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EXERCISE DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent Application

No. 60/753,03 1, filed on December 22, 2005, the entire contents of which are incorporated

herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present application is related to U.S. Patent No. 6,676,569, issued January 13,

2004; U.S. Patent No. 6,454,679, issued September 24, 2002; and U.S. Patent Application

No. 10/724,988, filed on December 1, 2003, and the entire contents of each are hereby

incorporated by reference.

[0003] Various types of exercise devices such as stationary bikes, treadmills, stair

climbers, rowing machines, and the like, have been developed. Such exercise devices

mimic a corresponding physical activity to some degree. For example, known stair

climbing machines typically include movable foot supports that reciprocate to simulate to

some degree the foot and leg motion encountered when climbing stairs. Known stationary

bikes typically include a crank with pedals that rotate upon application of a force to the

pedals by a user.

[0004] Various ways to control the forces generated by such exercise devices have been

developed. Known control schemes include constant-force arrangements and constant-

power arrangements. Also, some exercise devices vary the force required in an effort to

simulate hills or the like encountered by a user. However, known control

schemes/methods do not provide force feedback that realistically simulates the forces

encountered when performing the actual physical activity to be simulated.

[0005] Accordingly, a control system and exercise device that alleviates the problems

associated with known devices would be advantageous.

SUMMARY OF THE INVENTION

[0006] The present invention relates to a control system and method for exercise

equipment and the like. The present invention provides a way to simulate a physical

activity in a manner that takes into account the physics of the physical activity being

simulated. According to one aspect of the present invention, the control system and

method takes into account the physics of the corresponding physical activity to generate a

virtual or predicted value of a variable such as velocity, acceleration, force, or the like.

The difference between the virtual or expected physical variable and a measured variable

is used as a control input to control resistance forces of the exercise equipment in a way



that causes the user to experience as forces that are the same or similar to the forces that

would be encountered if the user were actually performing the physical activity rather than

using the exercise equipment.

[0007] One aspect of the present invention is a stationary bike including a support

structure defining a front portion and a rear portion. The stationary bike includes a seat

mounted to the support structure and a crank rotatably mounted to the support structure for

rotation about an axis. The crank includes a pair of pedals that are movable along a

generally circular path about the axis. The circular path defines a forward portion in front

of the axis, and a rear portion in back of the axis. The stationary bike includes a control

system having a force-generating device such as an alternator, mechanical device, or the

like that is connected to the crank to vary a resistance force experienced by a user pedaling

the stationary bike. A controller controls the force-generating device and will in

many/most instances similar to riding an actual bike cause the resistance force experienced

by a user to be greater in the forward portion of the circular path than in the rear portion of

the path.

[0008] Another aspect of the present invention is a stationary bike that substantially

simulates the pedaling effort of a moving bicycle. The stationary bike includes a support

structure and a pedal movably mounted to the support structure. The pedal structure

includes two pedals that move about an axis to define an angular velocity. Forces applied

to the pedals by a user define user input forces. The stationary bike further includes a

controller that is operably connected to the pedal structure to provide a variable resistance

force restraining movement of the pedals in response to user input forces. The variable

resistance force substantially emulates at least some of the effects of inertia that would be

experienced by a rider of a moving bicycle.

[0009] Another aspect of the present invention is an exercise device including a support

structure and a user interaction member movably connected to the support structure for

movement relative to the support structure in response to application of a force to the user

interaction member by a user. The exercise device further includes an alternator operably

connected to the user interaction member. The alternator provides a variable force tending

to resist movement of the user interaction member relative to the support structure. The

variable force varies according to variations of a field current applied to the alternator, and

the variable force is substantially free of undulations related to voltage ripple.



[0010] These and other features, advantages, and objects of the present invention will be

further understood and appreciated by those skilled in the art by reference to the following

specification, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a perspective view of an exercise device according to the present

invention;

[0012] Fig. IA is a schematic diagram of a control system and method for exercise

devices according to one aspect of the present invention;

[0013] Fig. IB is a schematic diagram of a control system and apparatus according to

another aspect of the present invention;

[0014] Fig. 1C is a partially fragmentary perspective view of a portion of the exercise

device of Fig. 1;

[0015] Fig. 2 is a schematic diagram of a control system and apparatus according to

another aspect of the present invention;

[0016] Fig. 2A is a schematic diagram of a control system and apparatus according to

another aspect of the present invention utilizing a measured force;

[0017] Fig. 3 is a schematic diagram of a control system and exercise apparatus according

to another aspect of the present invention;

[0018] Fig. 4 is a schematic diagram of a control system and exercise apparatus according

to another aspect of the present invention;

[0019] Fig. 5 is a schematic diagram of a control system and exercise apparatus according

to another aspect of the present invention;

[0020] Fig. 6 is a schematic view of a crank and pedals of a stationary bike or a movable

bike;

[0021] Fig. 7 is a graph showing force (torque) variations produced and experienced by a

user as a function of crank angle;

[0022] Fig. 8 is a diagram illustrating a routine that may be utilized in a control system

according to the present invention;

