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(57) Ergometric exercise device 10 comprises a foot-operable
drive including drive elements in the form of foot-driven 14
pedals 18 mounted via pedal cranks 20 to opposite sides
of a drive wheel 22. A flywheel 24 with a magnetic rim
(Fig 6, 38) is coupled to the drive wheel 22 via a gear
mechanism 26. The exercise device 10 has a brake
device (Fig 6, 40) in the form of one or more permanent
magnets (Fig 6, 44a,44b) mounted for movement by
means of a motor (Fig 6, 42) towards and away from the
magnetic rim (38) of the flywheel 24 to selectively adjust
a braking force applied to the flywheel 24. There is a
measuring unit for measuring drive force or torque and a 16
measuring device for measuring cadence. A command
module receives the measurements, calculates
performance parameters for the user and controls the
movement of the permanent magnets (44a, 44b) relative
to the magnetic rim (38) of the flywheel 24, in order to
alter the braking force and thereby adjust the
performance parameters so that they conform with a
predetermined performance profile. 24
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STATIONARY ERGOMETRIC EXERCISE DEVICE

The invention relates to a stationary ergometric exercise device.

The invention also relates to a method of operating a stationary ergometric exercise device

and to a computer program or computer program product.

According to a first aspect of the invention there is provided a stationary ergometric
exercise device comprising:

a foot-operable drive including alternately operable drive including alternately
operable drive elements in the form of foot-driven pedals mounted via pedal cranks to
opposite sides of a drive wheel;

a flywheel coupled to the drive wheel via a gear mechanism, the flywheel including
a magnetic rim;

a brake device in the form of one or more permanent magnets mounted for
movement by means of a motor towards and away from the magnetic rim of the flywheel
so as to selectively adjust a braking force applied to the flywheel by means of the or each
permanent magnet;

a measuring unit for measuring, in use, at least one of the drive force applied via
the drive and the torque related to it;

a measuring device for measuring, in use, cadence,

a command module connected to the measuring unit, the measuring device and
the motor of the brake device; and

a communications module connected to the command module and configured to
receive command signals and transmit those command signals to the command module
and configured to transmit feedback signals received from the command module reporting
user performance,

wherein the command module is configured to receive measurements from the
measuring unit and the measuring device and to use those measurements to calculate
one or more performance parameters and to compare the or each performance parameter
against a predetermined performance profile and to control the motor so as to move the
or each permanent magnet relative to the magnetic rim of the flywheel in order to adjust
the braking force applied by the or each permanent magnet and thereby tune the
measurements received from the measuring unit and the measuring device so as to adjust
the or each performance parameter calculated by the command module to conform with

the predetermined performance profile.
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In the context of the invention, the term “cadence” is intended to refer to the rate of
pedalling of a user, which is usually calculated in terms of the number of revolutions of the

cranks per minute.

It will be appreciated that the provision of a brake device including one or more permanent
magnets movable relatively to a magnetic rim of a flywheel provides a mechanism whereby
it is possible to apply a force aimed at resisting rotation of the flywheel. Whilst the size of
the magnetic force provided by the or each of the permanent magnets remains constant,
the ability to move the or each permanent magnet towards and away from the flywheel
enables the size of the braking force applied to the flywheel and thus the force resisting

rotation of the flywheel to be varied and adjusted.

The use of a motor to drive movement of the or each of the permanent magnets relative
to the magnetic rim of the flywheel facilitates remote operation of the brake device and
eliminates the need for a user to manually adjust the position of the or each of the
permanent magnets relative to the magnetic rim of the flywheel. This in turn allows the
size of the braking force applied to the flywheel to be varied and adjusted immediately in
response to measureménts from the measuring unit and the measuring device, and allows
regular adjustments of the position of the brake device relative to the magnetic rim of the

flywheel during use of the stationary ergometric exercise device.

The use of one or more permanent magnets is particularly advantageous in that the
applicant has discovered that the size of the magnetic force available from a permanent
magnet per unit mass is significantly greater than can be achieved through the use of an

electro-magnet.

Accordingly it is possible readily to increase the size of the magnetic force available from
the brake device by including additional permanent magnets that are relatively small in
size. This in turn greatly increases the flexibility of the resultant braking arrangement in
that it allows the creation of a much greater range of braking force available from the
interaction between the brake device and the magnetic rim of the flywheel. This in turn
means that the use of one or more permanent magnets allows the creation of an
arrangement that is more powerful and lighter than can be achieved through the use of an

electro-magnet.

The use of one or more permanent magnets also reduces the power consumption required
by the device when compared with a braking arrangement involving the use of an electro-
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magnet. The total power required by the motor, the command module and the
communications module is such that the stationary ergometric exercise device may be
powered by means of a battery as opposed to a larger power source, such as a mains
power outlet, which would almost certainly be required in order to power a device utilising

an electro-magnet capable of producing the same range of braking force.

The provision of a command module configured in the manner outlined above also allows
a user to set a predetermined performance profile for a particular training or exercise
program. The command module in turn collects and compares real-time data against the
predetermined performance profile and controls the motor to adjust the braking force
applied to the flywheel so as to affect the resistance to rotation of the flywheel, and thus
resistance to pedalling, experienced by a user in real time. As outlined above, by
appropriate adjustment of the position of the brake device relative to the magnetic rim of
the flywheel, the command module is able to tune the measurements received from the
measuring unit and the measuring device so as to adjust the or each performance
parameter calculated by the command module to conform with the predetermined

performance profile.

In its simplest form, the predetermined performance profile may be set to ensure that a
user operates the device at a constant power output. This may be achieved by using the
cadence and force and/or torque measurements to calculate the actual power output of
the user, comparing the calculated power against the set power output value and
controlling the motor so as to increase or decrease the braking force so as to require the
user to apply a greater or lower force to the pedals in order to achieve the required power

output.

