,
a “battery charging” mode that utilizes power generated by
the rider to charge a battery may be disabled.

[0095] As mentioned above, controller 145 may communi-
cate or record information about a ride. This information may
be used to send information about the route, the bicycle per-
formance or the rider performance to a friend to allow the
friend to simulate the route conditions and compare ride
performances. Information may also be used to determine
performance characteristics of the bicycle under actual oper-
ating conditions. Information obtained by controller 145
about bicycle performance may include average wheel rota-
tion speed, maximum wheel rotation speed, median wheel
rotation speed, an average transmission speed ratio, a maxi-
mum transmission speed ratio, a median transmission speed
ratio, a maximum transmission torque ratio, an average trans-
mission torque ratio, a median transmission torque ratio, a
transmission speed error, a transmission torque error, the total
number of changes in an encoder position, the average num-
ber of changes in an encoder position, the maximum number
of changes in encoder positions per distance, the average
number of changes in encoder position per distance, the maxi-
mum change in encoder position for each change in terrain,
the average change in encoder position for each change in
terrain, efficiency, or the like. Information about the rider may
include maximum power generated, average power gener-
ated, time seated, time standing, heart rate, respiration rate,
and the like. Controller 145 may collect this information
directly orindirectly. Direct collection may occur through the
use of sensors positioned either externally or internally to
other components. Indirect collection may occur by using
signals from selected sensors and deriving other parameters
based on mathematical relationships.

[0096] Information collected by controller 145 may be
communicated in real time to another computer or server, or
information may be stored for later communication and pro-
cessing by a server or computer operatively coupled to
bicycle 140. Information may be processed to identify varia-
tions in riding techniques, and may also reveal variations in
manufacturing processes, vendor products, processes, etc.
For example, if the average number of changes in encoder
position per wheel rotation is 100 and information from a
bicycle indicates it is making 125 changes per wheel rotation,
that difference could be an indication that a spacing, angle, or
other tolerance is too small, there is excessive wear on an axle,
or a sensor is faulty, etc. If the maximum encoder position for
a bicycle indicates a maximum ball axle angle is 50 degrees
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and the maximum encoder position should indicate only 45
degrees, that difference could indicate that a tolerance is too
loose, there is excessive wear on a ball, the calibration is
faulty, etc. Thus, as bicycle 140 is operating, embodiments
may utilize controller 145 to record values for parameters and
use these values to quantify operation of bicycle 140. These
values can be normalized for universal comparison with other
bicycles operating in various environments.

[0097] Embodiments allow users to automatically commu-
nicate information with other riders. Controller 145 allows a
user to input information about a route, a training run, and
other information. Controller 145 is able to store this infor-
mation in order to plan a route and control a transmission
through the route, and also able to send information about the
route, the training run, etc., in real time. The user may input
information such as an intended route, an estimated time to
start the route, an estimated time to finish the route, emer-
gency contact information, the user’s fitness level, the
weather, etc. Controller 145 may send this information to
another rider directly, or may send the information to central
server 110, client computing device 150 or third party server
160 which can then forward the information or store the
information for download by another rider. Controller 145
may also add information to the information being sent.
Added information may include, but is not limited to, position
information, terrain information, weather information,
bicycle information. As the rider progresses along the route,
embodiments may update the information sent to others, or
may record the information and send all the information after
completion of the route. Updating and sending information
while the route is being ridden may encourage others to join,
allow a supporter to watch or meet them at any given point
along the route or allow a coach or trainer to assess how the
cyclist is performing. Information sent after the route has
been completed may be analyzed to assess how a training
program is progressing, determine ideal gear ratios for differ-
ent terrain, get amore accurate determination of VO2max and
other human performance parameters, or the like.

