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Description

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application No. 63/446,579, filed Febru-
ary 17, 2023 and U.S. Patent Application 18/439,087 filed
February 12, 2024.

FIELD

[0002] The present disclosure relates to exercise ma-
chines and methods for controlling exercise machines,
and particularly to exercise machines having adjustable
resistance and incline settings.

BACKGROUND

[0003] Relevant background information can be found
in the following U.S. Patent and Patent Applications:

U.S. Patent Pub. No. 2021/0275866 and U.S. Patent
No. 10,946,238 disclose aspects of exercise ma-
chines having frames, whereby pivoting a first frame
portion relative to a second frame portion changes
a shape of an elliptical path during a striding exercise
motion.
U.S. Patent No. 10,478,665 discloses an exercise
apparatus having a frame and first and second ped-
als that are coupled to the frame so that a user stand-
ing on the first and second pedals can perform a
striding exercise. The first and second pedals each
has a tread member that supports the bottom of a
user’s foot in a manner that encourages movement
of the user’s foot relative to the tread member during
the striding exercise.
U.S. Patent No. 9,925,412 discloses an exercise de-
vice including a linkage assembly that links a driving
member to a driven member so that circular rotation
of the driving member causes generally equal circu-
lar rotation of the driven member. The linkage as-
sembly includes a linking member, a first crank arm
that connects the driving member to the linking mem-
ber so that rotation of the driving member causes
motion of the linking member, and a second crank
arm that connects the linking member to the driven
member so that the motion of the linking member
causes rotation of the driven member. At least one
additional crank arm connects the linking member
at a rotational axis that is laterally offset from a
straight line through the first and second crank arm
rotational axes.
U.S. Patent No. 9,283,425 discloses an exercise as-
sembly having a frame and elongated foot pedal
members that are each movable along user-defined
paths of differing dimensions. Each foot pedal mem-
ber has a front portion and a rear portion. Footpads
are disposed on the rear portion of one of the first
and second foot pedal members. Elongated coupler
arms have a lower portion and an upper portion that

is pivotably connected to the frame. Crank members
have a first portion that is pivotably connected to the
front portion of one of the first and second foot pedal
members and have a second portion that is pivotably
connected to the lower portion of one of the first and
second coupler arms, so that each crank member is
rotatable in a circular path. Elongated rocker arms
have a lower portion that is pivotably connected to
one of the first and second foot pedal members in
between the foot pad and the crank member and
have an upper portion that is pivotably connected to
the frame.
U.S. Patent No. 9,138,614 discloses an exercise as-
sembly having elongated first and second rocker
arms that pivot with respect to each other in a scis-
sors-like motion about a first pivot axis. A slider has
a slider body that slides along a linear axis extending
through and perpendicular to the first pivot axis. A
linkage pivotably couples the first and second rocker
arms to the slider body. Pivoting the first and second
rocker arms with respect to each other causes the
slider body to slide in a first direction along the linear
axis. Opposite pivoting of the first and second rocker
arms with respect to each other causes the slider
body to slide in an opposite, second direction along
the linear axis.
U.S. Patent Nos. 9,126,078 and 8,272,997 disclose
an elliptical step exercise apparatus in that a dynam-
ic link mechanism can be used to vary the stride
length of the machine. A control system can also be
used to vary stride length as a function of various
exercise and operating parameters such as speed
and direction as well as varying stride length as a
part of a preprogrammed exercise routine such as a
hill or interval training program. In addition, the con-
trol system can use measurements of stride length
to optimize operation of the apparatus.
U.S. Patent No. 7,931,566 discloses an elliptical
cross trainer that has a rotating inertial flywheel driv-
en by user-engaged linkage exercising a user. A us-
er-actuated brake engages and stops rotation of the
flywheel upon actuation by the user.
U.S. Patent No. 7,918,766 discloses an exercise ap-
paratus for providing elliptical foot motion that utilizes
a first and second rocking links suspended from an
upper portion of the apparatus frame permitting at
least limited arcuate motion of the lower portions of
the links. Foot pedal assemblies are connected to
rotating shafts or members located on the lower por-
tion of the links so that the foot pedals will describe
a generally elliptical path in response to user foot
motion on the pedals.
U.S. Patent No. 6,846,272 discloses an exercise ap-
paratus in which a stride length portion of an elliptical
motion can be increased automatically as a function
of exercise parameters such as speed. In addition,
arm handles can be disconnected manually or auto-
matically from pedal levers.
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U.S. Patent No. 6,217,486; 6,203,474; 6,099,439;
and 5,947,872 disclose aspects of an exercise ap-
paratus having a pedal that moves in an elliptical
path, whereby an angular orientation of the pedal,
relative to a fixed, horizontal plane, such as the floor,
varies in a manner that simulates a natural heel to
toe flexure.
U.S. Patent App. No. 17/867,062 discloses an exer-
cise machine for performing a striding exercise mo-
tion. The exercise machine has a frame, first and
second pedal members, first and second foot pads
on the first and second pedal members, respectively,
wherein the first and second foot pads are configured
to move in respective elliptical paths during the strid-
ing exercise motion, and first and second rocker
arms. The first and second pedal members are piv-
otably coupled to the first and second rocker arms
and move with the first and second rocker arms rel-
ative to the frame. An adjustment device pivotably
couples the first and second rocker arms to the
frame. The adjustment device is configured to ac-
tively adjust and set a position of the first and second
rocker arms relative to the frame, respectively, which
thereby changes an incline shape of the elliptical
paths, respectively, during the striding exercise mo-
tion.

[0004] Additional U.S. Patents are relevant for disclos-
ing additional types of exercise machines and control
thereof. In particular, U.S. Patent Nos. 9,238,158 and
9,216,317 disclose stair climbing type exercise ma-
chines. U.S. Patent Nos. 6,572,512; 6,095,951;
4,749,181; 4,664,371; 4,659,074; 4,643,418; 4,635,928;
4,635,927; 4,614,337; and 4,334,676; and, as well as
U.S. Patent Pub. No. 2021/0283465 and U.S. Patent
App. No. 17/946,295, disclose treadmill type exercise
machines.

SUMMARY

[0005] This Summary is provided to introduce a selec-
tion of concepts that are further described below in the
Detailed Description. This Summary is not intended to
identify key or essential features of the claimed subject
matter, nor is it intended to be used as an aid in limiting
the scope of the claimed subject matter.
[0006] Certain aspects of the present disclosure relate
to exercise machines for performing exercise motions. A
resistance mechanism controls a resistance for perform-
ing the exercise motion. An incline adjustment device
controls an incline for performing the exercise motion. A
control system is operatively coupled to the resistance
mechanism and the incline adjustment device and is con-
figured to receive a resistance setting for controlling the
resistance, receive an incline setting for controlling the
incline, and determine a resistance modifier for adjusting
the resistance based on the incline setting. The control
system is further configured to adjust the resistance set-

ting based on the resistance modifier to provide a mod-
ified resistance setting, control the incline adjustment de-
vice based on the incline setting, and control the resist-
ance mechanism based on the modified resistance set-
ting to thereby cause an exertion by a user for performing
the exercise motion to change when the incline setting
is changed.
[0007] In certain examples, the exercise machine is
configured such that the exercise motion comprises a
striding exercise motion.
[0008] In certain examples, the control system is con-
figured to determine the resistance modifier such that a
given change in the incline setting changes the exertion
by the user to correspond to a change in a reference
exertion from changing an incline setting of a reference
exercise machine by that given change. In certain exam-
ples, the reference exercise machine comprises a tread-
mill. In certain examples, the resistance modifier is de-
termined such that the exertion for performing the exer-
cise motion is approximately the same as the reference
exertion. In certain examples, the control system is con-
figured to determine the resistance modifier based also
on at least one of a weight of the user, a heartrate of the
user, a force exerted by the user when performing the
exercise motion, and a speed in which the exercise mo-
tion is performed.
[0009] In certain examples, the control system is con-
figured to determine the resistance modifier based also
on at least one of a weight of the user, a heartrate of the
user, a force exerted by the user when performing the
exercise motion, and a speed in which the exercise mo-
tion is performed.
[0010] Other aspects according to the present disclo-
sure generally relate to methods for controlling exercise
machines for performing an exercise motion. In certain
examples, the method includes receiving a resistance
setting for controlling a resistance for performing the ex-
ercise motion, receiving an incline setting for controlling
an incline for performing the exercise motion, and deter-
mining a resistance modifier for adjusting the resistance
setting based on the incline setting. The method further
includes adjusting the resistance setting based on the
resistance modifier to provide a modified resistance set-
ting, controlling the incline based on the incline setting,
and controlling the resistance based on the modified re-
sistance setting. The resistance is controlled based on
the modified resistance setting so that an exertion by a
user for performing the exercise motion is caused to
change when the incline setting is changed.
[0011] Certain examples further include determining
the resistance modifier based also on a reference exer-
tion for performing a reference exercise motion with a
reference exercise machine having an incline controlled
at the incline setting, wherein the reference exertion is
stored in memory, and wherein the resistance modifier
is determined such that the exertion for performing the
exercise motion is approximately the same as the refer-
ence exertion.
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[0012] Certain examples further include receiving a
scale setting and determining the resistance modifier
based on the scale setting, wherein the scale setting
changes how much the resistance modifier varies as a
function of the incline setting. Certain examples further
include receiving an input from the user and basing the
scale setting on the input.
[0013] Certain examples further include receiving an
input from the user and basing at least one of the resist-
ance setting and the incline setting on the input.
[0014] Certain examples further include determining
the resistance modifier based also on the resistance set-
ting.
[0015] Certain examples further include determining
at least one of a weight of the user, a heartrate of the
user, a force exerted by the user when performing the
exercise motion, and a speed in which the exercise mo-
tion is performed and determining the resistance modifier
based thereon.
[0016] Other aspects according to the present disclo-
sure generally relate to methods for controlling exercise
machines for performing an exercise motion based on a
reference exercise machine for performing a reference
exercise motion. In certain examples, the method further
includes receiving a resistance setting for controlling a
resistance for performing the exercise motion, receiving
an incline setting for controlling an incline for performing
the exercise motion, and determining a resistance mod-
ifier for adjusting the resistance setting based on the in-
cline setting and based on a reference exertion for per-
forming the reference exercise motion at the incline set-
ting using the reference exercise machine. The method
further includes adjusting the resistance setting based
on the resistance modifier to provide a modified resist-
ance setting, controlling the incline based on the incline
setting, and controlling the resistance based on the mod-
ified resistance setting. The resistance is controlled
based on the modified resistance setting so that changing
the incline setting changes the reference exertion and
causes a change in an exertion by a user for performing
the exercise motion correspondingly.
[0017] Certain examples further include receiving a
scale setting and determining the resistance modifier
based on the scale setting, wherein the scale setting
changes how much the resistance modifier varies as a
function of the incline setting. Certain examples further
include receiving an input from the user and basing the
scale setting on the input.
[0018] Certain examples further include receiving an
input from the user and basing at least one of the resist-
ance setting and the incline setting on the input.
[0019] Certain examples further include determining
the resistance modifier based also on the resistance set-
ting.
[0020] Certain examples further include determining
at least one of a weight of the user, a heartrate of the
user, a force exerted by the user when performing the
exercise motion, and a speed in which the exercise mo-