The ability on the part of the command module to monitor the performance of the user by
reference to the measurements obtained from the measuring device and the measuring
unit means that the command module is able to re-adjust the position of the brake device
relative to the magnet rim of the flywheel during continued operation of the exercise device
with a view to creating a braking force that allows the user to achieve the required power

output at a comfortable cadence.

The ability to control the power output of a user can be particularly beneficial for medical
and laboratory purposes in assessments where the primary importance is for the user to
produce a constant power output and the cadence and/or force applied to the pedals is of

a lower importance for the purposes of completing the assessment.



10

15

20

25

30

35

It will be appreciated that the predetermined performance profile may be tailored to create
various effects. For example, in another mode of operation, the performance profile may
be set so as to define a relationship between power output and cadence for a particular
gear. This would result in a curvilinear relationship between the power output and

cadence.

In such a mode of operation, the command module may again use the cadence and force
and/or torque measurements to calculate the actual power output of the user and to then
compare those values against a particular curvilinear relationship between the power
output and cadence. The command module may then operate the motor so as to move
the brake device towards or away from the magnetic rim of the flywheel so as to increase
or reduce the braking force and thereby reduce or increase accordingly the force required
from the user to maintain the cadence and thereby achieve the power output
corresponding to that cadence on the predetermined performance profile.

The provision of a communications module connected to the command module and
configured to receive command signals and to transmit feedback signals reporting user
performance allows the stationary ergometric exercise device to be connected to an

external device for the purposes of providing a user interface.

It is envisaged, for example, that the communications module could be connected to a
smart phone, tablet, smart watch or other computing device running an application
configured to communicate with the communications module and thereby allow a user to
input data for the purposes of creating a predetermined performance profile. It could also
be connected to such a device to also allow the creation of a visualisation of the feedback
signals on a screen of the device. The interface could, for example, display the cadence
and/or force measurements. It could also or alternatively display one or more performance
parameters calculated by the command module from the measurements obtained from the

measuring device and the measuring unit.

Preferably the measuring unit is configured to continuously measure, in use, at least one
of the drive force applied via the drive and the torque related to it. By continuous, it is
envisaged that the measuring unit might measure the force applied via the drive and/or

the torque related to it up to 100 times per second.
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In such embodiments, such continuous monitoring of the driving force and/or torque
related to it allows the command module to continuously re-calculate the one or more
performance parameters for comparison with the predetermined performance profile.
Accordingly the command module may control the motor so as to allow continuous

adjustment of the braking force applied by the brake device.

This is particularly advantageous in that it provides a more dynamic and real-time response
to changes in a user's performance than might otherwise be obtained through more

intermittent monitoring of the drive force and/or torque related to it.

In rudimentary embodiments of the invention it is envisaged that the command module
may be programmed to include a series of predetermined performance profiles from which
a user might select before commencing a training program. In particularly preferred
embodiments however it is envisaged that the command module may be configured to
calculate the predetermined performance profile on receipt of performance characteristic

data in the form of command signals from the communications module.

For example, in such embodiments, a user may input a series of cycling parameters that
are in turn communicated to the command module via the communications module and
allow the command module to calculate a tailor-made predetermined performance profile

based on the selected cycling parameters.

It is envisaged that the performance characteristic data may include information
concerning one or more static cycling parameters selected from the group consisting of
angle of inclination of cycling surface, rolling resistance between bicycle tyre and cycling

surface, mass of cyclist, mass of bicycle and cyclist power output.

It is also envisaged that the performance characteristic data may include information
concerning one or more dynamic cycling parameters selected from the group consisting
of air resistance created by changes in wind speed, air resistance created by changes in
altitude and air resistance created through the use of a fan.

In such embodiments, the command module would be configured to calculate the effects
of any selected cycling parameters on the drag force that a cyclist would experience riding
a bicycle under those conditions and to calculate a predetermined performance profile
taking into account the additional drag force. The command module could, for example,

generate a predetermined performance profile based on power output versus cadence



10

15 .

20

25

30

35

calculated to take account of the drag force that would be experienced as a result of the
selected cycling parameters. This would allow the command module to control the motor
and thereby control movement of the brake device relative to the magnetic rim of the
flywheel so as to create the required drag force and thereby simulate various cycling

conditions.

It will be appreciated that by appropriate selection of cycling parameters a user could
create command signals instructing the command module to simulate an infinite number
of combinations of cycling conditions. For example, the command module could simulate
a light cyclist riding a light bicycle on a velodrome surface; the same cyclist and bicycle on
a dirt track; the same cyclist and bicycle on a 5° inclined surface; the same cyclist and
bicycle on a -5° inclined surface with a back wind of 10 miles per hour. The command
module could also, for example, simulate a stationary ergometric exercise device having
a fan with vents on an outer housing of the fan that can be adjusted so as to adopt various
positions and thereby affect and control the airstream travelling through the fan on

operation of the pedals to drive rotation of the fan.

With reference to the dynamic cycling parameters referred to above, it will be appreciated
that the drag force experienced by a cyclist under such conditions will vary according to
speed as a result of fluid dynamics. Accordingly in particularly preferred embodiments,
the command module is configured to use measurements received from the measuring
device to calculate speed of rotation of the flywheel. It will be appreciated that the speed
of rotation of the flywheel will provide a value indicative of the actual speed of a bicycle
which could then be used by the command module to adjust the predetermined
performance profile so as to reflect the effect of the user's speed on the one or more
dynamic cycling parameters employed in the calculation of the predetermined

performance profile.