[0098] In addition to recording or transmitting information
about the rider or the route, embodiments may record or
transmit information about bicycle performance. Bicycle
information may be obtained by sampling based on time,
changes in the bicycle performance, changes in rider perfor-
mance, or some other criteria. For example, bicycle informa-
tion may be sampled every time there is a 2 rpm change in
cadence, every 0.5 seconds, every 1 meter of change in ter-
rain, every 5 wheel rotations, etc. This bicycle information
may be correlated with terrain information, weather informa-
tion, or some other factor to normalize the information. For
example, if a first bicycle is travelling at 20 kph up a 2% grade
hill and a friend on a second bicycle is travelling up a 2.2%
grade at 19 kph, embodiments may normalize either or both
speeds to a standardized speed, power, etc. Continuing on, if
both bicycles achieve the same speed on equal downhill por-
tions, embodiments may compare the information and deter-
mine that one rider is in better physical condition. However, if
one bicycle is slower on the downhill as well, embodiments
may compare the information and determine that one of the
bicycles has more friction, which could be the result of low
tire pressure, a flat tire, a chain needing replacement, or some
alignment or servicing condition of the transmission.

[0099] Insome embodiments, a combination of rider infor-
mation and bicycle information may be collected. For
example, monitoring the shift position of a CVP, the shifting



US 2016/0039496 Al

speed, the shift timing history, or the history of different shift
positions may be combined to determine that a rider rode 10
minutes in 240% overdrive, then 5 minutes in 60% under-
drive, etc.

[0100] Bicycles may communicate with nearby bicycles
and other vehicles using Wi-Fi, Bluetooth® or other commu-
nications protocols. Advantageously, bicycles 140 being able
to communicate directly with other bicycles 140 allows riders
to concentrate on other tasks. Information communicated
between bicycles 140 may include route information, rider
information, or bicycle information.

[0101] Route information may include information about
how far into a route a rider has progressed, how much farther
the rider is planning to ride to complete a route or a portion
thereof, the actual route (i.e., roads, trails, legs, rest stops,
etc.).

[0102] Rider information may include information about
the condition or experience of the rider, the power being
generated by the rider, the energy being expended by the rider,
or other performance information. Analysis by one or more
controllers 145 in a plurality of bicycles 140 may use this
information to determine which rider should be in front of a
pack of riders, which riders should try to draft off other
cyclists, a spacing between bicycles for optimum riding and
training, etc.

[0103] Bicycle information may include information
described above. Analysis by one or more controllers 145 in
a plurality of bicycles 140 may use this information to deter-
mine which bicycle 140 has the least overall resistance, which
bicycle 140 is best for climbs, which bicycle 140 is best for
downbhill riding, etc. In some embodiments a single controller
145 performs all analyses. In some embodiments, a plurality
of controllers 145 utilizes distributed computing processes to
divide the analyses.

[0104] Combining the route information, rider information
and bicycle information and analyzing the information may
determine which rider should lead on uphill portions, which
rider should lead on downbhill portions, which rider should
lead on flat portions, which rider is favored in head winds,
etc., including how long the rider should lead.

[0105] Communication may include communicating with a
team car or other vehicle. Communication may include com-
municating any of the route information, rider information or
bicycle described above to a computer 150 in the vehicle or
receiving route information, a program based on the rider, or
information for adjusting the transmission.

[0106] Referring now to FIG. 6, communication may
include communication between components on a bicycle.
Components may include a hub, a transmission, a bottom
bracket, a motor or the like. A bicycle 140 having wheels 610
may be coupled to a trailer 620 to allow the cyclist to push or
tow a trailer. The trailer 620 may have a motor 622 coupled to
transmission 624, such as a continuously variable transmis-
sion, and further communicatively coupled to controller 626.
Embodiments may allow communication between controller
145 on bicycle 140 and controller 626 on trailer 620. In some
embodiments, controller 145 communicatively coupled to
transmission 614 or motor 612 on bicycle 140 may commu-
nicate one or more of a speed ratio, a wheel speed, a bicycle
speed, a torque ratio, or a power generated to controller 626,
and controller 626 associated with trailer 620 may control one
or more of transmission 624 and motor 622 on trailer 620 to
match the speed ratio or power output of bicycle 140 such that
a hitch or other connection between bicycle 140 and trailer
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620 does not sense a tensile force or a compressive force. In
some embodiments, a single controller 145 may control
motors 612 and 622 or transmissions 614 and 624. Advanta-
geously, bicycles and trailers having continuously variable
transmissions may easily cooperate to allow cyclists to pull a
trailer (as depicted in FIG. 6) or push a trailer (not shown).