[0023] Fig. 9 is a diagram illustrating a routine that may be utilized in a control system

according to another aspect of the present invention;

[0024] Fig. 10 is a diagram illustrating a routine that may be utilized in a control system

according to another aspect of the present invention;

[0025] Fig. 11 is a display viewable by a user of an exercise device according to one

aspect of the present invention;



[0026] Fig. 12 is a schematic diagram of a stationary bike and control system according to

one aspect of the present invention in which a forced sensor is utilized in the control

system;

[0027] Fig. 13 is a schematic diagram of an exercise bike according to another aspect of

the present invention in which the bike does not include a force sensor;

[0028] Fig. 14 is a table showing an equation of motion that may be utilized in a control

system for controlling a stationary bike according to one aspect of the present invention;

[0029] Fig. 15 is a schematic diagram showing a control system according to another

aspect of the present invention;

[0030] Fig. 16 is a diagram showing a haptic routine implementing the equation of Fig. 8;

[0031] Fig. 17 is a diagram showing a control system that does not utilize a force sensor

according to another aspect of the present invention;

[0032] Fig. 18 is a diagram of a control system utilizing a force sensor according to

another aspect of the present invention;

[0033] Fig. 19 is a partially schematic view of a brake lever that can be manipulated by a

user to control the virtual velocity of a stationary bike according to another aspect of the

present invention;

[0034] Fig. 20 is a circuit diagram of a prior art alternator control circuit;

[0035] Fig. 2 1 is a diagram showing power ripple produced by the alternator control

circuit of Fig. 20;

[0036] Fig. 22 is a graph showing voltage ripple produced by the alternator control circuit

of Fig. 20;

[0037] Fig. 23 is a circuit diagram of an alternator control arrangement according to

another aspect of the present invention;

[0038] Fig. 24 is a circuit diagram of an alternator control arrangement according to

another aspect of the present invention;

[0039] Fig. 25 is a circuit diagram of a bipolar current switch that can be utilized in an

alternator control system according to another aspect of the present invention.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0040] The present application is related to U.S. Patent No. 6,676,569, issued"January 13,

2004; U.S. Patent No. 6,454,679, issued September 24, 2002; and U.S. Patent Application

No. 10/724,988, filed on December 1, 2003, and the entire contents of each are hereby

incorporated by reference.

[0041] One aspect of the present invention is a control system/method for controlling an

exercise device or the like. The control system/method can be utilized to simulate

virtually any dynamic system. Another aspect of the present invention is an exercise

device such as a stationary bike 1 (Fig. 1) that includes a dynamic system control that

simulates riding a bicycle. The present invention provides a unique way to control an

exercise device to more accurately simulate the dynamics of the exercise being simulated.

[0042] Various types of exercise equipment have been developed in an attempt to imitate

the dynamics of conditions with which the exercising person is familiar. Such devices

provide a very limited simulation of the actual activity. For example, stair climbing

exercise equipment provides motion that is somewhat similar to that encountered when

climbing stairs. Walking equipment (e.g., treadmills) provides a walking movement, and

stationary exercise bikes provide leg movement that is similar to the leg movement when

riding a "real" bicycle.

[0043] Although known exercise devices may provide a range of movement that is

somewhat similar to that of an actual device or activity, known exercise devices do not

accurately simulate the forces normally experienced by a user due to the dynamic effects

of the activity, and the inability of these exercise devices to accurately simulate the

Newtonian laws of motion.

[0044] Heretofore, known exercise equipment did not simulate the dynamics of the actual

activity/device. Known exercise devices may include constant force, constant velocity or

constant power control schemes. Such devices do not provide an accurate simulation of

the actual device/activity. Thus, a new user will not be familiar with the equipment

movement behavior, resulting in a less realistic and less effective experience, and not be as

biodynamically correct. Also an inaccurate simulation may not provide proper loading for

the user's muscles to maximize transference, or adaptation to the actual activity being

trained. For example, the forces and speeds of walking equipment should accurately

simulate the act of walking, since the human body is adapted for this form of exercise.

Similarly, a stationary bike should recruit the muscles as appropriate for actual biking.



[0045] Familiarity with the equipment behavior is not the only advantage of making

exercise equipment dynamically correct (i.e., accurately simulating the actual exercise). In

order to provide optimum athletic advantage and performance for the user, the muscles of

the exercising person should be challenged by the equipment in a way that requires the

muscles to operate normally (i.e., in a natural manner). For example, the user's muscles

may require periodic rest phases on each exercise stroke or cycle to produce normal blood

flow and oxygenation of the muscles. Also, a user's perception of effort for a given

amount of power may be minimized by using the muscles in a normal dynamic manner,

and a user may thereby be able to exercise more effectively or longer with the same

perceived effort if the machine provides accurate resistance forces simulating to actual

physical activity.

[0046] Known exercise equipment may utilize motors, brakes, or other electrical devices

or mechanical devices that provide resistance to the user. Such equipment typically

includes mechanical devices that look and/or move somewhat like an actual activity.