It is envisaged that in order to input the selected cycling parameters, a user will ideally
connect an external device, such as a smart phone, tablet, smart watch or other computing

device to the communications module of the stationary ergometric exercise device.

In embodiments of the invention such a connection may be achieved by means of a wired
connection. In such embodiments a data cable, such as a USB cable, may be connected

between sockets on the external device and the communications module.
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In other embodiments of the invention such a connection may be achieved through the
inclusion in the communications module of a radio configured to receive command signals
and transmit feedback signals via a wireless communications protocol. The radio could,
for example, be configured to form a paired communications link with an external device
by means of a BLUETOOTH ® or ANT+ ® communications link.

It will be appreciated that other wireless communications protocols could be used in order
to create a wireless communications link between the communications module and an
external device such as a smart phone, tablet, smart watch or other computing device
depending on the functionality available from the external device and the functionality of

the radio included in the communications module.

In order to control movement of the or each permanent magnets relative to the magnetic
rim of the flywheel the or each permanent magnet may be mounted in a yoke element
connected to the motor to drive movement of the yoke towards. and away from the
magnetic rim of the flywheel and thereby drive movement of the or each permanent

magnet towards and away from the magnetic rim of the flywheel.

It is envisaged that in embodiments of the invention the flywheel may be formed from steel
with a copper insert provided around an outer edge in order to create a magnetic rim

section.

In particularly preferred embodiments, the flywheel may include a pair of wheel elements
mounted on a common axle for rotation. In such embodiments, each of the wheel elements
includes a magnetic rim and the brake device includes two sets of permanent magnets,
each of the sets of permanent magnets being mounted for movement together with the
other set of permanent magnets towards and away from the magnetic rim of a respective

one of the wheel elements.

As outlined above, a stationary ergometric exercise device according to the invention
requires the inclusion of a measuring unit to measure the drive force applied via the drive
and/or the torque related to it. In particularly preferred embodiments the stationary
ergometric exercise device includes a measuring unit to measure drive force applied via
the drive. In such embodiments the measuring unit includes an arm applied to a chain of
the gear mechanism, the arm pressing slightly on the side of the chain and the measuring
unit further including a measuring sensor to measure the restoring force applied by the

traction mechanism to the arm.
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In order to calculate feedback signals indicative of a user's performance, the command
module may be configured to calculate and continuously output in the form of feedback
signals to the communications module the temporal progress of the drive force and/or
related torque, as well as variables derivable from it, on the basis of the measurements

delivered to the command module by the measuring unit.

In order to measure cadence, the measuring device may include a pair of sensor pieces
attached to the drive wheel and at least one sensor positioned in a stationary location

relative to the drive wheel.

In other such embodiments, the measuring device may include a pair of sensors positioned
in stationary locations relative to the drive wheel and at least one sensor piece attached to

the drive wheel.

In either case, the or each sensor piece is movable with the drive wheel relative to the or
each sensor on operation of the drive by means of which the or each sensor detects a
passing sensor piece and is thereby able to calculate the speed of rotation of the drive

wheel and thus the cadence or pedalling rate of the user.

By appropriate positioning of the or each sensor piece and the or each sensor the or each
sensor detects a passing sensor piece when the gear wheel is located at one of two
specific angular positions, the positions being located 180° apart and corresponding to

positions in motion of load alternation between the alternately operable drive elements.

Preferably the or each sensor piece is a magnet and the or each sensor is a magnetic field

Sensor.

The ability to identify positions in motion of load alternation allows the measuring device
to identify the times of load aiternation between the alternately operable drive elements.
In such embodiments, the command module may be further configured so as to receive
signals from the measuring device identifying the times of load alternation between the
alternately operable drive elements and, using the times of load alternation identified by
the measuring device, to apportion variables calculated on the basis of measurements

received from the measuring unit alternately to a right limb or left limb or a user.
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This information may be transmitted via the communications module to an external device
so as to display a POLAR VIEW ™ illustrating the user’s pedalling performance and
technique with specific reference to the user’s right and left limbs and thereby making it
possible for the user to determine the areas in which his or her pedalling performance

and/or technique might require improvement.

In a second aspect of the invention there is provided a method of operating a stationary
ergometric exercise device including a foot-operable drive having alternately operable
drive elements in the form of foot-driven pedals mounted via cranks to opposite sides of a
gear wheel; a flywheel coupled to the gear wheel via a gear mechanism, the flywheel
including a magnetic rim; a brake device in the form of one or more permanent magnets
mounted for movement by means of a motor towards and away from the magnetic rim of
the flywheel so as to selectively adjust a braking force applied to the flywheel by means of
the or each permanent magnet;, a measuring unit for measuring, in use, at least one of
drive force applied via the drive and the torque related to it; and.a measuring unit for
measuring, in use, cadence,

the method comprising the steps of:

using measurements received from the measuring unit and the measuring device
to calculate one or more performance parameters;

comparing the or each performance parameter against a predetermined
performance profile; and

controlling the motor so as to move the or each permanent magnet relative to the
magnetic rim of the flywheel in order to adjust the braking force applied by the or each
permanent magnet and thereby tune the measurements received from the measuring unit
and the measuring device so as to adjust the or each performance parameter calculated

by the command module to conform with the predetermined performance profile.

In embodiments of the invention the method may further include the step of inputting
performance characteristic data and calculating the predetermined performance profile

based on the performance characteristic data.

The performance characteristic data may include information concerning one or more
static cycling parameters selected from the group consisting of angle of inclination of
cycling surface, rolling resistance between bicycle tyre and cycling surface, mass of cyclist,

mass of bicycle, gear selection and cyclist power output.
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The performance characteristic data may include information concerning one or more
dynamic cycling parameters selected from the group consisting of air resistance created
by changes in wind speed, air resistance created by changes in altitude, air resistance

created by a fan.