tion is performed, and determining the resistance modi-
fier based thereon.
[0021] It should be recognized that the different as-
pects described throughout this disclosure may be com-
bined in different manners, including those than express-
ly disclosed in the provided examples, while still consti-
tuting an invention accord to the present disclosure.
[0022] Various other features, objects and advantages
of the disclosure will be made apparent from the following
description taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The present disclosure is described with refer-
ence to the following Figures. The same numbers are
used throughout the Figures to reference like features
and like components. Unless otherwise specifically not-
ed, articles illustrated in the drawings are not necessarily
drawn to scale.

FIG. 1 is a side perspective view of a non-limiting
example of an exercise machine according to the
present disclosure, having certain features removed
such as support column, base member and stabilizer
covers.
FIG. 2 is a rear view thereof having front a stabilizer
covers removed.
FIG. 3 is a side view thereof having front and rear
covers removed.
FIG. 4 is an opposite side view thereof having front
and rear covers and stabilizer covers removed.
FIG. 5 is a top view thereof having base member and
stabilizer covers removed.
FIG. 6 is an exploded view of portions of the front of
the machine.
FIG. 7 is another exploded view of the portions illus-
trated in FIG. 6.
FIG. 8 is a schematic view showing a low incline
elliptical path of travel of foot pads on the machine.
FIG. 9 is a schematic view showing a medium incline
elliptical path of travel of foot pads on the machine.
FIG. 10 is a schematic view showing a high incline
elliptical path of travel of foot pads on the machine.
FIG. 11 is a schematic of a control system for con-
trolling an exercise machine according to the present
disclosure.
FIG. 12 is a flow chart illustrating a non-limiting ex-
ample of a method for controlling an exercise ma-
chine according to the present disclosure.
FIG. 13 is a representation of a control system for
controlling two exercise machines according to the
present disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

[0024] Through experimentation and development,
the present inventors have identified problems and in-
consistencies in the effect that changing an incline of a
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cross trainer has on the user’s exertion. For some fitness
machines, such as a treadmill, the user lifts their weight
with every step. Changing the incline of the treadmill belt
increases the height or distance that this weight must be
lifted. Furthermore, exertion is defined a function of force
and distance (e.g., lifting a mass, and how far). Thus,
increasing the incline of the treadmill increases the dis-
tance, which increases the exertion of the user.
[0025] However, the present inventors have recog-
nized that the same mechanics are not true for an ellip-
tical cross trainer. Due to the connecting linkages, mov-
ing one pedal downwardly causes the other pedal to
move upwardly. Furthermore, the pedals travel in an el-
liptical path around a crank axis. Thus, pushing one pedal
down assists the user in lifting their weight as the other
pedal goes up and there is no net increase in the height
of the user’s weight as the exercise motion is performed.
Because the exertion for performing the elliptical exercise
motion is not based on the user having to lift their weight
by a height with each step, the present inventors have
determined that adjusting the incline of these elliptical
cross trainers has little to no effect on the user’s exertion.
This deficiency is both undesired and unexpected by the
user.
[0026] The present disclosure identifies this deficien-
cy, the causes of the deficiency, and also provides ex-
ample systems and methods for addressing the unmet
need of providing an elliptical cross trainer that functions
in a desirable and predictable manner.
[0027] FIGS. 1-5 illustrate a personal exercise ma-
chine 20 for performing a striding exercise motion. The
machine 20 extends from front to back in a longitudinal
direction L, from top to bottom in a vertical direction V,
and from side to opposite side in a horizontal direction
H. The machine 20 is substantially symmetrical in the
horizontal direction H. Therefore, the components on one
side of the machine 20 are the same as, or are mirror
images of, the components on the opposite side of the
machine 20. As such, the descriptions provided below
regarding components on one side of the machine 20
equally apply to the components on the opposite side of
the machine 20.
[0028] The machine 20 has a frame 22 including a lon-
gitudinally extending base member 24. Horizontally ex-
tending stabilizer members 26 extend from the front and
rear of the base member 24 and prevent the machine 20
from tipping over in the horizontal direction H. Each sta-
bilizer member 26 has feet 28 for supporting the frame
22 above the ground. The frame 22 has a forward support
column 30 that extends vertically upwardly from the front
of the base member 24. An angular gusset 32 braces
and supports the forward support column 30 relative to
the base member 24. A bridge 34 is mounted on top of
the forward support column 30. The bridge 34 has a hor-
izontally extending body 36 with opposing first and sec-
ond arms 38 extending rearwardly therefrom. As such,
the bridge 34 generally has a U-shape and defines an
"activity zone" between the arms 38 for the user’s body

and/or arms during performance of the striding exercise
motion. A generally trapezoidal-shaped stationary han-
dlebar 42 is rigidly mounted on the body 36 between the
arms 38 and is at least partially for manually grasping by
a user operating the machine 20.
[0029] A user console 44 is mounted to and extends
generally upwardly from the bridge 34. The console 44
includes a display screen 46 oriented towards the user
operating the machine 20. As is conventional, the con-
sole 44 can include a processor and memory and be
configured for controlling various devices associated with
the machine 20, including for control of resistance and/or
incline as for example will be further described herein
below. The display screen 46 optionally can be a touch
screen wherein the user operating the machine 20 can
manually touch the screen to input commands to the con-
sole 44 for controlling the machine 20. Optionally, input
buttons 48 are located on the stationary handlebar 42
and to manually input commands to the console 44. In
some examples, the input buttons 48 are located else-
where such as on the upper ends of handgrips 125, de-
scribed herein below. Input commands entered via the
display screen 46 and/or the input buttons 48 can for
example include an increase or decrease in resistance
of the machine 20 and/or increase or decrease in incline
of the machine 20, and/or the like. Optionally, biome-
chanical sensors 45 can be provided on the stationary
handlebar 42 and/or on handgrips 125 to sense a heart
rate of the user when the user manually grasps the han-
dlebar 42 and/or the handgrips 125.
[0030] It should be recognized that the various devices
associated with the machine 20 may be controlled other
than via input from the user (e.g., using the touch screen,
input buttons 48, and other mechanisms described
above). As non-limiting examples, this includes adjust-
ments to the resistance and/or incline in accordance with
an exercise program stored and executed by the proc-
essor in the console 44 or as changed by an instructor
leading the user through an exercise routine. In other
words, instructor inputs and exercise programs may also
be considered inputs for controlling the exercise machine
20. Additional discussion regarding the control system
controlling these various devices is provided below.
[0031] At the rear of the machine 20, the frame 22 fur-
ther includes a rear support column 50 that extends an-
gularly upwardly and rearwardly from the rear of the base
member 24. A resistance mechanism 52 is mounted to
the rear support column 50, including for example via a
rear frame plate (not illustrated in FIG. 4) mounted to the
rear support column 50 and/or the base member 24. The
type and configuration of the resistance mechanism 52
can vary from what is illustrated and described. In the
illustrated example, the resistance mechanism 52 is a
hybrid generator-brake configured to provide a resist-
ance to a striding motion performed on the machine 20,
as will be further described herein below, and also con-
figured to generate power based upon the striding mo-
tion, for example to power the console 44. In some ex-
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amples, a suitable resistance mechanism is the "FB Six
Series" sold by Chi Hua. The resistance mechanism 52
is connected to a pulley wheel 56 by a belt 58 and is
configured so that rotation of the pulley wheel 56 rotates
the resistance mechanism 52. The pulley wheel 56 is
connected to the rear support column 50 by a center shaft
60 (see FIG. 8). The pulley wheel 56 and center shaft 60
are fixed relative to each other such that these compo-
nents rotate together.
[0032] At the rear of the machine 20, radially opposed
crank arms 62 have radially inner ends keyed to (fixed
to) the center shaft 60 so that the crank arms 62 remain
radially opposed to each other (i.e., 180 degrees apart)
and so that rotation of the crank arms 62 and center shaft
60 causes rotation of the pulley wheel 56 about a pulley
wheel pivot axis 64 defined by the center shaft 60. In the
illustrated examples of FIGS. 1-5, the resistance mech-
anism 52 resists rotation of the pulley wheel 56 via an
electro magnet 66. In some examples, the resistance
mechanism 52 includes another means for resisting
movement of the pulley wheel 56, such as via a flywheel,
mechanical brake, pneumatic actuators, etc.
[0033] The machine 20 further has first and second
pedal members 68 centrally located on opposite sides of
the frame 22. The pedal members 68 are elongated in
the longitudinal direction L, each having a central portion
70, a front portion 72 that extends generally forwardly
and upwardly from the central portion 70, and a rear por-
tion 74 that extends generally rearwardly and upwardly
from the central portion 70 to a tail portion 76 that extends
rearwardly from the rear portion 74 and substantially par-
allel to the central portion 70. In some examples, the tail
portion 76 is not substantially parallel to the central por-
tion 70.
[0034] At the rear of the machine 20, first and second
elongated stride links 78 are freely rotatably (pivotably)
coupled to the radially outer ends of the opposed crank
arms 62, by for example bearings, at a stride link-crank
arm pivot axis 80. Each stride link 78 has a first end that
is pivotably coupled to a respective tail portion 76 of a
pedal member 68 at a stride link-pedal member pivot axis
82. Each stride link 78 has an opposite, second end that
is pivotably coupled to a distal or rear end of an elongated
idler link 84 at a stride link-idler link pivot axis 86. The
opposite, proximal or front end of the idler link 84 is piv-
otably coupled to the base member 24 at an idler link-
base member pivot axis 88. As illustrated in at least FIGS.
1, 3 and 4, the stride link-crank arm pivot axis 80 is located
along the stride link 78 between the stride link-pedal
member pivot axis 82 and stride link-idler link pivot axis
86. In some examples, the stride link-crank arm pivot axis
80 is closer to the stride link-pedal member pivot axis 82
than the stride link-idler link pivot axis 86. In other exam-
ples, the pivot axis 80 is at the center of the stride link 78
or closer to the pivot axis 86.
[0035] First and second foot pads 90 are supported on
the central portions 70 of the first and second pedal mem-
bers 68. The exercise machine 20 includes the first and