Known control schemes for exercise devices typically utilize constant force or constant

torque, constant power, constant speed, or other simple control parameters to control

levels or resistance settings of the exercise device. The human body, however, typically

does not operate under such artificial load conditions. Typical muscle recruitment and

resulting human movement creates inertial/momentum effects that may include high-

output and low-output power on a given cycle or stroke during each exercise movement.

For example, one type of stationary exercise bike utilizes a constant power load to create

and or control the resistance force. The constant power load may be modified somewhat

by a flywheel to sustain momentum throughout a given exercise cycle or stroke. Without

the flywheel, a constant power stationary bike would be very difficult to ride and would

feel to a user as if they were pedaling up a very steep hill, or under water, unable to gain

momentum. Nevertheless even with a flywheel normal or correct inertial characteristics

are only achieved at one pedal rate and power level. As a result, known stationary

exercise bikes do not feel like a real bicycle to a user, and may seem more like pedaling a

bike with the brakes on with any appreciable level of resistance force. When riding a

"real" bicycle, the rider generates momentum and builds up speed, wherein the downward

power stroke generates accelerations in the bike and the rider's muscles that carry them

into the next pedal stroke. These normal conditions are not constant power, constant

force, or any other simple control function utilized in known exercise systems. Rather, the

actual conditions include a complex interaction between the rider's applied force, the bike



and rider's weight, the slope of the road, the road smoothness, wind resistance, the bike

speed, and other factors.

Also, the speed of the body while walking on a stationary surface is not constant as

opposed to the velocity of a treadmill belt or conveyor. Not only do speed changes occur

due to slope changes and user fatigue and strength, but also on each step the user's body is

accelerated forward during the muscle power stroke and then carried forward by the body's

momentum into the next step. Thus, operating a walking machine at constant speed is

dynamically inaccurate and non-optimum for the user's muscles. The control arrangement

of the present invention can be utilized to control exercise devices such as those discussed

above, and also to control rowing machines, weight lifting machines, swimming machines,

tennis or baseball practice machines, or any other machine or device used to simulate an

exercise or other physical activity. In one aspect, the present invention utilizes unique

control loops to determine the correct resistance force to put on the user at any given time,

and to rapidly adjust the forces during the power stroke and/or return stroke to optimally

load the muscles and accurately simulate the actual forces that would be experienced by

the user performing a given physical task. One aspect of the present invention is a unique

control system by which complex conditions can be simulated by electrically-based load

devices such as eddy current brakes, motors, or alternators. Alternately, other force-

generating devices such as mechanical brakes or the like may be utilized instead of, or in

conjunction with, an alternator or other such electrical force generating device. Numerous

types of mechanical brakes are known, such that the details of all suitable brake

arrangements will not be described in detail herein. Nevertheless, in general, most such

mechanical brakes (e.g., disk brakes, calipers, drum brakes, etc.) include a friction member

that is movable to engage another brake member that moves as the pedals and/or other

moving drive train parts of the stationary bike move. If the mechanical brake is controlled

by the control system, a powered actuator may be operably connected to the movable

friction member such that the controller can generate a signal to the powered actuator to

engage the friction member with the other brake member to provide the desired amount of

resistance force to simulate the physical activity. The brake may also receive a control

signal from a hand brake lever (Fig. 19) either directly or through the controller to vary the

resistance force. Alternately, a hand brake lever as shown in Fig. 19 may solely provide a

"virtual" brake signal to the controller, with the controller using the signal to adjust the

virtual velocity of the bike road model.



[0048] For purposes of the discussion below, a stationary bike 1 (Fig. 1) will be used by

way of example, but the reader will readily understand that the concepts, methods and

control system can be utilized with virtually any type of exercise machine to simulate any

type of physical activity or motion. For example a dynamically accurate walking machine

according to the present invention mimics the changes in momentum experienced by the

walker, and adjusts the forces to simulate the walker's velocity.

[0049] . The system/method/exercise equipment of the present invention provides a

physical experience for the human user that may be almost identical to a rider's experience

on a real bike, including the forces applied and the feel of the pedal power stroke and the

periodic variation of forces and/or velocity as the pedals rotate.

[0050] With reference to Figs. 1 and 1C, a stationary bike 1 according to one aspect of the

present invention includes a crank 2 that is rotatably mounted to a support structure such

as a frame 9. Crank includes a pair of pedals 3 that move about the crank axis in a

generally circular path. A drive member 4 such as a pulley, gear, or the like is connected

to the crank 2, and drives a flexible drive member 5. The flexible drive member 5 may be

a belt, chain, or the like, or other suitable device or structure. In the illustrated example,

flexible drive member 5 rotates a pulley or drive member 4A that is rotatably mounted to

the frame 9. Pulley 4A is fixedly connected to a pulley 4B, such that rotation of pulley 4A

rotates pulley 4B and thereby moves a second flexible drive member 5A. A pulley 5C

maintains and/or adjusts tension of drive member 5. The second flexible drive member