Preferably the method further includes the step of calculating speed of rotation of the
flywheel using measurements received from the measuring device and the step of
adjusting the predetermined performance profile in response to the calculated speed so

as to reflect the effect of speed on the one or more dynamic cycling parameters.

According to a third aspect of the invention there is provided a computer program or
computer program product containing computer program code which, when executed on
a computer or processer and memory, performs the method of operating a stationary

ergometric exercise device outlined above.

Preferred embodiments of the invention will now be described, by way of non-limiting

examples, with reference to the accompanying drawings in which:

Figure 1 shows a stationary ergometric exercise device according to an
embodiment of the invention;

Figure 2 shows a measuring device of the stationary ergometric exercise device
shown in Figure 1;

Figure 3 shows a measuring unit of the stationary ergometric exercise device
shown in Figure 1;

Figure 4 shows a gear mechanism connecting a drive wheel to a flywheel of the
stationary ergometric exercise device shown in Figure 1;

Figure 5 shows a brake device and flywheel assembly of the stationary ergometric
exercise device;

Figures 6 and 7 show a command module and a motor arranged to control
movement of the brake device relative to a magnetic rim of flywheel elements of the
flywheel assembly;

Figure 8 illustrate an exemplary POLAR VIEW ™: and

Figures 9 and 10 are schematic representations of the measuring unit shown in

Figure 3.

A stationary ergometric exercise device 10 according to an embodiment of the invention

is shown in Figure 1.
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The exercise device 10 can be used, for example, as a home exercise machine, as a
training device in a fithess studio or for use in elite sport. It can also be used in the medical

field for assessment purposes.

The exercise device 10 has a bicycle-like frame 12 with a seat 14 and handlebars 16. The
positions of the seat 14 and handlebars 16 are adjustable but are intended to be fixed
during a training cycle. In the foot area, below the seat 14, the exercise device 10 includes
a foot-operable drive including alternately operable drive elements in the form of foot-
driven pedals 18. The pedals 18 are mounted via pedal cranks 20 to opposite sides of a
drive wheel 22 by means of a pedal shaft 23 (Figure 9) extending through the drive wheel
22.

A flywheel assembly 24 is coupled to the drive wheel 22 via a gear mechanism 26. In the
embodiment shown in Figure 1, the flywheel assembly 24 includes a pair of flywheel

elements 26, as shown in Figure 5, mounted on a common shaft 28 for rotation.

The gear mechanism 26 includes a chain 30 extending about the drive wheel 22 and a
pinion wheel 32 (Figure 2). Operation of the pedals 18 drives rotation of the pedal shaft,
which in turn drives rotation of the drive wheel 22. The drive wheel 22 drives rotation of
the pinion wheel 32 by means of the chain 30, which in turn drives a shaft extending
through the pinion wheel 32 and through a disc wheel 34 so as to drive rotation of the disc
wheel 34.

The disc wheel 34 drives rotation of the common shaft 28 of the flywheel assembly 24 by
means of a belt 36 (Figure 4) stretched so as to extend around the disc wheel 34 and the

common shaft 28.

Each of the flywheel elements 26 is mounted on the common shaft 28 for rotation therewith
and is formed from steel but includes a copper insert so as to form a magnetic rim section
38 (Figure 6). A brake device 40 including a plurality of permanent magnets is mounted
for movement by means of a servo motor 42 towards and away from the magnetic rims 38
of the flywheel elements 26. Movement of the permanent magnets towards and away from
the magnetic rims 38 of the flywheel elements 26 varies a braking generated by the
magnetic attraction between the permanent magnets and the magnetic rims 38 of the
flywheel elements 26. Accordingly, by moving the permanent magnets relative to the
magnetic rims 38 it is possible to adjust a braking force applied to the magnetic rims 38 of
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the flywheel elements 26 and thereby adjust the resistant to rotation of the flywheel
elements 26 created by the magnetic attraction between the magnetic rims 38 of the

flywheel elements 26 and the permanent magnets.

As shown in Figures 5 to 7, the permanent magnets are mounted so as to form two sets
of permanent magnets 44a,44b supported in a yoke 46, each set of permanent magnets
44a,44b being mounted on opposite sides of the yoke 46 for movement towards and away

from the magnetic rim 38 of a respective one of the flywheel elements 26.

So as to drive movement of the yoke 46, the yoke 46 is mounted on a first end of a threaded
shaft 48 extending through a threaded aperture formed in a support 50 mounted on the
bicycle-like frame 12. The threaded shaft 48 is secured at a second end within a drive
wheel 52, which is in turn coupled to a driven shaft 54 of the servo motor 42 by means of
a drive belt 56.

Operation of the servo motor 42 drives rotation of the driven shaft 54, which in turn drives
rotation of the drive wheel 52 by means of the drive belt 56. Engagement of the threaded
shaft 48 within the threaded aperture formed in the support 50 causes longitudinal
movement of the threaded shaft 48 into and out of the threaded aperture, towards and
away from the flywheel elements 26. The direction of travel of the threaded shaft 48, and
thus the yoke 46, depends on the direction of rotation of the driven shaft 54 of the servo

motor 42 and thus the direction of rotation of the threaded shaft 48.

The exercise device 10 includes a measuring unit 58 (Figure 2) for measuring, in use, at
least one of the drive force applied via the drive and the torque related to it. More
particularly, the measuring unit 58 includes an arm 60 attached to the bicycle-like frame
12. A glide 62, preferably made from a plastics material, is attached to the arm 60 so as
to press against an outer edge of the chain 30 extending about the drive wheel 22 and the

pinion wheel 32.