[0107] Communication between a bicycle 140 and control-
ler 145, a mobile phone, or some other computing device 150,
central server 110 or third party servers 160 may allow for
better security of bicycle 140. For example, if bicycle 140
with controller 145 is communicatively coupled to a comput-
ing device 150, either through radio communications or
through common networks, and someone attempts to move
bicycle 140, controller 145 may send a communication to
alert the owner that someone is attempting to move the
bicycle 140. Embodiments may determine that bicycle 140 is
being moved without permission due to bicycle 140 being out
of Bluetooth® range with a smart phone, failure to pass a
biometric test, failure to enter a correct pattern on a set of
controller buttons, failure to actuate a hand grip to illuminate
a set of LEDs in a desired pattern or configuration, or some
other mechanical, optical, or electronic techniques. If bicycle
140 is stolen, controller 145 may continue to communicate
with other bicycles 140, client computing devices 150, central
server 110 and third party servers 160 to thwart the theft or
retrieve bicycle 140. For example, communication with
bicycle 140 by various third party computers 150 may allow
bicycle 140 to be tracked along routes. Furthermore, embodi-
ments may deactivate all or a portion of the functionality of
bicycle 140 or controller 145 coupled to bicycle 140. For
example, embodiments may oscillate a shifting mechanism
between extreme speed ratios, may allow a drive wheel to
only freewheel, may lock the transmission or a drive wheel
into an uncomfortable or undesirable speed ratio setting, or
may lock out the drive system such that the rear wheel is
unable to spin. Locking the rear wheel may include locking a
continuously variable planetary (CVP) transmission in an
extreme ratio.

[0108] Using functionality and components described
herein, embodiments may allow bicycles 140 to be used in an
accessibility mode for riders with acute or chronic conditions.
For example a rider may have an injured leg that is weaker
than the other leg. Controller 145 may obtain from one or
more sensors a plurality of signals indicating the rider is
unable to generate sufficient power on the injured leg to
propel bicycle 140. For example, controller 145 may receive
signals indicating torque applied to each pedal throughout a
cycle and determine based on a predetermined difference in
applied torques or based on a minimum torque value that one
leg is injured. Accordingly, controller 145 may adjust how
much power should be applied per rotation and apply that
power disproportionally to bicycle 140 as needed to assist the
rider. The application of power may include providing power
at the start to help the bicycle get started and stabilize, and
may provide more power than normal when going up hills or
as needed. As the rider heals, embodiments may control a
bicycle transmission or transmission/motor combination to
assist the rider in rehabilitating the leg. For example, control-
ler 145 may utilize a control scheme in which the rider will
not be able to provide power for the first five minutes in order
to give a rider time to increase circulation, stretch ligaments
or otherwise warm up his/her leg. After the leg is warmed up
the control scheme may switch to require increased power
from the rider using the leg being rehabilitated. Using a CVP,
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embodiments may determine which leg to assist and may
further determine angles of rotation in which to add power,
require more rider power, etc. An advantage is that a rider is
able to rehab the leg outside (instead of riding a stationary
bike in an office). Another advantage is that the rider is able to
receive a rehab program from a physician or other healthcare
provider, implement the program as the physician intended,
record values for the rider’s performance parameters (either
normalized or raw data), and transmit the rider’s performance
parameters to a physician or other healthcare provider office
(i.e., client computing device 150 or third party server 160) so
the rider’s rehab can be accurately assessed.

[0109] Other conditions including chronic health issues or
disabilities may be addressed as well. A rider may enter a
desired program directly to controller 145 or controller 145
may communicate to receive instructions over a network, via
Wi-Fi or Bluetooth®, etc. Embodiments may then customize
operation of bicycle 140 according to the rider’s inputs, or
bicycle 140 may be operated according to a protocol estab-
lished by a healthcare provider, trainer, etc., and communi-
cated to controller 145.

[0110] Embodiments of a system include controller 145
capable of receiving signals from a plurality of sensors, cal-
culating values based on the signals, retrieving information
stored in local memory or in a database communicatively
coupled to controller 145, calculating or otherwise determin-
ing one or more courses of action, control schemes, routes, or
modes, and implementing a course of action, control scheme,
route or mode accordingly.