5A rotates a driven member such as a pulley 7. A sensor such as an encoder 8 is

configured to detect the position and/or movement of the driven member 7. Because the

size of the drive members 4, 4A, 4B and driven member 7 are known, the rotation rate of

crank 2 can be determined from data from encoder 8. An alternator 11 is also connected

to the driven member 7. As described in more detail below, an electronic control system

25 utilizes information from the encoder 8 or other sensors (e.g., force sensors) to control

a resistance force generated by the alternator 11. The resistance forces generated by the

alternator 11 felt by a user exerting force on the pedals 3. As also described in more detail

below, the control system of the present invention utilizes one or more factors related to an

actual physical activity (e.g., riding a moving bike) to determine the resistance force

generated by alternator 11. As also described in more detail below in connection with

Fig. 11, the electronic control 25 may be configured to provide infσπnation that is shown

on a display screen 50. This information may include the rider's power output, the rider's

velocity (i.e., virtual velocity), the crank r.p.m., and the slope of a virtual hill that the rider



is encountering. Still further, the display 50 may display the gear of the bike, the ride

time, the distance traveled, or the like. Handlebars 27 of bike 1 may include upper

portions ("tops") 27A and "lower" portions ("drops") 27B. The tops 27A and/or drops

27B may include sensors that determine which portions of the handlebars 27 a user is

grasping. As discussed below, the control system may use this information to adjust an

aerodynamic drag factor to account for the different aerodynamic drag of the rider in each

position. In general, bike 1 will provide greater resistance force at a given virtual velocity

when a rider is using tops 27A relative to the resistance force generated when a rider is

using drops 27B. Display 50 may include a feature that indicates if the rider is currently

using tops 27A or drops 27B. As also discussed in more detail below, bike 1 may include

a battery 26 that is charged by the alternator 11 in response to control signals from the

electronic control 25. It will be apparent that a stationary bike 1 according to the present

invention does not necessarily need to include a flywheel or other momentum storage

device to account for variations in rider input force or the like. For those reasons

discussed in more detail below, the A control system according to the present invention

provides for simulation of an actual physical activity in a way that eliminates or reduces

the need for flywheels or other devices that would otherwise be required to account for the

affects of momentum that occur during the actual physical activity being simulated.

Fig. IA is a block diagram of a control system/method for exercise equipment. In

the illustrated example, the exercise equipment comprises a stationary bike. Fig. 2 is a

diagram showing how the control system/method can be utilized to control virtually any

mechanical axis, accounting for user position input, user power, internal power losses,

momentum gain and loss, and other factors. Significantly, Fig. 2 shows one way that the

method can be completely generalized by knowing the physics of the conditions on the

user. Each of the forces represented in Figs. IA, IB, 2 and 2A may be determined by

measuring forces on actual bikes (i.e. empirical data) under various operating conditions,

or from other actual exercises or physical activities. The actual forces for various rider

weights under various conditions can be measured and utilized to generate a data base that

is accessed by the system controller to set the control system for an individual user. The

controller may be programmed to calculate a curve fit or an interpolation scheme to

provide numerical values for the control variables in areas of operation (i.e. riding

conditions) for which empirical data is not available. Such measured forces generally

correspond to terms in the equations of motion for a particular activity. For example, an

equation of motion for a biking scenario is described in more detail below (Equation 1.2).



The equation of motion for a bike includes terms for forces due to aerodynamic drag,

friction/rolling drag, hill angle, and dynamic forces under acceleration due to the bike's

mass and rotational inertia. Preferably, all sources of acceleration are added up, and this

sum is integrated to give a virtual bike velocity, following the equations F=M A and

V=Integral[A dT]. It will be understood that although any one acceleration source, or any

combination of the sources of acceleration may be utilized, this will tend to result in a

simulation that is less realistic.

[0052] As also described in more detail below, an additional force may result from

application of the brakes on the bike. These terms correspond to the empirical terms

discussed above. Similarly, equations of motion can be developed for other physical

activities or exercises and utilized to implement the control system of the present invention

utilizing the approach described herein for a bike. Alternately, the actual forces

encountered during a given physical activity can be measured and used to implement a

control system utilizing an empirical approach as described herein. Still further, a

"blended" or combination approach may be utilized wherein some of the terms utilized for

control are based on measured values, and other terms are calculated using the analytical

approach. For instance multiple axes, with multiple control loops, can be implemented in

the case of complex motions, in such a way the user experiences each movement as being

dynamically "correct" or normal. An example might be a swimming machine, where each

limb is either in contact with the water or not, and the water causes drag on the immersed

limbs, and the speed of the swimmer would have momentum that carries the swimmer into

the next stroke. Each limb would have a control system that handles that limb's

conditions, speeds, immersion, and other factors. Each limb would contribute to the

forward momentum of the swimmer, and experience loss from water turbulence. It should

be understood this is merely another example of the use of the simulation method and

control system described herein.

[0053] Sensors not described in the basic functionality of this method can be helpful, but

not necessary, to the function of the exercise equipment. For example, a force sensor that

is operably connected to the pedals of an exercise bike can make the measurement of user

effort/force more accurate than calculating the force based on user watts effort and

estimated losses due to stationary bike components that result in bike mechanical losses,

eddy currents, and other electrical losses. The control system may operate as described: a

velocity difference between user input and control system computed speed is used to

control the braking device on the user. The force sensor, by way of example, may change



the way the control system updates its acceleration and thereby velocity internally. The

underlying control principle may remain the same.