second foot pads 90 to support the user’s feet during
performance of the elliptical striding motion. The first and
second foot pads 90 travel along an elliptical path that is
incline adjustable, as will be further described herein be-
low.
[0036] The machine 20 further has first and second
rocker arms 92 that are pivotably coupled to the frame
22 by an incline adjustment device 94, which will be fur-
ther described herein below. The type and configuration
of the incline adjustment device 94 can vary and addi-
tional examples are illustrated in the examples illustrated
(with further detail also being provided in U.S. Patent
App. No. 17/867,062, which has been incorporated here-
in in its entirety). The rocker arms 92 have an upper end
portion 96, a lower end portion 98, and an elbow portion
100 located between the upper end portion 96 and the
lower end portion 98 so that the upper end portion 96
and lower end portion 98 extend at an angle relative to
each other. The lower end portions 98 are pivotably cou-
pled to the front portion 72 of the pedal members 68 at
a rocker arm-pedal member pivot axis 102 so that the
pedal members 68 are pivotably movable relative to the
rocker arms 92 and also so that pivoting of the rocker
arms 92 relative to the frame 22 causes commensurate
pivoting and/or translating of the pedal members 68 rel-
ative to the frame 22, i.e., so that these components pivot
and/or translate together relative to the frame 22.
[0037] Referring to FIGS. 3, 4, 6 and 7, the incline ad-
justment device 94 is located in the bridge 34 and extends
into the noted arms 38 on both sides of the activity zone.
The incline adjustment device 94 is specially configured
to facilitate selective adjustment and setting of a position
of the rocker arms 92 relative to the frame 22, respec-
tively, specifically the position of pivot axis 108, which
thereby changes an incline shape of elliptical paths of
travel of the foot pads 90, respectively, during the striding
exercise motion, as will be further described herein be-
low. The incline adjustment device 94 can be controlled
by the noted controller based upon a stored exercise pro-
gram or based upon an input by the operator to the con-
sole 44. For example this can be controlled via touch
screen, input buttons 48 on the stationary handlebar 42
and/or input buttons on the upper ends of hand grips 125.
As will be evident from the illustrated examples and the
following description, the type and configuration of the
incline adjustment device 94 can vary.
[0038] In the first example illustrated in FIGS. 1-10, the
incline adjustment device 94 includes an incline link 104
for each of the rocker arms 92, which pivotably couple
the upper portion 96 of the rocker arms 92 to the frame
22. More specifically, each incline link 104 has an upper
portion that is pivotably coupled to the frame 22 at an
incline link-frame pivot axis 106. Each incline link 104
further has a lower portion that is pivotably coupled to
the upper end portion 96 of the rocker arm 92 at an incline
link-rocker arm pivot axis 108 that is located generally
below the incline link-frame pivot axis 106. In some ex-
amples, bearings support the noted couplings so that the
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corresponding incline link 104 is pivotable relative to the
noted axes 106, 108.
[0039] The incline adjustment device 94 is configured
to pivot each incline link 104 relative to the frame 22 (i.e.,
about the incline link-frame pivot axis 106) to thereby
adjust and set the position of the rocker arms 92 relative
to the frame 22, in particular to adjust and set the position
of the incline link-rocker arm pivot axis 108 relative to the
frame 22 (i.e., about the incline link-frame pivot axis 106).
In the illustrated example, the incline adjustment device
94 includes first and second linear actuators 110. Note
that the type of linear actuator 110 can vary from what is
illustrated and described. In the illustrated example, the
linear actuator 110 includes an electro-mechanical linear
actuator, which has an electric gearmotor 120, a lead-
screw assembly 121 and, a leadnut and tube assembly
125 (see FIGS. 6 and 7). The linear actuator 110 has a
forward end pivotably coupled to the bridge 34 by a trun-
nion assembly 113, particularly at an actuator-bridge piv-
ot axis 114. The linear actuator 110 has an opposite, rear
end pivotably coupled to the incline link 104 at an actu-
ator-incline link pivot axis 118 (see FIG. 6). An example
bearing, which is best seen in exploded view in FIG. 7,
supports the coupling at the actuator-incline link pivot
axis 118. The actuator-incline link pivot axis 118 is offset
relative to the incline link-frame pivot axis 106 and the
incline link-rocker arm pivot axis 108. In certain cases,
the actuator-incline link pivot axis 118 is offset forwardly
relative to the incline link-frame pivot axis 106 and the
incline link-rocker arm pivot axis 108. In the illustrated
non-limiting example, the incline link 104 is a member or
body having or defining a triangular shape, wherein the
incline link-frame pivot axis 106, the incline link-rocker
arm pivot axis 108, and the actuator-incline link pivot axis
118 are located at the respective three apexes of the
triangular shape.
[0040] The gearmotor 120, leadscrew assembly 121,
and leadnut and tube assembly 125 are configured to
lengthen or shorten the linear actuator 110 upon an input
command from the noted controller, which can be based
upon an operator input to the console 44 or based upon
a program in the noted controller, as described herein
above. Operation of the gearmotor 120 in a first direction
rotates the lead screw 123 of the leadscrew assembly
121 in the first direction that causes the leadnut and tube
assembly 125 to travel outwardly along the lead screw
123 and outwardly relative to the housing 119 of linear
actuator 110, thus lengthening the linear actuator 110.
Operation of the gearmotor 120 in an opposite, second
direction oppositely rotates the lead screw 123 in the sec-
ond direction that cause the leadnut and tube assembly
125 to retract inwardly relative to the housing 119, thus
shortening the linear actuator 110. Due to the relative
locations of the incline link-frame pivot axis 106, incline
link-rocker arm pivot axis 108, actuator-bridge pivot axis
114, and actuator-incline link pivot axis 118, extension
of the linear actuator 110 pivots the incline link 104 rear-
wardly along an arc relative to the bridge 34. Such actu-

ation of the linear actuator 110 also moves the incline
link-rocker arm pivot axis 108 rearwardly (e.g., relative
to the frame 22) and along an arc relative to the incline
link-frame pivot axis 106. As illustrated and described
herein below, this increases or raises the incline of the
elliptical path of the foot pads 90 (e.g., relative to the
frame 22). Conversely, shortening the linear actuator 110
pivots the incline link 104 forwardly along the arc relative
to the bridge 34, along an arc relative to the incline link-
frame pivot axis 106. This moves the incline link-rocker
arm pivot axis 108 forwardly along the arc relative to the
frame 22. As illustrated and described herein below, this
reduces or lowers the incline of the elliptical path of the
foot pads 90 (e.g., relative to the frame 22). In examples
disclosed herein, the incline adjustment device 94 can
adjust the incline of the elliptical path of the foot pads 90
during the striding motion.
[0041] It is important to note that the incline adjustment
device 94 does not need to include two actuators, as
shown in the first example. In other examples, a single
adjustment device connected to more than one incline
link 104. In addition to linear actuators, devices for chang-
ing the position an incline link 104 include an electric
motor driving worm gears, the use of pulleys, and/or any
other conventional mechanism for causing the above-
noted adjustment of the relative position of the axes.
[0042] Referring to FIGS. 1-5, the machine 20 has
movable handle members 122 that are pivotably coupled
to opposite sides of the bridge 34 at a handle member-
bridge pivot axis 124. Each handle member 122 has an
upper end with a hand grip 125 for manually grasping by
the user performing the striding exercise motion. Each
handle member 122 has a lower end that is pivotably
coupled to a coupler link 126 at a handle member-coupler
link pivot axis 128. Thus, the handle member 122 and
respective coupler link 126 pivot together about the han-
dle member-bridge pivot axis 124 and the coupler link
126 is pivotable relative to the handle member 122 about
the handle member-coupler link pivot axis 128. Each cou-
pler link 126 has a forward end portion 130 coupled to
the handle member 122 at the handle member-coupler
link pivot axis 128 and a rearward end portion 132 pivot-
ably coupled to the central portion 70 of the pedal mem-
ber 68 at a coupler link-pedal member pivot axis 134.
Thus, the coupler link 126 is pivotable relative to the pedal
member 68 about the coupler link-pedal member pivot
axis 134. An elbow portion 136 is located between the
forward and rearward end portions 130, 132 so that the
forward end portion 130 extends angularly upwardly rel-
ative to the rearward end portion 132. As such, the user
standing on the foot pads 90 and manually grasping the
hand grips 125 can alternately push and pull on the hand
grips 125 to thereby apply pushing and pulling forces on
the pedal members 68 via the coupler links 126, which
assists the striding exercise motion, as will be further
described herein below.
[0043] FIGS. 8-10 are schematic views of the machine
20 showing the paths of travel A1-A3 of the foot pads 90