[0111] Insomeembodiments, a controller (such as control-
ler 145) may be integral with a hand grip or otherwise
mounted on a bicycle handlebar. FIG. 7 depicts a perspective
view of one embodiment of a controller integrated with a
hand grip. Controller 700 may also be referred to as the ratio
controller or the hand grip controller.

[0112] While riding the bicycle, a rider may grip a cover
portion, such as hand grip 702. When the rider wants to alter
the transmission ratio so that more rotations of the pedals (the
input) produce fewer rotations of the rear wheel (the output),
the user rotates hand grip 702. Controller 700 may send a
signal to a hub via wireless communication or as a wired
connection.

[0113] A unique element of the shifter is visual display 720
of the input/output ratio. This is located on a housing 710.
Icon 730 may be presented in display 720. As hand grip 702
is rotated, icon 730 changes angular positioning. This visu-
ally represents the transmission ratio. Thus, if the rider is
operating at maximum pedal rotation, icon 730 may be tilted
ata first angle 730A. If the rider is climbing a steep hill and is
operating at the highest torque ratio, icon 730 may be tilted at
a second angle 730B. Icon 730 may be tilted at any angle
between angles 730A and 730B, including horizontal. Con-
troller 700 may further include GP S receiver 723, cadence
indicator 721, communication transmitter/receiver 725, or
sensors 727-1 to 727-n.

[0114] In some embodiments, a controller may be integral
with a hub or hub interface. In some embodiments, a hub
interface may include GPS receiver, Bluetooth™ receiver,
3-axis accelerometer, or sensors. Those skilled in the art will
appreciate that transmitter/receivers may communicate with
each other wirelessly and may also communicate with other
transmitter/receiver devices.

[0115] The plurality of sensors may include a 3-axis accel-
erometer, a tire pressure sensor, a battery level sensor, a
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battery current draw sensor, a rear view camera, an air quality
sensor, thermometer, barometer or other weather sensor, an
input speed sensor, an output speed sensor, a speed ratio
sensor, an encoder position sensor, a brake wear sensor, or
some other sensor capable of providing information related to
location, terrain, weather, rider health, rider performance,
bicycle state or bicycle performance.

[0116] Insome embodiments, a sensor or other component
may be integral with the bicycle, such as by mechanically,
thermally or chemically coupling the sensor or component to
the frame. In some embodiments, a sensor or other compo-
nent may be integral with a component of the bicycle, such as
by incorporating the sensor or component with other compo-
nents. In some embodiments, a sensor or component may
form part of a mobile computing device that may or may not
be coupled to the bicycle, but is communicatively coupled to
the bicycle. An application (“app”) may be downloaded onto
a smart phone or other mobile computing device 150 and the
app may communicate information to a controller on the
bicycle.

[0117] A GPS receiver may be integral with bicycle 140 or
integral with controller 145 associated with bicycle 140. The
GPS receiver may get location information and communicate
with a controller to determine corresponding terrain informa-
tion. In some embodiments, controller 145 may allow a user
to enter waypoints and may then use these waypoints to
determine location information. Waypoints may be entered in
latitude/longitude or other coordinate system.

[0118] A 3-axis accelerometer may be integral with bicycle
140 or may be communicatively coupled to controller 145
associated with bicycle 140. A 3-axis accelerometer may be
used to determine speed, a bicycle turning, and a grade of a
road. In some embodiments, signals from a 3-axis acceler-
ometer may be analyzed by controller 145 to determine route
information and rider information, and this information may
be used to control the motor and the shifter instead of using
speed signals. Information from a 3-axis accelerometer may
be used for ensuring maximum acceleration in a performance
mode and maintaining some minimum acceptable accelera-
tion in an efficiency mode. For example, using both motor
sensors and transmission sensors, embodiments may accel-
erate bicycle 140 to a preferred cadence using acceleration as
the control signal considering the commanded cadence.
Information from a 3-axis accelerometer may be used to
measure grade, such that, if the rider enters his/her weight, the
controller may use the grade, the acceleration and the rider
weight to calculate torque. Analyzing information from a
3-axis accelerometer in conjunction with a weather sensor
capable of detecting rain, controller 145 may modify accel-
eration in curves due to the inclement weather.