[0054] Implementation of a dynamic system control that simulates a physical dynamic

device according to the present invention preferably includes meeting a number of control

conditions. However, the present invention includes control systems, methods, and

devices that do not completely meet all control conditions. It will be understood that all

aspects of the control systems described herein do not need to be included to provide a

control system according to the present invention.

[0055] For example, simulating an actual bicycle may include accounting for rolling

resistance/friction, aerodynamic drag, acceleration or rider weight. Nevertheless, the

present invention contemplates that not all of these factors need to be included to provide a

simulation that feels quite realistic to a user of a stationary bicycle or other exercise

equipment. Also, some factors need not be precisely accounted for to provide an adequate

simulation. For example, the aerodynamic loss can be modeled quite accurately if the

coefficient of drag and surface area of a specific rider is known. However, the effects of

aerodynamic drag can be taken into account using a set (i.e., the same) surface area and

coefficient of drag for all users. Although the magnitude of the aerodynamic drag

experienced by a given user may not be precise, an increase in pedaling resistance due to

increased rider velocity will be experienced by a user. Similarly, although each rider's

actual body weight may be entered into the control system to accurately simulate the

forces due to hills, acceleration, rolling resistance, and the like, the same rider weight may

be used for all users. Although the total resistance forces experienced by a given user will

likely be at least somewhat inaccurate if the weight of the individual user is not utilized by

the control system, the rider will still experience variations in force due to hills,

acceleration, and the like. This provides a somewhat simplified way to simulate actual

bicycle riding conditions without requiring input of the weight of a given user. It will be

further understood that the input of variables such as rider weight may be simplified by

providing a choice of input weights/ranges such as "low rider weight," "medium rider

weight," and "high rider weight." In this example, the system utilizes a single numerical

weight associated with each weight range. Also, such interactions such as how the rider's

weight affects windage loss can be taken into account.

[0056] Still further, it will also be understood that the actual terms from the equation of

motion for a specific physical activity do not need to be utilized if a highly accurate

simulation is not desired or needed. For example, in general the aerodynamic drag is a



function of the velocity squared. However, the effects of aerodynamic drag could be

calculated utilizing velocity raised to the 2.10 power or other power other than velocity

squared. Although accurate simulation of the physical activity may be preferred in many

situations, the present invention contemplates variations including equations, formulas,

rules, and the like that may not utilize the actual equation of motion for the physical

activity being simulated. The principles and concepts of the present invention may be

utilized to simulate the physics of an actual physical activity in by taking into account the

factors affecting the forces experienced by user without using the actual equations of

motion, or using equations of motion that capture the non-ideality of real systems.

According to one aspect of the present invention, the dynamic conditions of the system are

simulated arithmetically in a control loop, the dynamic system power losses and gains

associated with the user are distinguished from other losses and gains applied to the user

power input, and a control signal to an electronic brake or the like is generated to control

the forces on the user.

[0057] In general, when a user interacts with the environment in a way that uses

significant user power, there are virtually always factors such as the speed and momentum

of objects with which the user interacts. Thus, one aspect of an accurate simulation is to

simulate the mass and momentum of objects that the user interacts with. The mass and

momentum effect is frequently a very important dynamic element, because muscles are

often recruited explosively, to rapidly put energy into overcoming inertia, and the

momentum assists completion of the remaining portion of the exercise stroke or cycle.

This dynamic action occurs on a "real" bicycle when the user generates a high force on the

down stroke and then less force on the upstroke. Simulating the bike momentum achieves

this effect. The following is a description of one aspect of the present invention, using a

bicycle simulation by way of example. Fig. IA shows a loop control diagram for a

stationary bicycle having a control system that simulates actual riding forces,

accelerations, and the like experienced by a rider on a real bicycle.

[0058] One aspect of the present invention is a software control system that incorporates a

control system to simulate the dynamics of an actual device. A bicycle simulation

according to the present invention (Fig. IA) includes generating a virtual "bike velocity."

The virtual bike velocity, as on a real bicycle, is modified by the power inputs to the

system. (The virtual "bike velocity" has no physical reality, it is just a computed number.)

The velocity is increased by going down a hill, or by the rider applying sufficient torque to

the pedals. The velocity is decreased by aerodynamic loss (also referred to herein as



"windage loss"), friction, or going uphill on the bicycle. Similarly, when walking there is

a walking speed; when hitting a baseball with a bat, there are rotational, vertical and

horizontal bat speeds.