11 12 



EP 4 417 271 A1

9

5

10

15

20

25

30

35

40

45

50

55

and the paths of travel B1-B3 of the stride link-pedal
member pivot axis 82 during low incline (FIG. 8), medium
incline (FIG. 9), and high incline (FIG. 10). In each figure,
the rocker arms 92 have a different position of swing
range, which is determined by position of the incline ad-
justment device 94.
[0044] FIG. 8 illustrates low-incline, where the linear
actuators 110 are retracted and thus each incline link 104
is pivoted about the incline link-frame pivot axis 106 to-
wards the bridge 34 (i.e., clockwise about the incline link-
frame pivot axis 106 in the side view illustrated in FIG.
8). This moves the incline link-rocker arm pivot axis 108
along an arc towards the bridge 34 and via connection
of the rocker arms 92 and pedal members 68, positions
the foot pads 90 so as to follow the low-incline elliptical
path of travel A1.
[0045] FIG. 9 illustrates medium-incline, wherein the
linear actuators 110 are moderately extended and thus
each incline link 104 is pivoted about the incline link-
frame pivot axis 106 away from the bridge 34 (i.e., coun-
ter-clockwise about the incline link-frame pivot axis 106
from the side view illustrated in FIG. 9). This moves the
incline link-rocker arm pivot axis 108 along an arc away
from the bridge 34 and via connection of the rocker arms
92 and pedal members 68, positions the foot pads 90 to
follow the medium-incline elliptical path of travel A2.
[0046] FIG. 10 illustrates high-incline, wherein the lin-
ear actuators 110 are further extended and thus each
incline link 104 is pivoted about the incline link-frame pivot
axis 106 away from the bridge 34 (i.e., further counter-
clockwise about the incline link-frame pivot axis 106 from
the side view illustrated in FIG. 10). This moves the incline
link-rocker arm pivot axis 108 along the arc further away
from the bridge 34 and via connection of the rocker arms
92 and pedal members 68, positions the foot pads 90 to
follow the high-incline elliptical path of travel A3. It is im-
portant to understand that the three positions illustrated
in FIGS. 8-10 are exemplary and other positions are pos-
sible via operation of the incline adjustment device 94,
which can be automatically controlled by programming
of the console 44 and/or by inputs to the console 44
and/or input buttons 48 and/or other input buttons such
as on the upper ends of handgrips 125.
[0047] By comparison of FIGS. 8-10, the machine 20
is advantageously configured to maintain a substantially
compact and constant length (in the length direction L,
see FIG. 1) of the paths of travel A1-A3 throughout the
adjustments made by the incline adjustment device 94.
The configurations of the various components advanta-
geously take up a relatively small footprint. The ends of
the rocker arms 92 advantageously do not swing beyond
the front of the frame 22, thus maintaining a small foot-
print. The paths of travel B1-B3 are also substantially
constant, due to the configuration of the stride link 78 as
illustrated and described herein above. The rear linkage
including the stride links 78 advantageously does not
swing beyond the rear portion of the frame 22, thus main-
taining a small footprint. The configuration of the movable

handle members 122 and the coupler link 126 is advan-
tageous in that the overall path of movement (i.e., swing
range of the handle members 122 about the handle mem-
ber-bridge pivot axis 124) is substantially constant de-
spite changes in incline via the incline adjustment device
94.
[0048] Advantageously, the foot pads 90 are located
on the pedal members 68 at a distance rearward of the
rocker arm-pedal member pivot axis 102 to create a more
natural, vertical height of the paths of travel A1-A3. This
feature in combination with the path of travel B1-B3 yields
a more natural, and smooth path of travel A1-A3 in all
incline settings. Also, the path of travel (arc) along which
the incline link travels, as described herein above, is tilted
upward towards the rear portion of travel, towards high
incline. This tailors/blends some additional vertical height
to the overall ellipse height as it adjusts to a high incline
setting.
[0049] FIG. 11 illustrates one example of a control sys-
tem 200 for controlling an exercise machine, such as the
exercise machine 20 shown in FIGS. 1-5 and discussed
above. Certain aspects of the present disclosure are de-
scribed or depicted as functional and/or logical block
components or processing steps, which may be per-
formed by any number of hardware, software, and/or
firmware components configured to perform the specified
functions. For example, certain embodiments employ in-
tegrated circuit components, such as memory elements,
digital signal processing elements, logic elements, look-
up tables, or the like, configured to carry out a variety of
functions under the control of one or more processors or
other control devices. The connections between func-
tional and logical block components are merely exem-
plary, which may be direct or indirect, and may follow
alternate pathways.
[0050] In certain examples, the control system 200
communicates with one or more components of the ma-
chine 20 via one or more communication links CL, which
can be any wired and/or wireless link. The control system
200 is capable of receiving information and/or control sig-
nals via the communication links CL to control one or
more operational characteristics of the machine 20 and
its various sub-systems. It should be recognized that the
term "receiving" should not be construed as limiting how
the information becomes available to components de-
scribed herein. By way of example, the present disclo-
sure contemplates both configurations in which the con-
trol system 200 is provided the information from another
component outside the control system 200, a component
within the control system 200 obtains the information
from another component outside the control system 200,
or a component within the control system 200 derives
the underlying information itself. In one example, the
communication link CL is a controller area network (CAN)
bus. However, in some examples, other types of links
are used. It will be recognized that the extent of connec-
tions and the communication links CL may in fact be one
or more shared connections, or links, among some or all
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the components in the machine 20. Moreover, lines rep-
resentative of the communication links CL are illustrated
to demonstrate that the various control elements can
communicate with one another, and do not represent ac-
tual wiring connections between the various elements,
nor do they represent the only paths of communication
between the elements. Additionally, the machine 20 may
incorporate various types of communication devices and
systems, and thus the illustrated communication links CL
may in fact represent various different types of wireless
and/or wired data communication systems.
[0051] The control system 200 may be a computing
system that includes a processing system 210, memory
system 220, and input/output (I/O) system 230 for com-
municating with other devices operatively coupled there-
to, such as input devices 199 and output devices 201,
either of which can, additionally or alternatively, include
elements stored in a cloud 202. The input devices 199
and output devices 201 may also be collectively referred
to as peripheral devices. Examples of input devices 199
include the console 44 (e.g., as a touch screen), input
buttons 48, and biomechanical sensors 45 as discussed
above and shown in FIG. 3. Additional inputs 199 may
also be provided depending on the type of exercise ma-
chine and the various element provided therewith. With
reference to FIGS. 3 and 11, a weight sensor 203 may
be provided with the exercise machine 20 and configured
to measure a weight of the user (e.g., the weight sup-
ported via pedals, stairs, or the like). The weight sensor
may be a piezo-electric sensor or another technology
known in the art. The weight of the user may alternatively
be provided by the user, such as a number entry entered
via the console 44, retrieved from memory (e.g., the
memory system 220 of FIG. 11) such as by logging into
a user account via LF Connect or another software ap-
plication.
[0052] The exercise machine 20 may also or alterna-
tively have a force sensor 205 (e.g., a piezo-electric sen-
sor or another technology known in the art), for example
positioned where the weight sensor 203 is shown in FIG.
3, which is configured to measure a force generated by
the user while performing the exercise motion. In certain
configurations, the same sensor may serve as both the
weight sensor 203 and the force sensor 205. For exam-
ple, one sensor for a manually rotated treadmill may de-
tect a weight when the user is stationary and a force when
the user is rotating the belt. In other configurations and
for other exercise machines, such as a rowing machine,
the force sensor 205 measures forces at a different lo-
cation or in a different direction than forces caused by
the user’s weight. In this case, the force sensor 205 may
be configured to measure pull forces in the horizontal
direction as the user performs the rowing exercise mo-
tion, whereas a separate weight sensor 203 may meas-
ure the vertical force of the user’s weight on the seat.
Another non-limiting example of a location for positioning
a force sensor 204 includes the handles of an elliptical
cross trainer.