[0119] An altimeter may be integral with bicycle 140 or
may be communicatively coupled to controller 145 associ-
ated with bicycle 140. An altimeter may be used to determine
altitude. Information from an altimeter may be used in con-
junction with information from a 3-axis altimeter or GPS
information to further refine the position information used by
the controller.

[0120] A thermometer, barometer, humidity sensor or other
environmental or weather sensor capable of providing infor-
mation about the environment or weather. Information
received from weather sensors may be used in conjunction
with rider information and bicycle information for customiz-
ing training, including operating in an accessibility mode for
people with injuries, health issues or disabilities. For
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example, a person with a weak heart or with a history of heat
injuries may want to ride, but his/her doctor has instructed
them to not let their heart rate exceed a maximum heart rate or
avoid strenuous exercise. Embodiments may use weather
information to determine the maximum power level that the
rider could expend and not exceed the maximum heart rate
and adjust the control scheme for a transmission, a motor, or
a transmission/motor combination. Other modes could
include a “no sweat” mode to keep the rider from sweating,
which may be advantageous for commuters or individuals
who rely on their bicycles for their businesses. In some
embodiments, information from a thermometer, barometer,
humidity sensor or other environmental or weather sensor
capable of providing information about the environment or
weather may be retrieved by controller 145. In other embodi-
ments, information from a thermometer, barometer, humidity
sensor or other environmental or weather sensor capable of
providing information about the environment or weather may
be sent to central server 110, client computing device 150 or
third party sever 160, and an instruction based on this infor-
mation may be sent to controller 145.

[0121] Other sensors include a fingerprint recognition or
other biometric sensor to allow users to unlock or lock a
bicycle using biometrics, a voice recognition sensor to allow
a user to interact with a controller using voice commands, a
proximity sensor used to turn on a light when the user nears
the bicycle or warn the rider when he/she nears curbs, other
riders, and the like.

[0122] A camera may be used in conjunction with a bicycle
for various functionality. In some embodiments, a camera
may be used to allow a person who wants to ride bicycle 140
to contact the owner of bicycle 140. The person may stand so
his/her face is visible to the owner and the owner, upon
recognizing the person, may send a code to bicycle 140 or
controller 145 with an instruction to unlock bicycle 140. This
embodiment may also allow a bike owner to register bicycle
140 such that the owner does not need a key to unlock bicycle
140. A camera mounted facing the front of bicycle 140 may be
used to record a ride. Terrain or location information may be
included with the camera recording.

[0123] The location of any sensor on bicycle 140 may vary.
For example, sensors may be positioned on the frame of
bicycle 140, including on a subassembly or component that
they are monitoring.

[0124] A coaching application may be used in conjunction
with rider information, terrain information, location informa-
tion, and bicycle information. Using the information, the
coaching application may provide audible information about
how much time or distance is left in a training run or route,
pace, distance, and general motivational sayings.