Referring again to Fig. 1A, a control system/method according to one aspect of the

present invention separates the system losses and gains into those that are directly applied

to the user as force and power demand from the user from those losses that are not directly

applied to the user. In the case of a bicycle, an example of a force directly applied to the

user is the rider's application of torque on the pedals. This torque multiplied times the

rotation rate is the user input power. Examples of system losses and gains that are not

directly applied to the user would be windage loss, friction loss, power going into raising

the bike on an uphill slope, and power going into accelerating the bike. These "virtual"

forces and/or power losses/gains are not directly applied to the rider, but rather they are

inputs to the bike road model 190 of the dynamic system control that eventually affect the

rider torque. These indirect or virtual forces are applied to the acceleration and

deceleration of the effective (virtual) bike speed computed by the control system. These

virtual forces indirectly affect the actual forces experienced by the rider because they

modify the dynamic system control speed, and user input of force is necessary to increase

or decrease this speed by pedaling. With reference again to Fig. IA, the friction factor 57,

slope 58, and aerodynamic drag factor 59 are not applied to the rider directly. Rather,

these factors are taken into account by the bike road model 190 portion of the system and

applied to the increase and decrease of the calculated virtual bike velocity through positive

or negative acceleration. In absence of actual rider input forces, the control system

"decelerates" the virtual velocity. If the rider is to keep this internal "speed" up, the rider

must pedal. This aspect of the control system provides a much more realistic simulation

of an actual bicycle. For example, if a rider of a stationary bike utilizing the control

system of the present invention stops pedaling for a moment, upon resuming pedaling the

rider will need to pedal at a rate equal to the virtual velocity of the bike before

experiencing significant resistance force on the pedals. In this way, the user can "coast" as

needed to rest from time to time without immediately experiencing full resistance force

from the pedals even at very low pedal speeds upon resuming pedaling. It will be

appreciated that prior constant force and constant power control schemes do not provide a

realistic coasting experience. Although prior control arrangements may include a flywheel

that retains some momentum, such systems do not accurately take into account the drag

forces and the like of an actual bicycle, such that the forces experienced by a user of a



prior flywheel type system will be quite different than would be experienced riding a real

bicycle. In a control system/method according to the present invention, almost all mass

and momentum is simulated such that a flywheel is not needed. In general, all real

physical mass and momentum buildup in the equipment is minimized or avoided so it does

not interfere with the simulation to an appreciable degree.

[0060] Rider input power 54, and therefore rider force 56, is calculated by adding up the

losses in the real physical mechanism and the electrical power generated by the rider at

diagram summation element 55. For example, when an alternator is used as an electrically

controlled brake, the bike simulator has estimated mechanical losses 60, electrical losses

6 1 including estimated alternator eddy current losses 62 and estimated battery charging

losses. As shown in Fig. IA, alternator rotor current 64 and pedal rate 65 are utilized to

estimate the eddy losses of the alternator. Methods for estimating eddy current losses are

known. For example, the alternator could be tested to determine a mathematical

relationship or a look-up table. As also shown in Fig. IA, the alternator rotor current 64

may also be utilized to determine the alternator stator load (watts) for input to summation

element 55. Pedal rate 65 is also utilized to estimate the mechanical losses 60 of the

stationary bike. Although this mechanical loss could be estimated or measured in a variety

of ways, in the illustrated example, the mechanical losses of the .stationary bike under

various operating conditions are measured. A spline or other curve fitting algorithm is

utilized by the system to generate a mechanical loss estimate for the operating conditions

(e.g., pedal rate). These losses in addition to the main "loss," which is electrical power 63

generated by the rider through current generated in the alternator output 64. The total of

these real power losses is taken as the rider's power input that modifies the virtual bike

velocity.

[0061] In Fig. IA, the pedal rotation rate 65 is measured with a sensor, and the bike

simulation's "gear rollout" 69, that is, meters of forward motion for each rotation of the

pedals, for each gear, is known. Since the rider's measured bike forward velocity 7 1

(measured pedal rate 64 times rollout 69) and the total pedal power 54 applied are known,

the estimated rider force 56 can be calculated by dividing total rider true watts 54 ("W")

by the measured bike velocity 7 1 (V) at diagram element 66 to determine estimated rider

forces 56. The "virtual" friction losses 67 are calculated using the virtual bike velocity 70

at diagram element 57. As described in more detail below in connection with Fig. 8, the

frictional (rolling) losses of the virtual bike may be calculated or determined in a variety of

ways. As also described in more detail below, the virtual aerodynamic drag force (loss) 74



may be determined in a variety of ways. In general, the virtual velocity 70 is squared as

shown at diagram element 75 to form virtual velocity squared 76. The square 16 of the

virtual velocity 70 goes into diagram element 77. Diagram element 77 includes a

mathematical formula, look-up table based on empirical data, or other rule or information

that is utilized to determine the "virtual" aerodynamic drag 74. In the illustrated example,

the factor 78 is equal to -0.5CipQ. This and other factors affecting the virtual velocity are

discussed in more detail below in connection with Fig. 8.

[0062] The estimated rider forces 56, friction losses 67, and aerodynamic losses 74 are

added together at diagram element 79 to provide the total "true" force 80. The total true

force 80 is multiplied times the inverse 8 1 of the rider mass at diagram element 82 to

generate a first acceleration value 83. The first acceleration value 83 is increased or

decreased at diagram element by adding the slope factor 58 to provide the total "true"

(virtual) acceleration 85 of the virtual bike and rider. The total acceleration 85 is

integrated at integrator 86 to provide the virtual bike velocity 90 at the output 87 of the

integrator 86.