In the embodiment shown in Figure 2, the glide 62 presses the chain 30 slightly inwards.
In other embodiments, the glide 62 could be positioned inwardly of the chain so as to press
the chain 30 slightly outwardly.

In the event the chain 30 is under tension, as a result of a driving force being applied to
the foot-driven pedals 18 by a user, then a tangential component of the force acts on the
glide 62 as a restoring force that is proportional to the tension of the chain 30 and hence
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the drive force. The elastic bending of the arm 60 is measured by a stretch measuring
strip 64.

It will be appreciated that since the restoring force is proportional to the tension of the chain
30, and hence the drive force, that measurements of the restoring force can be used to
calculate the size of the driving force applied to the pedals 18 during operation of the

exercise device 10.

Similarly, because the length of each of the pedal cranks 20 is known, measurements of
the restoring force can be used to calculate the torque applied to the drive wheel 22 by

means of the pedals 18.

In order to calibrate the force measurement, a mass of known size is attached to one of
the pedals 18 and the flywheel elements 26 or the disc wheel 34 are locked so as to
prevent rotation thereof. The force measured by means of the measuring unit 58 under
these conditions allows the measuring unit 58 to be calibrated by comparing the restoring

force with the known force applied by the known mass attached to the pedal 18.

In this embodiment, the measuring unit 58 is configured to continuously measure the drive
force applied via the drive during operation of the exercise device 10. By continuous, it is
envisaged that the measuring unit 58 measures the force applied via the drive up to 100

times per second.

The exercise device 10 also includes a measuring device 66 (Figure 3) for measuring

cadence during operation of the exercise device 10.

It will be appreciated that, in the context of cycling, cadence refers to the rate of pedalling

or number of revolutions of the pedal cranks 20 per minute (RPM).

The measuring device 66 of the exercise device 10 shown in Figure 1 is illustrated
schematically in Figures 9 and 10 and includes a pair of sensor pieces 68 mounted on the
drive wheel 22 and a pair of sensors 70 positioned in stationary locations on the bicycle-

like frame 12.

The sensor pieces 68 and sensors 70 are positioned relative to each other such that, on
rotation of the drive wheel 22, each of the sensor pieces 68 passes a respective one of

the sensors 70 fixed to the bicycle-like frame 12 such that each sensor piece 68 is detected
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only once per cycle of rotation of the drive wheel 22 and is detected by the same sensor
70 on each cycle of rotation of the drive wheel 22. This is achieved by varying the radial
distance of the sensor pieces on the drive wheel 22 pedal shaft. More particularly, one of
the sensor pieces 68 is located at a greater radial distance from the pedal shaft on the
drive wheel 22 than the other of the sensor pieces 68. Similarly, by positioning the sensors
70 on the bicycle-like frame 12 so that they are located at correspondingly spaced
locations relative to the pedal shaft, each sensor 70 detects only one of the sensor pieces

68 during rotation of the drive wheel 22.

The relative positions of the sensor pieces 68 and the sensors 70 are also chosen such
that a sensor piece 68 is moved into alignment with a respective sensor 70 at 180° intervals
and such that the position in motion of the drive wheel 22 at the point at which each of the
sensor pieces 68 is moved into alignment with the respective sensor 70 corresponds to a

position in motion of load alternation between the pedals 18.

Accordingly, during each complete revolution of the drive wheel 22, the sensor pieces 68
and sensors 70 generate two signals at 180° intervals. The time between these signals
can be used to calculate the rate of rotation of the drive wheel 22 and thus the rate of

pedalling — otherwise referred to as cadence.

Similarly, because the signals are generated at 180° intervals and correspond to points at
which there is a load alternation in terms of a user switching driving force from one pedal
to the other, the signals generated by the sensor pieces 68 passing the sensors 70 can be

interpreted as being indicative of a time of load alternation.

In the embodiment illustrated in Figures 9 and 10 the sensor pieces 68 are magnets and
the sensors 70 are magnetic field sensors. In other embodiments it is envisaged that other

sensor pieces and sensors may be employed.

It is also envisaged that in other embodiments the number of sensor pieces 68 or number
of sensors 70 may be changed. In one such embodiment, one sensor piece 68 may be
fixed to the drive wheel 22 and the sensors 70 may be mounted on the bicycle-like frame
12 at fixed locations such that the sensor piece 68 passes each of the sensors 70 at
intervals of 180°. In such an embodiment, the sensor piece 68 and sensors 70 are again
located relative to each other such that the sensor piece 68 is moved into alignment with
each of the sensors 70, during rotation of the drive wheel 22, at a position in motion of the

drive wheel 22 corresponding to a load alternation between the foot operable pedals 18.
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In another such embodiment, a pair of sensor pieces 68 may be fixed to the drive wheel
22 and one sensor 70 may be mounted on the bicycle-like frame 12 at a fixed location
such that each of the sensor pieces 68 passes the sensor 70 at intervals of 180°. In such
an embodiment, the sensor pieces 68 and sensor 70 are again located relative to each
other such that the sensor 70 detects a respective one of the sensor pieces 68, during
rotation of the drive wheel 22, at a position in motion of the drive wheel 22 corresponding

to a load alternation between the foot operable pedals 18.

So as to collate the data collected by means of the measuring unit 58 and the measuring

device 66, the exercise device 10 includes a command module 72 (Figure 5).

The command module 72 is preferably a programmable device connected to the
measuring unit 58 and the measuring device 66 so as to receive signals indicative of the
drive force applied during operation of the exercise device to the chain 30, and the rate of
rotation of the pedals together with the times of load alternation between the two pedals
18.

The command module 72 is configured to use the measurements received from the
measuring unit 58 and the measuring device 66 in order to calculate one or more
performance parameters. Those performance parameters may include cadence, power,
speed of rotation of the flywheel, drive force applied to the pedals and other variables

derivable therefrom.