[0125] Embodiments disclosed herein may be used with
other technology as well to improve the rider experience.
Heads-up display glasses and shields are becoming more
popular. Embodiments disclosed herein may communicate
with any transparent display configurable to display informa-
tion to a user such that the user does not need to look away
from the important viewpoint of the road ahead. In addition to
being able to display information about battery life, estimated
travel distance until a battery is depleted, speed, energy
expended by a rider, rate of energy expended by a rider, heart
rate, and other parametric information, embodiments may
also display digital images superimposed on the route.
[0126] Examples of digital images include, but are not lim-
ited to, highlighting the color of a road to indicate a change in
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terrain, an area that could be dangerous or an area near the end
of'aroute; adding a virtual marker to mark a distance traveled,
a distance left, a midpoint, or the end of a route; a pacesetter
including a virtual image of a cyclist or a line on the ground to
indicate a target time or distance; a marker to indicate when to
start a sprint or a line marking the shortest route, or a support
sign or banner for motivational support.
[0127] A method for using the heads up display in combi-
nation with a bicycle may include a controller determining a
set of markers, cues, goals or references to be presented to a
user. The controller may use location information, terrain
information, rider information and bicycle information to
determine a route. As the route is determined, the controller
may further identify points or areas on the route which will
have a marker, a cue, a goal or a reference for the rider. For
example, the controller may determine that there is a hill on
the route and further determine that there should be a marker
marking the top of the hill. The controller may further deter-
mine large the marker should appear to be to the rider. The
controller may then determine how far away the marker will
be visible to the rider. Determining how far away the marker
will be visible depends not only on the size of the marker, but
on the terrain, whether the route up the hill goes around a
corner such that the marker will not be visible until very close,
whether there are trees or structures in the way, etc. The
controller may then determine how large the marker should
appear when first viewed by the rider. Then, as the rider nears
the location at which the controller has determined the marker
should be in sight, the controller may send a file or set of
instructions to the heads up display for displaying the marker.
As the rider nears the marker, the controller is able to adjust
the size to compensate for the approaching rider such that the
marker appears to be increasing in size.
[0128] As described above, embodiments may use a top of
a hill for a reference point for the marker. Other analyses may
determine that a turn exists by comparing location informa-
tion to identity a location in which a bearing changes or when
there is an abrupt change in both latitude and longitude for a
position. Embodiments may also analyze a topographical
map to identify natural terrain elements such as hills, valleys,
ridges, draws, mountains, valleys, spurs, cuts, depressions,
trees, rivers, lakes, streams, ponds or the like, or man-made
structures such as buildings, bridges, culverts, walls, intersec-
tions, curves in the road, rest areas, railroads or the like.
[0129] Embodiments disclosed herein have been described
as they pertain to a bicycle. However, those skilled in the art
will appreciate that these concepts may be equally useful in
other settings and are thus not to be limited.
What is claimed is:
1. A bicycle comprising:
a frame;
two wheels supported by the frame;
a transmission;
a bicycle speed sensor; and
a controller communicatively coupled to the transmission
and the bicycle speed sensor, the controller having a
processor and a non-transitory memory storing a set of
instructions executable by the processor to
obtain rider information,
obtain bicycle information including information from
the bicycle speed sensor,
obtain location information associated with the bicycle,
obtain terrain information associated with the location
information, and
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in response to an anticipated change in terrain, cause a
change in a ratio of the transmission.

2. The bicycle of claim 1, wherein the non-transitory
memory of the controller further stores a set of instructions
executable by the processor to control the transmission
according to a control scheme for the rider.

3. The bicycle of claim 1, further comprising a motor
communicatively coupled to the controller, wherein the ratio
of the transmission comprises a speed ratio, and wherein the
non-transitory memory of the controller further stores a set of
instructions executable by the processor to change a speed of
the motor and the speed ratio of the transmission in response
to an anticipated change in terrain.

4. The bicycle of claim 1, further comprising a motor
communicatively coupled to the controller, wherein the ratio
of'the transmission comprises a torque ratio, and wherein the
non-transitory memory of the controller further stores a set of
instructions executable by the processor to change a speed of
the motor and the torque ratio of the transmission in response
to an anticipated change in terrain.

5. The bicycle of claim 1, wherein the non-transitory
memory of the controller further stores a set of instructions
executable by the processor to:

determine a portion of a route in which anticipatory shift-

ing is undesirable; and

suspend the control scheme when the bicycle is within the

portion of the route in which anticipatory shifting is
undesirable.

6. The bicycle of claim 5, wherein the set of instructions
executable by the processor to suspend the control scheme
comprises instructions executable by the processor to:

terminate the control scheme; or

maintain the transmission at the last state before the bicycle

entered the portion of the route in which anticipatory
shifting is undesirable.

7. A method for controlling a transmission of a bicycle by
a controller communicatively coupled to a bicycle speed sen-
sor and the transmission, the method comprising:

obtaining rider information;

obtaining bicycle information including information from

the bicycle speed sensor;

obtaining location information associated with the bicycle;

obtaining terrain information associated with the location

information;

controlling the transmission according to a control scheme

for the rider; and

in response to an anticipated change in terrain, causing a

change in a ratio of the transmission.

8. The method of claim 7, wherein the ratio of the trans-
mission comprises a speed ratio.

9. The method of claim 8, wherein the controller is further
communicatively coupled to a motor, and wherein the method
comprises changing a speed of the motor and the speed ratio
of the transmission in response to an anticipated change in
terrain.