[0053] The exercise machine 20 may also or alterna-
tively have a speed sensor 207 configured to measure a
speed in which the user performs the exercise motion,
which may be configured in a manner known in the art
(e.g., a Hall effect sensor, rotary encoder, etc.). By way
of example, the speed sensor 207 may measure rotations
per minute (RPM) of rotating portions of an elliptical cross
trainer, an RPM or pull frequency for a rowing machine,
a number of steps per minute climbed on a stair climbing
machine, or other conventionally measured metrics.
[0054] With reference to FIGS. 3 and 11, examples of
output devices 201 of the control system 200 include the
resistance mechanism 52 that controls the resistance for
performing the exercise motion and an incline adjustment
device 94 for controlling the incline for performing the
exercise motion as discussed above. It should be recog-
nized that certain devices may perform functions that are
both inputs devices 199 and outputs devices 201, such
as the console 44, whereby the screen 46 of the console
44 can be used to both receive inputs from the user and
to display information to the user as an output. Other
output devices 201 are also contemplated depending on
the type of exercise machine and the devices and func-
tions provided therewith. Additional non-limiting exam-
ples of output devices 201 include a motor 209 for rotating
the belt of a treadmill, lights, sounds, and/or haptic feed-
back to convey information to the user, cooling fans,
and/or other conventionally known elements. Additional
information regarding these outputs may be found in the
U.S. patents and patent applications presented at least
in the BACKGROUND section above.
[0055] For the control system 200 of FIG. 11, the
processing system 210 loads and executes an executa-
ble program 222 from the memory system 220, accesses
data 224 stored within the memory system 220, and di-
rects the machine 20 to operate as described in further
detail below. The processing system 210 may be imple-
mented as a single microprocessor or other circuitry or
be distributed across multiple processing devices or sub-
systems that cooperate to execute the executable pro-
gram 222 from the memory system 220. Non-limiting ex-
amples of the processing system include general pur-
pose central processing units, application specific proc-
essors, and logic devices.
[0056] The memory system 220 may comprise any
storage media readable by the processing system 210
and capable of storing the executable program 222
and/or data 224. The memory system 220 may be im-
plemented as a single storage device or be distributed
across multiple storage devices or sub-systems that co-
operate to store computer readable instructions, data
structures, program modules, or other data. The memory
system 220 may include volatile and/or non-volatile sys-
tems and may include removable and/or non-removable
media implemented in any method or technology for stor-
age of information. The storage media may include non-
transitory and/or transitory storage media, including ran-
dom access memory, read only memory, magnetic discs,
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optical discs, flash memory, virtual memory, and non-
virtual memory, magnetic storage devices, or any other
medium which can be used to store information and be
accessed by an instruction execution system, for exam-
ple.
[0057] In this manner, the control system 200 controls
the output devices 201 based on the input devices 199
and based on the executable program 222 stored in the
memory system 220 to thereby control the exercise ma-
chine 20.
[0058] Through experimentation and development,
the present inventors have identified problems with ex-
ercise machines and methods for controlling exercise
machines presently known in the art. In many cases an
exercise machine offers adjustments to change the us-
er’s exertion for performing an exercise motion, such as
by adjusting a resistance and/or an incline for performing
the exercise motion. Such resistance and/or incline ad-
justments can be effectuated by controlling the resist-
ance mechanism 52 and/or the incline adjustment device
94 as discussed above. It should be recognized that ex-
ertion may also be referred to as the work or energy need-
ed for performing the exercise motion, which may be
measured as a function of watts, joules, or other conven-
tional units. The user’s heart rate, V02, or other physio-
logical measurements may also be used as a means for
measuring exertion, which may be measured via con-
ventional techniques.
[0059] The present inventors have recognized that for
certain exercise machines in which the incline is adjust-
able, increasing the incline does not provide the expected
result of increasing the exertion. In the case of a conven-
tional treadmill, the user’s exertion is typically increased
by adjusting either the speed in which the belt rotates,
the resistance for the user to rotate the belt (for a man-
ually-powered treadmill), and/or by increasing the incline
of the belt relative to a horizontal plane such as the floor.
However, in the case of an elliptical cross trainer of the
type shown in FIG. 3, increasing the incline does not in-
crease the user’s exertion. In fact, the present inventors
have identified particular models of elliptical cross train-
ers and controls for operating them in which increasing
the incline actually decreases the user’s exertion in use.
[0060] In one experiment, the present inventors deter-
mined that increasing the incline for a conventional tread-
mill caused the user’s heartrate to increase between 3.5
and 5.5 beats per minute (bpm) per degree of incline
increase. In contrast, the heartrate increase was only be-
tween 0.5 and 2.0 bpm per degree for a conventional
elliptical cross trainer. As discussed above, in other ex-
amples, the present inventors found no change in exer-
tion as the incline of an elliptical cross trainer increased.
For certain fitness machines, increasing the incline of the
elliptical cross trainer was found to result in a decrease
in exertion-which is often the opposite effect desired by
the user in increasing the incline.
[0061] The present inventors have identified different
explanations for which increasing the incline has little ef-

fect to no effect on user exertion for a cross trainer. For
a treadmill, the user lifts their weight (e.g., weight of their
foot, leg, and/or body) with each step. Changing the in-
cline of the treadmill belt increases the height or distance
that this weight must be lifted. Furthermore, exertion is
defined a function of force and distance (e.g., lifting a
mass, and how far). Thus, increasing the incline of the
treadmill increases the distance, which increases the ex-
ertion of the user.
[0062] However, the same mechanics are not true for
an elliptical cross trainer. Due to the connecting linkages,
as discussed above, moving one pedal downwardly
causes the other pedal to move upwardly. Furthermore,
the pedals travel in an elliptical path around a crank axis.
Thus, pushing one pedal down assists the user in lifting
their weight as the other pedal goes up. There is no net
increase in the height of the user’s weight as the exercise
motion is performed. Because the exertion for performing
the elliptical exercise motion is not based on the user
having to lift their weight by a height with each step, it
follows that adjusting the incline of this exercise machine
(thereby adjusting the height of each step) has little to no
effect on the exertion of the user.
[0063] Through further experimentation and testing,
the present inventors have developed the presently dis-
closed exercise machines and methods for controlling
exercise machines to provide a change in user exertion
from performing the exercise based on a change in incline
of an elliptical motion or path. In short, this includes the
introduction of a resistance modifier for adjusting the re-
sistance for performing the exercise motion based on the
incline, as discussed further below. This is also referred
to as providing a dynamic resistance that varies based
on incline, rather than simply a fixed resistance that is
independent of inline.
[0064] FIG. 12 illustrates one method 300 for control-
ling an exercise machine according to the present dis-
closure, such as for controlling the exercise machine
shown in FIG. 3. It should be recognized that while this
example relates to an elliptical cross-trainer (also re-
ferred to as a striding type of exercise machine), the
present disclosure also contemplates use with other
types of exercise machines, such as a stair climbing type
exercise machines or arc trainers (e.g., the Life Fitness
Total Body Arc, etc.).
[0065] In step 302 a resistance setting is received for
controlling a resistance for performing the exercise mo-
tion. As discussed above, the resistance setting may be
received via an input device 199 of the control system
200 of FIG. 11 discussed above, such as through user
selections on the screen 46 of the console 44, input but-
tons 48 on the stationary handlebar 42, on the handgrips
125, and/or elsewhere on the exercise machine, from an
executable program 222 stored in the memory system
220 (e.g., a particular exercise program selected for the
user to perform), and/or other methods known in the art.
As discussed, the processing system 210 may actively
pull these resistance settings, receive resistance settings
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pushed from other components, other and/or other mech-
anisms for communicating this information. Similarly,
step 304 provides for receiving an incline setting for con-
trolling an incline for performing the exercise motion,
which may be received in the same or a similar manner
as the resistance setting received in step 302.
[0066] The control system uses the incline setting to
determine a resistance modifier as an adjustment to the
resistance setting to ensure that adjustments to the in-
cline are observed or reflected in the user’s exertion for
performing the exercise motion. In certain methods,
which are discussed further below, the resistance mod-
ifier is determined also based on reference exertion data
for a reference exercise machine. As will become appar-
ent, this provides a mechanism for controlling different
exercise machines to provide similar changes in user ex-
ertion as incline adjustments are made.
[0067] In other embodiments, the control system is not
configured to determine the resistance modifier based
on reference exercise data. In certain embodiments, this
may be a selectable feature available to the user or op-
erator. For the method 300 of FIG. 12, this provides for
proceeding to step 306 after step 304 (path A) (i.e., not
performing the optional steps 305 and 307, discussed
below). Step 306 provides for determining a resistance
modifier based on the incline setting that was received
in step 304. As non-limiting examples, the resistance
modifier may be determined using one or more algo-
rithms and/or by referencing data stored in the memory
system (e.g., a lookup table providing resistance modifi-
ers corresponding to different incline settings), as dis-
cussed further below. The resistance modifier may also
be determined based on additional factors such as the
resistance setting received in step 302, the weight of the
user, a heartrate of the user, the force exerted by the
user when performing the exercise motion, and/or a
speed in which the exercise motion is performed, which
may be determined in a manner described above.
[0068] The resistance modifier may be provided as a
function of the total range of resistance that can be pro-
vided by the resistance mechanism. In other words, if the
range of resistances capable of being provided by the
resistance mechanism ranges from 0% to 100%, the re-
sistance modifier may be determined to be +5% (or an-
other value) for every 1 degree increase in incline. The
resistance capable of being provided by the resistance
mechanism may alternatively be referred to in increment
levels (e.g., ranging from 0 to 5 lowest to highest), meas-
ures of braking force, or other units. The same is true for
referring to the incline, which may refer to percentages,
increment levels, or other units rather than degrees. It
should be recognized that the relationship between the
incline and the resistance modifier need not be linear, for
example with the resistance modifier being +5% for every
1 degree increase in incline when the incline is between
0.0 and 3.0 degrees and +7% when the incline is between
3.1 degrees and 5 degrees. In some examples, the re-
sistance modifier is limited to only zero and positive val-