Those performance parameters may be transmitted from the command module 72 to a
communications module 74 for onward transmission to a user interface (not shown)
connected to the communications module 74. The command module 72 is also however
configured so as to compare at least one or more of the calculated performance

parameters against a predetermined performance profile.

Depending on the results of the comparison, which will be discussed in more detail below,
the command module 74 is connected to the servo motor 42 and is configured to control
the servo motor 42 so as to move the two sets of permanent magnets 44a,44b relative to
the magnetic rims 38 of the flywheel elements 26. By adjusting the relative positions of
the two sets of permanent magnets 44a,44b relative to the magnetic rims 38 of the flywheel
elements 26, the command module 72 adjusts the braking force applied by the two sets of

permanent magnets 44a,44b. This in turn affects the resistance to rotation of the flywheel
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elements 26 and thus affects measurements obtained via the measuring unit 58 and the
measuring device 66. By appropriate control of the servo motor 42 therefore, the
command module 72 is operable to tune the measurements received from the measuring
unit 58 and the measuring device 66 so as to adjust the or each performance parameter
calculated by the command module to conform with the predetermined performance

profile.

As outlined above, the command module 72 is connected to a communications module 74
for the purposes of transmitting signals representative of the performance parameters

calculated by the command module 72 to an external device for display on a user interface.

As well as transmitting signals to an external device in the form of feedback signals
reporting user performance, the communications module 74 is configured to receive

command signals and transmit those signals to the command module 72.

In the embodiment shown in Figure 1 the communications module 74 includes a radio
configured to receive command signals and transmit feedback signals via the wireless
communications protocol known as BLUETOOTH®. This allows wireless connection of
the communications module 74 to an external device such as a smart phone, a tablet, a

smart watch or another computing device.

In other embodiments it is envisaged that another wireless communications protocol, such
as ANT+® may be used in order to create a wireless data connection between the
communications module 74 and an external device. It is also envisaged that a wired
connection may be used to connect the communications module 74 to an external device.
The communications module 74 could for example be connected to an external device by

means of a data transfer cable such as a USB cable.

The provision of a communications module 74 to facilitate connection to an external
device, such as a smart phone, tablet, smart watch or other computing device, allows the
creation of a user interface. It is envisaged that the communications module 74 could be
connected to a smart phone, tablet, smart watch or other computing device running an
application configured to communicate with the communications module 74 and thereby
allow a user to input data for the purposes of creating a predetermined performance profile.

The communications module 74 could also be connected to such a device to allow the

creation of a visualisation of the feedback signals on a screen of the device. The interface
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could, for example, display the cadence and/or force measurements. It could also or
alternatively display one or more performance parameters calculated by the command
module from the measurements obtained from the measuring unit 58 and the measuring

device 66.

The interface could also display a POLAR VIEW ™ based on the times of load alternation
determined by the measuring device 66 and the force measurements and other variables
thereof calculated by the command module 72 in response to measurements received
from the measuring unit 58. The creation of a POLAR VIEW ™, which shows force against
time, illustrates the user’s pedalling performance and technique with specific reference to
the user’s right and left limbs. It therefore creates a visual impression of a user’s cycling
performance and allows a user visually to determine the areas in which his or her pedalling

performance and/or technique might require improvement.

An example of a POLAR VIEW ™ is shown in Figure 8.

Operation of the exercise device 10 will now be described.

During operation of the exercise device 10, a user drives rotation of the flywheel elements
26 through operation of the pedals 18. The resultant drive force applied to the chain
extending around the drive wheel 22 is measured by means of the measuring unit 58 on a
continuous basis, as outlined above, and the resultant measurements are transmitted to

the command module 72.

Similarly, the cadence or rate of pedalling is measured by the measuring device 66 and
the resultant measurements together with signals indicative of the time of load alternation

between the pedals 18 are transmitted to the command module 72.

The command module 72 uses the measurements and signals received from the
measuring device 58 and the measuring unit 66 and calculates the power output of the
user. The command unit 72 may also calculate other performance parameters or variables
derivable from the drive force for transmission via the communications module 74 to an
external device connected to the communications module 74 in order to provide a user

interface.

In its simplest form, the user may create a predetermined performance profile in the

command module 72 aimed at ensuring that the user achieves a constant power output
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during operation of the exercise device 10. This is achieved by using the cadence and
force measurements to calculate the actual power output of the user, comparing the
calculated power against the power output value required by the predetermined
performance profile and controlling the motor so as to increase or decrease the braking
force so as to require the user to apply a greater or lower force to the pedals in order to

achieve the required power output.

The user may also select from a series of predetermined performance profiles before
commencing a training program. The user could, for example, select a predetermined
performance profile that defines a curvilinear relationship between power and cadence for
a particular gear. Thereafter, on operation of the exercise device 10, the command module
72 uses the cadence and force measurements to calculate the actual power output of the
user and compares the calculated power value together with the cadence measurement
against the curvilinear relationship between power and cadence defined by the

predetermined performance profile.

On performing this comparison, the command module 72 is able to determine whether the
actual power output of the user is higher or lower than is required by the predetermined
performance profile for the measured cadence and operates the servo motor 42 so as to
adjust the relative positions of the sets of permanent magnets 44a,44b relative to the
flywheel elements 26 so as to adjust the braking force applied by the sets of permanent
magnets 44a,44b on the flywheel elements 26. This in turn increases or decreases the
driving force required from the user to drive the pedals at the same cadence and can be
used to tune the measurements obtained from the measuring unit 58 and the measuring
device 66 so that the calculated power output of the user conforms with the power required

by the predetermined performance profile for the measured cadence.