[0063] An electronic brake or the like may be utilized to provide a variable resistance

force to the user. The electronic brake may comprise an alternator that utilizes a control

input to provide the desired force to the user. In the illustrated example (Fig. IA), this

control input is generated by taking the difference between the measured velocity 7 1 and

the virtual velocity 70. The measured velocity is the pedal rate 64 times the gear rollout

69, and the virtual bike velocity 70 is produced by the integrator 86. In the illustrated

example, the difference between the virtual velocity 70 and the measured velocity 7 1

occurs at diagram element 88. The result is a velocity difference value 89 (it will be

understood that the virtual velocity value 70 from integrator 86 is stored internally in the

control system). On a real bike, when the rider is applying force to the pedals to move a

bike forward, these two speeds are the same when forces are constant, but in actual fact

the bike acts as a spring and as this spring winds up, force is applied to the pedal. So, in

fact, a real bike works by the same mechanism of speed differences, although on a real

bike these differences are subtle. In the simulation/control system/method according to

the present invention, these speed differences are preferably very small as a result of the

control system, similar to a real bike. It has been found that the control system, however,

need not be as "stiff' as real bike to provide a good simulation. In the simulation, the

velocity difference 89 between the measured velocity 7 1 and the virtual velocity 70 is

multiplied by a relatively large number and fed into the electronic brake (e.g., alternator)



control. In the system of Fig. 1, the output 9 1 is multiplied by an optional multiplier 92

and the virtual velocity 70 at diagram element 93, and the result 94 (in watts) is added to

the rider input power 54 at diagram element 95. The result 96 of the summation 95 is

input to an alternator gain or transfer function 97 to provide input for the alternator rotor

current 64. If the pedal apparent speed (measured velocity 71) is faster even by a small

amount than the internal control speed (virtual velocity 70) of the control system, a great

amount of current is applied to the electronic brake input, and the rider feels large forces

resisting motion on the pedals. However, the difference in velocity between the measured

velocity 7 1 and the virtual velocity 70 is preferably very small and therefore imperceptible

to a rider.

[0064] The pedal apparent speed (measured velocity 71) is preferably known (measured or

calculated) with high precision, because the difference 89 between two relatively large

numbers is used to determine the control input to the electronic brake. For example, if for

the bike we expect the pedal apparent speed (measured velocity 71) and the internal

control speed (virtual velocity 70) to be the same within 0.1 mile per hour (for a bike

simulation this speed difference is generally imperceptible to a rider), a resolution of at

least about 10 to 100 times 0.1 (i.e., .01 to .001 mph) provides control of the electronic

brake that is smooth, without a "cogging" feel to the rider. It will be understood that even

higher resolutions may also be utilized. Thus, the speeds of the bike control system and

the pedal apparent speed are preferably very high resolution to ensure the simulation is

accurate.

[0065] Multiplying the velocity difference 89 by a relatively large number may be thought

of as being somewhat similar to the proportional gain control of a Proportional-Integral-

Derivative (PID) controller. In general, PID controllers output a control variable that is

based on the difference (error) between a user-defined set point and a measured variable.

However, rather than using an error that is the difference between a measured value and a

set point, the controller of the present invention utilizes the difference between a measured

variable such as velocity and a "virtual" set point that is continuously and rapidly

recalculated utilizing the equations of motion for the device/exercise/activity being

simulated. The PID system captures or utilizes the behavior of the real exercise

equipment, for example, the spring windup effect in a bike frame.

[0066] Fig. IB is a diagram showing a control system 100 according to another aspect of

the present invention. A stationary bike 101 includes pedals 102 that drive a connecting

member such as a belt or chain 103. The chain 103 drives a rotor 104 that is connected to



an alternator or the like to provide a variable resistance force. A sensor such as an encoder

105 provides position and/or velocity and/or acceleration data concerning the rotor 104.

Because the pedals 102 are connected to the rotor 104 by chain 103, the velocity detected

by encoder 105 corresponds to the pedal velocity 102.

[0067] Pedal rate 106 from encoder 105 is multiplied times gear rollout 107 at diagram

element 108. As described in more detail below, the virtual bike velocity 110 is calculated

utilizing the virtual friction, aerodynamic and other losses, along with the effects of rider

weight, gravity, hill angle, and other factors. As also described in more detail below, the

estimated total rider power (watts) is also utilized in calculating the virtual velocity 110.

[0068] The difference between the virtual velocity 110 and the measure velocity 109 is

taken at the diagram element 111 and the velocity difference 112 is utilized as an input to

the game transfer function 113 to provide a control signal or value 114. The value 114 is

divided by the gear roll out 107 at diagram element 115, and the resulting output (watts)

116 is added to the rider total watts 117 at diagram element 118. The output 119 is

supplied to the alternator gain transfer function 120. The alternator gain transfer function

120 is utilized to generate a pulse with modulation (PWM) signal 121 to control the

alternator.