10. The method of claim 7, wherein the ratio of the trans-
mission comprises a torque ratio.

11. The method of claim 10, wherein the controller is
further coupled to a motor, and wherein the method comprises
changing a speed of the motor and the torque ratio of the
transmission in response to an anticipated change in terrain.

12. The method of claim 7, wherein the method further
comprises:
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determining a portion of a route in which anticipatory

shifting is undesirable; and

suspending the control scheme when the bicycle is within

the portion of the route in which anticipatory shifting is
undesirable.

13. The method of claim 12, wherein suspending the con-
trol scheme comprises terminating the control scheme.

14. The method of claim 12, wherein suspending the con-
trol scheme comprises maintaining the transmission at the
last state before the bicycle entered the portion of the route in
which anticipatory shifting is undesirable.

15. A bicycle comprising:

a frame;

two wheels supported by the frame;

a drivetrain configured to propel the bicycle; and

a controller communicatively coupled to a network, the

controller having a processor and a non-transitory

memory storing a set of instructions executable by the

processor to

obtain rider information for a rider of the bicycle,

obtain bicycle information,

determine location information associated with the
bicycle,

obtain terrain information associated with the location
information,

determine a set of routes for presentation to the rider
based on the rider information, the bicycle informa-
tion, the location information, and the terrain infor-
mation, and

present the set of routes to the rider.

16. The bicycle of claim 15, wherein the non-transitory
memory of the controller further stores a set of instructions
executable by the processor to:

receive an indication of a route from a rider;

receive at least one signal from a biometric sensor; and

determine at least one alternate route based on the indi-

cated route and the at least one signal received from the
biometric sensor.

17. The bicycle of claim 16, wherein the at least one signal
includes information indicative of a heart rate, and wherein
the processor is configured to determine an alternate route
based on a desired maximum heart rate.

18. The bicycle of claim 16, wherein the at least one signal
includes information indicative of a heart rate, and wherein
the processor is configured to communicate with a central
server to determine an alternate route based on heart rates
associated with other riders that rode the alternate route.

19. The bicycle of claim 15, wherein the bicycle further
comprises a battery, wherein the drivetrain comprises a motor
coupled to the battery, and wherein the non-transitory
memory of the controller further stores a set of instructions
executable by the processor to provide supplemental propul-
sion to the bicycle, via the motor, based at least in part on a
power level of the battery.

20. The bicycle of claim 19, wherein the non-transitory
memory of the controller further stores a set of instructions
executable by the processor to provide supplemental propul-
sion to the bicycle to increase the speed of the bicycle based
at least in part on an indication of desired bicycle speed.

21. The bicycle of claim 15, further comprising a transmis-
sion, wherein the non-transitory memory of the controller
further stores a set of instructions executable by the processor
to control the transmission according to a control scheme for
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the rider and further executable to cause a change in a ratio of
the transmission in response to an anticipated change in ter-
rain.

22. A controller for use with a bicycle having a frame, two
wheels supported by the frame, and a drivetrain for propelling
the bicycle, the controller communicatively coupled to a net-
work and configured to:

communicate with a GPS receiver to determine a location

of'the bicycle,

communicate with a map source and determine terrain

information based upon the determined location of the
bicycle,

receive information about the bicycle, and

determine a set of routes available to a rider based on the

location of the bicycle, the terrain associated with the
location of the bicycle, and at least one performance
characteristic of the rider.

23. The controller of claim 22, wherein the controller is
further configured to communicate with a display to display
information regarding the set of routes.
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24. The controller of claim 22, wherein the controller is
further configured to receive information about a rider and
determine performance characteristics of a rider associated
with the bicycle.

25. The controller of claim 22, wherein the controller is
further configured to, upon receiving an indication from the
rider of a route selection, communicate information to one of
a client computing device, a central server, and a third party
server.

26. The controller of claim 25, wherein the controller is
configured to communicate information to a third party
server, and wherein the third party server is associated with
one of a vendor associated with bicycle service or mainte-
nance, a vendor associated with a route, and a vendor associ-
ated with rider services, equipment or apparel.

27. The controller of claim 22, wherein the controller is
further configured to sense information about a biometric
parameter.