In the embodiment shown in the figures, the command module 72 is also configured to
calculate the predetermined performance profile on receipt of performance characteristic

data in the form of command signals from the communications module 74.

This allows a user to input a series of cycling parameters into an external device connected
to the communications module 74 that are in turn communicated to the command module
72 via the communications module 74, and allow the command module 72 to calculate a

tailor-made predetermined performance profile based on the selected cycling parameters.
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The performance characteristic data may include information concerning one or more
static cycling parameters selected from the group consisting of angle of inclination of
cycling surface, rolling resistance between bicycle tyre and cycling surface, mass of cyclist,

mass of bicycle and cyclist power output.

The performance characteristic data may also include information concerning one or more
dynamic cycling parameters selected from the group consisting of air resistance created
by changes in wind speed, air resistance created by changes in altitude and air resistance

created through the use of a fan.

On receipt of this information from the external device, in the form of command signals
received via the communications module 74, the command module 72 is configured to
calculate the effects of any selected cycling parameters on the drag force that a cyclist
would experience riding a bicycle under those conditions. This in turn allows the command
module 72 to calculate a predetermined performance profile taking into account .the

additional drag force.

The command module 72 could, for example, generate a predetermined performance
profile based on power output versus cadence that is calculated to take account of the
drag force that would be experienced as a result of the selected cycling parameters. This
would allow the command module 72 to control the servo motor 42 and thereby control
movement of the sets of permanent magnets 44a,44hb relative to the magnetic rims 38 of
the flywheel elements 26 so as to create the required drag force and thereby simulate

various cycling conditions.

By appropriate selection of cycling parameters a user may create command signals
instructing the command module 72 to simulate an infinite number of combinations of
cycling conditions. For example, the command module 72 could simulate a light cyclist
riding a light bicycle on a velodrome surface; the same cyclist and bicycle on a dirt track;
the same cyclist and bicycle on a 5° inclined surface; the same cyclist and bicycle on a -

5° inclined surface with a back wind of 10 miles per hour.

The command module 72 could also, for example, simulate a stationary ergometric
exercise device having a fan with vents on an outer housing of the fan that can be adjusted
so as to adopt various positions and thereby affect and control the airstream travelling

through the fan on operation of the pedals to drive rotation of the fan.
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With reference to the dynamic cycling parameters referred to above, the drag force
experienced by a cyclist under such conditions will vary according to speed as a result of
fluid dynamics. Accordingly the command module 72 may be configured to use
measurements received from the measuring device 58 to calculate speed of rotation of the

flywheel elements 26.

As outlined above, the speed of rotation of the flywheel elements 26 is indicative of the
actual speed of a bicycle which can be used by the command module 72 to adjust the
predetermined performance profile so as to reflect the effect of the user’s speed on the
one or more dynamic cycling parameters employed in the calculation of the predetermined

performance profile.
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CLAIMS

1. A stationary ergometric exercise device comprising:

a foot-operable drive including alternately operable drive elements in the form of
foot-driven pedals mounted via pedal cranks to opposite sides of a drive wheel;

a flywheel coupled to the drive wheel via a gear mechanism, the flywheel including
a magnetic rim;

a brake device in the form of one or more permanent magnets mounted for
movement by means of a motor towards and away from the magnetic rim of the flywheel
so as to selectively adjust a braking force applied to the flywheel by means of the or each
permanent magnet;

a measuring unit for measuring, in use, at least one of drive force applied via the
drive and the torque related to it;

a measuring device for measuring, in use, cadence;

a command module connected to the measuring unit, the measuring device and
the motor of the brake device; and

a communications module connected to the command module and configured to
receive command signals and transmit those command signals to the command module
and configured to transmit feedback signals received from the command module reporting
user performance,

wherein the command module is configured to receive measurements from the
measuring unit and the measuring device and to use those measurements to calculate
one or more performance parameters and to compare the or each performance parameter
against a predetermined performance profile and to control the motor so as to move the
or each permanent magnet relative to the magnetic rim of the flywheel in order to adjust
the braking force applied by the or each permanent magnet and thereby tune the
measurements received from the measuring unit and the measuring device so as to adjust
the or each performance parameter calculated by the command module to conform with

the predetermined performance profile.

2. A stationary ergometric exercise device according to Claim 1 wherein the
measuring unit is configured to continuously measure, in use, at last one of the drive force

applied via the drive and the torque related to it.

3. A stationary ergometric exercise device according to Claim 2 wherein the
measuring unit is configured to measure in use at least one of the drive force applied via

the drive and the torque related to it at a rate of at least 100 times per second.
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4, A stationary ergometric exercise device according to any one of the preceding
claims wherein the command module is configured to calculate the predetermined
performance profile on receipt of performance characteristic data in the form of command

signals from the communications module.

5. A stationary ergometric exercise device according to Claim 4 wherein the
performance characteristic data includes information concerning one or more static cycling
parameters selected from the group consisting of angle of inclination of cycling surface,
rolling resistance between bicycle tyre and cycling surface, mass of cyclist, mass of

bicycle, gear selection and cyclist power output.

6. A stationary ergometric exercise device according to Claim 4 or Claim 5 wherein

the performance characteristic data includes information concerning one or more dynamic

cycling parameters selected from the group consisting of air resistance created by changes ...

in wind speed, air resistance created by changes in altitude, air resistance created by use

of a fan.

7. A stationary ergometric exercise device according to Claim 6 wherein the
command module is configured to use measurements received from the measuring device
to calculate speed of rotation of the flywheel and is also configured to adjust the
predetermined performance profile in response to the calculated speed so as to reflect the

effect of speed on the one or more dynamic cycling parameters.