ues.
[0069] It should be recognized that determining of the
resistance modifier based on the incline setting in step
306 would also include determining the resistance mod-
ifier based on a change in the incline setting (e.g., a pre-
vious incline setting to a new incline setting), since the
latter is nonetheless based on the incline setting. Accord-
ingly, the description provided herein may refer to the
determination either using the incline setting or the
change in incline.
[0070] In certain embodiments, the resistance modifier
may also be determined based on a scale setting that
adjusts how much the incline (by way of the resistance
modifier) will impact the overall resistance provided by
the resistance mechanism so as to change the exertion
for the user. The scale setting may be provided by the
user and/or the executable program of the control system
200. By way of example, the user may make selections
via the exercise machine’s console among easy, medi-
um, and hard (or mild, standard, and aggressive) for the
scale setting. The medium selection may have no effect
of the resistance modifier, whereas the easy selection
reduces the resistance modifier, and the hard selection
increases the resistance modifier relative to the medium
selection. Alternatively, the scale setting may relate to
absolute or relative changes in resistance. By way of ex-
ample, the easy selection decreases the resistance mod-
ifier from the medium selection by an absolute 1% (as a
function of the total resistance possible by the resistance
mechanism, e.g., from 6% to 5%). In another example,
the easy selection reduces the resistance modifier by
50% relative to the determination when the medium se-
lection is made (e.g., from 6% to 3%).
[0071] With continued reference to the method 300 of
FIG. 12, step 308 provides for determining a modified
resistance setting, specifically by adjusting the resist-
ance setting based on the resistance modifier. In certain
embodiments, the adjustment is an added resistance, in
which the resistance modifier is added to the resistance
setting to provide the modified resistance setting. For in-
stance, a resistance modifier of +5% and a resistance
setting of 10% would provide for a modified resistance
setting of 15%.
[0072] Step 310 provides for controlling the incline for
performing the exercise motion based on the incline set-
ting received in step 304. It should be understood that
this may be performed via control of an adjustment device
such as described above and shown in FIG. 3 in a con-
ventional manner.
[0073] Step 312 provides for controlling the resistance
for performing the exercise motion based on the modified
resistance setting determined in step 308. This may
again be performed via control of a resistance mecha-
nism such as described above and shown in FIG. 3, but
not in the conventional manner of controlling the resist-
ance simply based on the resistance setting received in
step 302.
[0074] The resistance modifier may also be deter-
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mined based on other factors. In certain embodiments,
the resistance modifier is further based on the resistance
setting provided in step 302. By way of example, a re-
sistance modifier of +5% may be provided for a 1 degree
increase in incline when the resistance setting is 10%,
but the resistance modifier may be +3% for the 1 degree
incline increase when the resistance setting is 2%. In a
further example, resistance modifiers are not provided
(or are given a value of 0%) when certain resistance set-
tings are selected, such as one of the lowest five levels
of resistance settings. This recognizes that low resist-
ance settings may correspond to users having lower ca-
pabilities, thereby not modifying these resistance set-
tings as incline changes. Similarly, in certain embodi-
ments resistance modifiers are not provided if the speed
in which the exercise motion is being performed is below
a minimum threshold (e.g., the pedals rotating below 40
RPM), again potentially indicating that the user would not
desire or be in condition for additional exertion beyond
the selected resistance setting. Additionally, or alterna-
tively, a heartrate of the user can be referenced in a sim-
ilar manner, such as to not provide a resistance modifier
when the heartrate exceeds a threshold rate (e.g., 150
bpm, 180 bpm, or an age-dependent threshold rate). In
a contrasting example, in embodiments in which the re-
sistance modifier is not based on the resistance setting,
the resistance modifier may be 10%, 5%, or another value
per 1 degree increase in incline regardless of the resist-
ance setting.
[0075] In certain embodiments, the resistance modifier
is determined such that changing the incline causes the
exertion to change similarly or approximately the same
as changing the incline for performing an exercise motion
on another exercise machine (e.g., a treadmill). In par-
ticular, the resistance modifier is determined such that a
given change in the incline setting causes the exertion
of the user to change in a manner that corresponds to a
change in a reference exertion based on the same given
change in the incline setting of a reference exercise ma-
chine. As an illustrative example, if increasing an incline
of another exercise machine (the reference exercise ma-
chine) by 2 degrees is known to cause a user’s exertion
(the reference exertion) to increase by 10%, the resist-
ance modifier is determined such that the same 2 degree
increase in incline would also increase the exertion for
performing the exercise motion with the presently dis-
closed exercise machine by approximately the same
10%.
[0076] The reference exercise machine may be a dif-
ferent type of machine than the exercise machine being
controlled. For example, the reference exercise machine
can be a treadmill and the exercise machine being con-
trolled can be an elliptical cross-trainer or stair climber.
Moreover, in some examples, the reference exercise ma-
chine does not have an adjustable resistance (e.g., a
conventional treadmill). The reference exercise machine
may also be based on real-world activities that do not
literally require an exercise machine, such as the deter-

mined or calculated exertion of hiking up an incline or a
known grade.
[0077] The relationship between incline and exertion
for the reference exercise machine may be determined
empirically or through other methods and may be stored
as data in the memory system 220 (FIG. 11). The refer-
ence exercise machine may also be a modelled version
of the exercise machine being controlled in which the
mechanical advantages of linkages between the pedals
and the like are effectively cancelled out. In other words,
if the linkages reduce the effort of a user lifting their weight
by 70%, the reference exercise machine may be a model
that effectively counteracts this effect. The reference ex-
ertion data, regardless of how this is provided or deter-
mined, may be stored as a reference table for compari-
son, as part of an algorithm for determining the resistance
modifier, and/or in other data formats for determining the
resistance modifier.
[0078] The present inventors have discovered that dy-
namically changing the resistance such that changes in
incline cause changes in exertion as would be expected
with real-world activities such as uphill climbing creates
a particularly desirable user experience. The resistance
may also or alternatively be changed to provide an ex-
perience in which exertion changes as a function of in-
cline in a similar manner to other exercise machines. Of-
fering consistency in how different exercise machines
are controlled to provide the same or similar exertion al-
lows the user to easily move between the different types
of exercise machines for variety, to work on different mus-
cles groups, or to accommodate different exercise ma-
chine availability in an exercise facility, such as a gym.
The consistency also makes it easier for a user to try a
new exercise machine, reducing the learning curve and
providing a more comfortable experience in less time. It
should be recognized that the exercise machine need
not be controlled to literally match the exertion of another
exercise machine, nor to match across all ranges of use.
[0079] FIG. 13 depicts an exercise machine 20 (here,
an elliptical cross-trainer) that may be configured in a
manner discussed above. In the illustrated example, the
adjustment mechanism 94 is operating according to an
incline setting of 3 degrees (e.g., being provided by the
user via the console 44). As such, the exercise machine
20 can also be referred to as having an incline of 3 de-
grees.
[0080] FIG. 13 further depicts an example treadmill 400
such as that described in U.S. Patent App. No.
17/946,295. The treadmill 400 has a belt 402 that is ro-
tated such that a user can run or walk on the belt 402.
The belt 402 includes a running upper strand and a re-
turning lower strand that continuously cycle about belt
rollers in a conventional manner. While the present dis-
closure describes the treadmill 400 as having a motor
that rotates the belt 402, the present disclosure also con-
templates configurations of treadmills in which the user
manually rotates the belt 402. It should be recognized
that while a treadmill 400 is used in this example, another
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type of exercise machine may be used as the reference
for controlling the exercise machine 20.
[0081] The treadmill 400 is supported on a base 420
having a front 421 and rear 422, left 423 and right 424,
and top 425 and bottom 426. The base 420 is supported
on feet 412 with casters. Operation of the treadmill 400
is controlled by a console 410 in a manner known in the
art, which for example controls the speed of the belt 402,
an incline of the belt 402 relative to a horizontal plane via
a height adjustment system 430 in a manner known in
the art, resistance levels (for example with bicycles, row-
ers, elliptical trainers, and/or manual treadmills in which
the user rotates the belt), and/or other functions custom-
ary for operating treadmills as known in the art. The con-
sole 410 may include a control system 440 like the control
system 200 of FIG. 11. The control system 440 controls
the height adjustment system 430 to provide an incline
for performing the exercise motion of the treadmill 400
according to an incline setting (which may be received
in one of the manners discussed above for the exercise
machine 20). In the illustrated example, the height ad-
justment system 430 is adjustable via a linear actuator
431 that causes the base 420 to move vertically to change
an incline angle 434 of the belt 402 relative to the hori-
zontal plane (e.g., the floor 436). The height adjustment
system 430 is shown operating according to an incline
setting of 3 degrees (e.g., being provided by the user via
the console 410). As such, the treadmill 400 can also be
referred to as having an incline of 3 degrees.
[0082] The control system 440 of the treadmill 400 and
the control system 200 of the exercise machine 20 each
communicate with a control system 500 via a cloud 202.
The cloud 200 may be an internet-based computing net-
work as known in the art, for example AWS by Amazon
®. The control system 500, control system 200, and/or
control system 440 may also or alternatively communi-
cate via other known networking configurations, includ-
ing hardwired connections. The control system 500 may
be configured like the control system 200 shown in FIG.
11, whereby the control system 440 and the control sys-
tem 200 are each both input devices and output devices
of the control system 500.
[0083] In certain configurations, the control system 200
controls the resistance of the exercise machine 20 to
cause the exertion to be similar or equal to the expected
exertion of performing the exercise motion of the treadmill
400 at the same incline setting (here both being 3 de-
grees). The treadmill 400 may store reference exertion
data corresponding to performing the exercise motion at
the different incline settings in memory to be accessible
for controlling the exercise machine 20 though the cloud
202 and control system 500.
[0084] Alternatively, both the exercise machine 20 and
the treadmill 400 may be controlled at the same time by
the control system 500. In certain embodiments, the con-
trol system 500 controls both the exercise machine 20
and the treadmill 400 to cause the same amount of ex-
ertion when the respective exercise motions are per-

formed at a given incline setting. This functionality may
be particularly advantageous in the case of a training
session in which the instructor is leading users that are
performing different exercise motions with different types
of exercise machines. By way of example, if the instructor
wishes to increase the exertion of treadmill users by in-
creasing the incline from 5% to 8%, a scaled adjustment
may be provided for a user of an elliptical trainer so as
to provide an equivalent increase in exertion.
[0085] Returning to the method of FIG. 12, additional
information is now provided for an example of a method
for controlling the resistance of an exercise machine
based on reference exertion data. Steps 302 and 304
may proceed in the same manner described above. Fol-
lowing step 304, the process continues along alternate
path B to step 305, which determines whether the system
is configured to control resistance based on reference
exertion data. As described above, this may mean de-
termining whether the user has activated this feature for
controlling the exercise machine, determining whether
resistance exercise data is available, etc. If for any reason
the system is not configured to control the resistance
based on reference exercise data, the process continues
to step 306 and proceeds in the same manner discussed
above.
[0086] If instead it is determined in step 305 that the
system is configured to control the resistance based on
reference exercise data (and such reference exercise
data exists and is available), the process continues to
step 307. Step 307 provides for determining a resistance
modifier based on the reference exertion data in addition
to being based on the incline setting received in step 304.
Examples for determining the resistance modifier based
on the reference exertion data were provided above and
are not repeated here for the sake of brevity. Steps 308
through 312 then proceed in the same manner described
above, whereby the resistance is ultimately controlled
based in part on the reference exercise data via step
307.In this manner, the exercise machines and methods
disclosed herein provide for dynamic resistance that var-
ies as a function of incline such that the exertion by the
user for performing the exercise motion thereby changes
when the incline setting changes. This provides a more
desirable user experience that better simulates real-
world conditions when changing incline.

Additional Aspects of the Present Disclosure

[0087] Certain aspects of the present disclosure relate
to exercise machines for performing an exercise motion.
A resistance mechanism controls a resistance for per-
forming the exercise motion. An adjustment device con-
trols an incline for performing the exercise motion. A con-
trol system is operatively coupled to the resistance mech-
anism and the adjustment device. The control system is
configured to receive a resistance setting for controlling
the resistance and to receive an incline setting for con-
trolling the inline. The control system if further configured
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to determine a resistance modifier for adjusting the re-
sistance based on the incline setting and to adjust the
resistance setting based on the resistance modifier to
provide a modified resistance setting. The control system
is further configured to control the adjustment device
based on the incline setting and control the resistance
mechanism based on the modified resistance setting,
whereby adjusting the resistance setting causes an ex-
ertion by a user for performing the exercise motion to
change when the incline setting is changed.
[0088] The exercise motion may include a striding ex-
ercise motion. The control system may be configured to
determine the resistance modifier such that a given
change in the incline setting changes the exertion by the
user to correspond to a change in exertion from changing
an incline setting of a reference exercise machine by that
given change. The reference exercise machine may in-
clude a treadmill.
[0089] The control system may be configured to re-
ceive at least one of the resistance setting and the incline
setting from the user.
[0090] The control system may be configured to deter-
mine the resistance modifier based also on the resistance
setting.
[0091] The control system may be configured to deter-
mine the resistance modifier based also on at least one
of a weight of the user, a heartrate of the user, a force
exerted by the user when performing the exercise motion,
and a speed in which the exercise motion is performed.
[0092] The control system may include a memory sys-
tem that stores an algorithm, whereby the control system
is configured to determine the resistance modifier at least
in part based on the algorithm.
[0093] Further aspects of the present disclosure relate
to methods for controlling an exercise machine for per-
forming an exercise motion. The method includes receiv-
ing a resistance setting for controlling a resistance for
performing the exercise motion, receiving an incline set-
ting for controlling an incline for performing the exercise
motion, determining a resistance modifier for adjusting
the resistance setting based on the incline setting, and
adjusting the resistance setting based on the resistance
modifier to provide a modified resistance setting. The
method further includes controlling the incline based on
the incline setting and controlling the resistance based
on the modified resistance setting, whereby the resist-
ance setting is adjusted such that an exertion by a user
for performing the exercise motion is caused to change
when the incline setting is changed.
[0094] The method may further include determining
the resistance modifier based also on a reference exer-
tion for performing a reference exercise motion with a
reference exercise machine having an incline controlled
at the incline setting. The method may further include
determining the resistance modifier such that the exertion
for performing the exercise motion is approximately the
same as the reference exertion. The method may further
include storing information relating to the reference ex-

ertion of the reference exercise machine as a function of
the incline setting thereof, and referencing the informa-
tion for determining the resistance modifier.
[0095] The method may further include receiving a
scale setting and determining the resistance modifier
based on the scale setting. The method may further in-
clude receiving an input from the user and basing the
scale setting on the input.
[0096] The method may further include receiving an
input from the user and basing at least one of the resist-
ance settings and the incline setting on the input.
[0097] The method may further include determining
the resistance modifier based also on the resistance set-
ting.
[0098] The method may further include determining at
least one of a weight of the user, a heartrate of the user,
a force exerted by the user when performing the exercise
motion, and a speed in which the exercise motion is per-
formed and determining the resistance modifier based
thereon.
[0099] Further aspects of the present disclosure relate
to exercise machines for performing an exercise motion
based on a reference exercise machine for performing a
reference exercise motion. A resistance mechanism con-
trols a resistance for performing the exercise motion. An
adjustment device controls an incline for performing the
exercise motion. A control system is operatively coupled
to the resistance mechanism and the adjustment device.
The control system is configured to receive a resistance
setting for controlling the resistance, receive an incline
setting for controlling the incline, determine a resistance
modifier for adjusting the resistance based on the incline
setting and based on a reference exertion for performing
the reference exercise motion at the incline setting, and
adjust the resistance setting based on the resistance
modifier to provide a modified resistance setting. The
control system is further configured to control the adjust-
ment device based on the incline setting and to control
the resistance mechanism based on the modified resist-
ance setting, whereby the resistance setting is adjusted
such that changing the incline setting changes the refer-
ence exertion and changes an exertion by a user for per-
forming the exercise motion correspondingly.
[0100] The reference exercise machine may include a
treadmill.
[0101] The exercise motion may include a striding ex-
ercise motion.
[0102] The exercise machine may further include a
memory system that stores information relating to the
reference exertion for performing the reference exercise
motion. The information may be part of an algorithm used
to determine the resistance modifier.
[0103] The control system may be further configured
to determine the resistance modifier based at least one
of a weight of the user and a speed in which the exercise
motion is performed.
[0104] The reference exertion may also be based on
at least one of a weight of a user and a speed at which
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the reference exercise motion is performed.
[0105] The control system may be configured to deter-
mine the resistance modifier based also on the resistance
setting.
[0106] Further aspects of the present disclosure relate
to methods for controlling an exercise machine for per-
forming an exercise motion based on a reference exer-
cise machine for performing a reference exercise motion.
The method includes receiving a resistance setting for
controlling a resistance for performing the exercise mo-
tion, receiving an incline setting for controlling an incline
for performing the exercise motion, determining a resist-
ance modifier for adjusting the resistance setting based
on the incline setting and based on a reference exertion
for performing the reference exercise motion at the in-
cline setting, and adjusting the resistance setting based
on the resistance modifier to provide a modified resist-
ance setting. The method further includes controlling the
incline based on the incline setting and controlling the
resistance based on the modified resistance setting,
whereby the resistance setting is adjusted such that
changing the incline setting changes the reference exer-
tion and changes an exertion by a user for performing
the exercise motion correspondingly.
[0107] The method may further include receiving a
scale setting and determining the resistance modifier
based on the scale setting. The method may further in-
clude receiving an input from the user and basing the
scale setting on the input.
[0108] The method may further include storing infor-
mation relating to the reference exertion of the reference
exercise machine as a function of the incline setting
thereof, and referencing the information for determining
the resistance modifier.
[0109] The method may further include receiving an
input from the user and basing at least one of the resist-
ance setting and the incline setting on the input.
[0110] The method may further include determining
the resistance modifier based also on the resistance set-
ting.
[0111] The method may further include determining at
least one of a weight of the user, a heartrate of the user,
a force exerted by the user when performing the exercise
motion, and a speed in which the exercise motion is per-
formed and determining the resistance modifier based
thereon.
[0112] Although specific advantages have been enu-
merated above, various examples may include some,
none, or all of the enumerated advantages. Other tech-
nical advantages may become readily apparent to one
of ordinary skill in the art after review of the following
figures and description. Modifications, additions, or omis-
sions may be made to the systems, apparatuses, and
methods described herein without departing from the
scope of the disclosure. For example, the components
of the systems and apparatuses may be integrated or
separated. Moreover, the operations of the systems and
apparatuses disclosed herein may be performed by

more, fewer, or other components and the methods de-
scribed may include more, fewer, or other steps. Addi-
tionally, steps may be performed in any suitable order.
As used in this document, "each" refers to each member
of a set or each member of a subset of a set.
[0113] The functional block diagrams, operational se-
quences, and flow diagrams provided in the Figures are
representative of exemplary architectures, environ-
ments, and methodologies for performing novel aspects
of the disclosure. While, for purposes of simplicity of ex-
planation, the methodologies included herein may be in
the form of a functional diagram, operational sequence,
or flow diagram, and may be described as a series of
acts, it is to be understood and appreciated that the meth-
odologies are not limited by the order of acts, as some
acts may, in accordance therewith, occur in a different
order and/or concurrently with other acts from that shown
and described herein. For example, those skilled in the
art will understand and appreciate that a methodology
can alternatively be represented as a series of interrelat-
ed states or events, such as in a state diagram. Moreover,
not all acts illustrated in a methodology may be required
for a novel implementation.
[0114] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to make and use the
invention. Certain terms have been used for brevity, clar-
ity, and understanding. No unnecessary limitations are
to be inferred therefrom beyond the requirement of the
prior art because such terms are used for descriptive
purposes only and are intended to be broadly construed.
The patentable scope of the invention is defined by the
claims and may include other examples that occur to
those skilled in the art. Such other examples are intended
to be within the scope of the claims if they have features
or structural elements that do not differ from the literal
language of the claims, or if they include equivalent fea-
tures or structural elements with insubstantial differences
from the literal languages of the claims.
[0115] The following clauses set of features of the in-
vention which may or may not be presently claimed, but
which may form the basis for claim amendments or future
divisional applications.