8. A stationary ergometric exercise device according to any one of the preceding
claims wherein the communications module is configured to receive command signals and

transmit feedback signals via a wired connection.

9. A stationary ergometric exercise device according to any one of Claims 1 to 7
wherein the communications module includes a radio configured to receive command

signals and transmit feedback signals via a wireless communications protocol.

10. A stationary ergometric exercise device according to any one of the preceding
claims wherein the brake device includes a yoke element to receive the or each permanent
magnet, the yoke element being connected to the motor to drive movement of the or each

permanent magnet relative to the magnetic rim of the flywheel.
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11. A stationary ergometric exercise device according to any one of the preceding
claims wherein the flywheel includes a pair of wheel elements mounted on a common axle
for rotation, each of the wheel elements including a magnetic rim, and the brake device
includes two sets of permanent magnets, each of the sets of permanent magnets being
mounted for movement together with the other set of permanent magnets towards and

away from the magnetic rim of a respective one of the wheel elements.

12. A stationary ergometric exercise device according to any one of the preceding
claims wherein the measuring unit measures, in use, the drive force applied via the drive
and includes an arm applied to a chain of the gear mechanism, the arm pressing slightly
on the side of the chain and the measuring unit further including a measuring sensor to

measure the restoring force applied by the traction mechanism to the arm.

13. A stationary ergometric exercise device according to any one of the preceding

claims wherein the command module is configured to calculate and continuously outputin .-

the form of feedback signals to the communications module the temporal progress of the
drive force and/or related torque, as well as variables derivable from it, on the basis of the

measurements received from the measuring unit.

14, A stationary ergometric exercise device according to any one of the preceding
claims wherein the measuring device for measuring cadence includes a pair of sensor
pieces attached to the drive wheel and at least one sensor positioned in a stationary
location relative to the drive wheel, the sensor pieces being movable with the drive wheel
relative to the at least one sensor on operation of the drive by means of which each of the
sensor pieces is detected passing a sensor when the gear wheel is located at one of two
specific angular positions, the positions being located 180° apart and corresponding to

positions in motion of load alternation between the alternately operable drive elements.

15. A stationary ergometric exercise device according to any one of Claims 1 to 13
wherein the measuring device for measuring cadence includes a pair of sensors positioned
in stationary locations relative to the drive wheel and at least one sensor piece attached to
the drive wheel, the at least one sensor piece being movable with the drive wheel relative
to the sensors on operation of the drive by means of which each of the sensors detects a
passing sensor piece when the drive wheel is located at one of two specific angular
positions, the positions being 180° apart and corresponding to positions in motion of load

alternation between the alternately operable drive elements.
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186. A stationary ergometric exercise device according to Claim 14 or Claim 15 wherein

the or each sensor piece is a magnet and the or each sensor is a magnetic field sensor.

17. A stationary ergometric exercise device according to any one of Claims 14 to 16
when dependent on Claim 13 wherein the command module is configured to receive
signals from the measuring device identifying the times of load alternation between the
alternately operable drive elements and, using the times of load alternation identified by
the measuring device, to apportion the variables calculated on the basis of the
measurements received from the measuring unit alternately to a right limb or left limb of a

user.

18. A method of operating a stationary ergometric exercise device including a foot-
operable drive having alternately operable drive elements in the form of foot-driven pedals
mounted via cranks to opposite sides of a gear wheel; a flywheel coupled to the gear wheel
via a gear mechanism, the flywheel including a magnetic rim; a brake device in the form
of one or more permanent magnets mounted for movement by means of a motor towards
and away from the magnetic rim of the flywheel so as to selectively adjust a braking force
applied to the flywheel by means of the or each permanent magnet; a measuring unit for
measuring, in use, at least one of drive force applied via the drive and the torque related
to it; and a measuring unit for measuring, in use, cadence,

the method comprising the steps of:

using measurements received from the measuring unit and the measuring device
to calculate one or more performance parameters;

comparing the or each performance parameter against a predetermined
performance profile; and

controlling the motor so as to move the or each permanent magnet relative to the
magnetic rim of the flywheel in order to adjust the braking force applied by the or each
permanent magnet and thereby tune the measurements received from the measuring unit
and the measuring device so as to adjust the or each performance parameter calculated

by the command module to conform with the predetermined performance profile.

19. A method of operating a stationary ergometric exercise device according to Claim
18 further including the step of inputting performance characteristic data and calculating
the predetermined performance profile based on the performance characteristic data.

20. A method of operating a stationary ergometric exercise device according to Claim

19 wherein the performance characteristic data includes information concerning one or
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more static cycling parameters selected from the group consisting of angle of inclination
of cycling surface, rolling resistance between bicycle tyre and cycling surface, mass of

cyclist, mass of bicycle, gear selection and cyclist power output.

21. A method of operating a stationary ergometric exercise device according to Claim
19 or Claim 20 wherein the performance characteristic data includes information
concerning one or more dynamic cycling parameters selected from the group consisting
of air resistance created by changes in wind speed, air resistance created by changes in

altitude, air resistance created by a fan.

22. A method of operating a stationary ergometric exercise device according to Claim
21 further including the step of calculating speed of rotation of the flywheel using
measurements received from the measuring device and the step of adjusting the
predetermined performance profile in response to the calculated speed so as to reflect the

effect of speed on the ane or more dynamic cycling parameters.

23. A computer program or computer program product containing computer program
code which, when executed on a computer or processer and memory, performs the
method of operating a stationary ergometric exercise device according to any one of
Claims 18 to 22.

24, A stationary ergometric exercise device generally as herein described with

reference to and/or as illustrated in the accompanying drawings.

25. A method of operating a stationary ergometric exercise device generally as herein

described with reference to and/or as illustrated in the accompanying drawings.
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