CLAUSES

[0116]

1. An exercise machine for performing an exercise
motion, the exercise machine comprising:

a resistance mechanism that controls a resist-
ance for performing the exercise motion;

an incline adjustment device that controls an in-
cline for performing the exercise motion; and

a control system operatively coupled to the re-
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sistance mechanism and the incline adjustment
device, the control system being configured to:

receive a resistance setting for controlling
the resistance;

receive an incline setting for controlling the
incline;

determine a resistance modifier for adjust-
ing the resistance based on the incline set-
ting;

adjust the resistance setting based on the
resistance modifier to provide a modified re-
sistance setting;

control the incline adjustment device based
on the incline setting; and

control the resistance mechanism based on
the modified resistance setting;

wherein controlling the resistance mechanism
based on the modified resistance setting causes
an exertion by a user for performing the exercise
motion to change when the incline setting is
changed.

2. The exercise machine according to clause 1,
wherein the exercise machine is configured such that
the exercise motion comprises a striding exercise
motion.

3. The exercise machine according to clause 1,
wherein the control system is configured to deter-
mine the resistance modifier such that a given
change in the incline setting changes the exertion
by the user to correspond to a change in a reference
exertion from changing an incline setting of a refer-
ence exercise machine by that given change.

4. The exercise machine according to clause 3,
wherein the reference exercise machine comprises
a treadmill.

5. The exercise machine according to clause 3,
wherein the resistance modifier is determined such
that the exertion for performing the exercise motion
is approximately the same as the reference exertion.

6. The exercise machine according to clause 5,
wherein the control system is configured to deter-
mine the resistance modifier based also on at least
one of a weight of the user, a heartrate of the user,
a force exerted by the user when performing the ex-
ercise motion, and a speed in which the exercise
motion is performed.

7. The exercise machine according to clause 1,
wherein the control system is configured to deter-
mine the resistance modifier based also on at least
one of a weight of the user, a heartrate of the user,
a force exerted by the user when performing the ex-
ercise motion, and a speed in which the exercise
motion is performed.

8. A method for controlling an exercise machine for
performing an exercise motion, the method compris-
ing:

receiving a resistance setting for controlling a
resistance for performing the exercise motion;

receiving an incline setting for controlling an in-
cline for performing the exercise motion;

determining a resistance modifier for adjusting
the resistance setting based on the incline set-
ting;

adjusting the resistance setting based on the re-
sistance modifier to provide a modified resist-
ance setting;

controlling the incline based on the incline set-
ting; and

controlling the resistance based on the modified
resistance setting;

wherein the resistance is controlled based on
the modified resistance setting so that an exer-
tion by a user for performing the exercise motion
is caused to change when the incline setting is
changed.

9. The method according to clause 8, further com-
prising determining the resistance modifier based al-
so on a reference exertion for performing a reference
exercise motion with a reference exercise machine
having an incline controlled at the incline setting,
wherein the reference exertion is stored in memory,
and wherein the resistance modifier is determined
such that the exertion for performing the exercise
motion is approximately the same as the reference
exertion.

10. The method according to clause 8, further com-
prising receiving a scale setting and determining the
resistance modifier based on the scale setting,
wherein the scale setting changes how much the re-
sistance modifier varies as a function of the incline
setting.

11. The method according to clause 10, further com-
prising receiving an input from the user and basing
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the scale setting on the input.

12. The method according to clause 8, further com-
prising receiving an input from the user and basing
at least one of the resistance setting and the incline
setting on the input.

13. The method according to clause 8, further com-
prising determining the resistance modifier based al-
so on the resistance setting.

14. The method according to clause 8, further com-
prising determining at least one of a weight of the
user, a heartrate of the user, a force exerted by the
user when performing the exercise motion, and a
speed in which the exercise motion is performed and
determining the resistance modifier based thereon.

15. A method for controlling an exercise machine for
performing an exercise motion based on a reference
exercise machine for performing a reference exer-
cise motion, the method comprising:

receiving a resistance setting for controlling a
resistance for performing the exercise motion;

receiving an incline setting for controlling an in-
cline for performing the exercise motion;

determining a resistance modifier for adjusting
the resistance setting based on the incline set-
ting and based on a reference exertion for per-
forming the reference exercise motion at the in-
cline setting using the reference exercise ma-
chine;

adjusting the resistance setting based on the re-
sistance modifier to provide a modified resist-
ance setting;

controlling the incline based on the incline set-
ting; and

controlling the resistance based on the modified
resistance setting;

wherein the resistance is controlled based on
the modified resistance setting so that changing
the incline setting changes the reference exer-
tion and causes a change in an exertion by a
user for performing the exercise motion corre-
spondingly.

16. The method according to clause 15, further com-
prising receiving a scale setting and determining the
resistance modifier based on the scale setting,
wherein the scale setting changes how much the re-
sistance modifier varies as a function of the incline

setting.

17. The method according to clause 16, further com-
prising receiving an input from the user and basing
the scale setting on the input.

18. The method according to clause 15, further com-
prising receiving an input from the user and basing
at least one of the resistance setting and the incline
setting on the input.

19. The method according to clause 15, further com-
prising determining the resistance modifier based al-
so on the resistance setting.

20. The method according to clause 15, further com-
prising determining at least one of a weight of the
user, a heartrate of the user, a force exerted by the
user when performing the exercise motion, and a
speed in which the exercise motion is performed,
and determining the resistance modifier based ther-
eon.

Claims

1. An exercise machine for performing an exercise mo-
tion, the exercise machine comprising:

- a resistance mechanism that controls a resist-
ance for performing the exercise motion;
- an incline adjustment device that controls an
incline for performing the exercise motion; and
- a control system operatively coupled to the re-
sistance mechanism and the incline adjustment
device, the control system being configured to:
- receive a resistance setting for controlling the
resistance;
- receive an incline setting for controlling the in-
cline;
- determine a resistance modifier for adjusting
the resistance based on the incline setting;
- adjust the resistance setting based on the re-
sistance modifier to provide a modified resist-
ance setting;
- control the incline adjustment device based on
the incline setting; and
- control the resistance mechanism based on
the modified resistance setting; wherein control-
ling the resistance mechanism based on the
modified resistance setting causes an exertion
by a user for performing the exercise motion to
change when the incline setting is changed.

2. The exercise machine according to claim 1, wherein
the exercise machine is configured such that the ex-
ercise motion comprises a striding exercise motion.
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3. The exercise machine according to claim 1 or 2,
wherein the control system is configured to deter-
mine the resistance modifier such that a given
change in the incline setting changes the exertion
by the user to correspond to a change in a reference
exertion from changing an incline setting of a refer-
ence exercise machine by that given change.

4. The exercise machine according to claim 3, wherein
the reference exercise machine comprises a tread-
mill.

5. The exercise machine according to claim 3 or 4,
wherein the resistance modifier is determined such
that the exertion for performing the exercise motion
is approximately the same as the reference exertion.

6. The exercise machine according to any one of the
preceding claims, wherein the control system is con-
figured to determine the resistance modifier based
also on at least one of a weight of the user, a heartrate
of the user, a force exerted by the user when per-
forming the exercise motion, and a speed in which
the exercise motion is performed.

7. A method for controlling an exercise machine for per-
forming an exercise motion, the method comprising:

- receiving a resistance setting for controlling a
resistance for performing the exercise motion;
- receiving an incline setting for controlling an
incline for performing the exercise motion;
determining a resistance modifier for adjusting
the resistance setting based on the incline set-
ting;
- adjusting the resistance setting based on the
resistance modifier to provide a modified resist-
ance setting;
- controlling the incline based on the incline set-
ting; and
- controlling the resistance based on the modi-
fied resistance setting,
wherein the resistance is controlled based on
the modified resistance setting so that an exer-
tion by a user for performing the exercise motion
is caused to change when the incline setting is
changed.

8. The method according to claim 7, further comprising
determining the resistance modifier based also on a
reference exertion for performing a reference exer-
cise motion with a reference exercise machine hav-
ing an incline controlled at the incline setting, wherein
the resistance modifier is determined such that the
exertion for performing the exercise motion is ap-
proximately the same as the reference exertion.

9. The method according to claim 8, wherein the refer-

ence exertion is stored in memory of a control system
of the exercise apparatus.

10. The method according to any one of claims 7-9, fur-
ther comprising receiving a scale setting and deter-
mining the resistance modifier based on the scale
setting, wherein the scale setting changes how much
the resistance modifier varies as a function of the
incline setting.

11. The method according to claim 10, further compris-
ing receiving an input from the user and basing the
scale setting on the input.

12. The method according to any one of claims 7-11,
further comprising receiving an input from the user
and basing at least one of the resistance setting and
the incline setting on the input.

13. The method according to any one of claims 7-12,
further comprising determining the resistance mod-
ifier based also on the resistance setting.

14. The method according to any one of claims 7-13,
further comprising determining at least one of a
weight of the user, a heartrate of the user, a force
exerted by the user when performing the exercise
motion, and a speed in which the exercise motion is
performed and determining the resistance modifier
based thereon.
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