[0069] The load 122 and power (watts) 123 from the alternator is utilized as an input 124

to the total power estimation 125. Each of the losses in the actual stationary bike system

are also supplied to the total power estimation 125. These losses include the bike

frictional loss 126, the alternator windage and any current loss 127, the circuit power

losses 128, and the losses 129 due to battery charging. The total power estimation 125

provides the total rider wattage 117 to the other portions of the control system.

[0070] As shown at diagram element 130, the total rider watts are divided by the virtual

velocity 110 to provide rider estimated forces 131. The estimated rider forces 131 are

summed with the virtual friction loss 132, virtual aerodynamic loss 133, and the hill forces

134 to provide a total rider force 136. The frictional loss 132 may be calculated utilizing

the virtually velocity 110 according to a variety of suitable methods. Similarly, the

aerodynamic loss 133 is determined utilizing the virtual velocity squared 137. The hill

forces 134 are determined by multiplying the slope or hill angle 138 by the weight 139 of

the rider and bike as shown at diagram element 140. The rider and virtual bike weights

are added together at 141 to provide a weight 142. The total rider force 136 is divided by

the bike and rider weight 142 as shown at diagram element 143 to determine the virtual



rider acceleration 144. The virtual rider acceleration 144 is integrated by an integrator

145, and the output 146 of integrator 145 is the virtual bike velocity 110.

[0071] With further reference to Fig. 2, a diagram 150 of a control system according to

another aspect of the invention is somewhat similar to the control system of Fig. IA, and

the corresponding features are therefore numbered the same as in the diagram of Fig. IA.

The primary difference between the control system of Fig. 2 and the control system of Fig.

IA, is the utilization of measured pedal force 160 as an input into the calculation of total

true forces 80 as illustrated at diagram element 79. As described above, the system of

Fig. IA utilizes total rider true watts 54 (Fig. IA) divided by measured velocity 7 1 to

determine an estimated force 56. In contrast, the system of Fig. 2 utilizes the actual

measured forces 160. The other aspects of the control system of Fig. 2 are substantially

similar to the corresponding elements described in detail above in connection with Fig.

IA, such that these elements will not be further described in detail.

[0072] With further reference to Fig. 3, a control system 180 according to another aspect

of the present invention includes a first switch 181 and a second switch 182. When the

switch is in the upper position (i.e., connecting nodes I and II), and the second switch 182

is also in the upper position (i.e., interconnecting nodes I and II of switch 182), control

system 180 operates in substantially the same manner as the control systems described in

detail above in connection with Figs. IA, IB, and 2. However, when switches 181 and

182 are in the second position (i.e., nodes II and III of switches 181 and 182 are

connected), control system 180 operates in a different mode, and utilizes a force sensor to

provide a force 187 to control the bike 185. When the control system 180 is in the second

mode utilizing force input 187, the force input 187 ("S") is divided by gear rollout 188

("G") at diagram element 189, and the resulting measured force 191 is supplied to a bike

road model 190 through switch 182 instead of the estimated rider forces utilized in the

control systems of Figs. IA, IB, and 2. The bike road model 190 is substantially the same

as the corresponding components of the control systems shown in Figs. IA, IB, and 2

above. In contrast to the control systems described above, control system 180 utilizes the

measured force 187 as a control input rather than an estimated force calculated from the

user's estimated power input. As shown at diagram element 192, the velocity difference

193 between the measured velocity 194 and the virtual velocity 195 is divided by the

measured force input 187 ("S") at diagram element 192. The result 199 is added to a

spring rate 200 at diagram element 201 to provide a value 202 that is utilized by the



alternator gain transfer function to control the alternator. The spring rate 200 represents

the stiffness of the entire stationary bike system.

[0073] The control system 180 generates a signal to the alternator to generate a force that

is proportional to the displacement in the stationary bike. Thus, if the controller "senses"

that a large bike frame deflection is present, the controller generates a signal to the

alternator to generate a correspondingly large resistance force that is, in turn, felt by the

rider. The control system 180 is capable of providing a very accurate model of an actual

bike. Also, because the control system 180 utilizes actual forces, the controller 180

automatically compensates for variations in forces generated by friction and the like in the

stationary bike. Thus, if the forces resulting from friction, for example, vary as the

stationary bike gets older due to bearing wear or the like, the control system 180 will still

provide an accurate force feedback to the rider. Also, the control system 180 similarly

provides accurate force feedback regardless of whether or not various stationary bikes in

production have different frictional characteristics due to manufacturing tolerances and the

like. Still further, the control system 180 also compensates for variations that would

otherwise occur due to the operating conditions of the stationary bike.

[0074] The control system 180 may also provide an accurate display of the power input by

the user. The product of the measured crank speed and the measured crank force is the

true rider power 203. The true rider power 203 may be displayed on display unit 50 (Fig.

11) utilizing a suitable visual representation.

[0075] Yet another control diagram or system 210 is illustrated in Fig. 4. The control

system 210 is somewhat similar to the control system 180, and includes a force sensor 186

providing a measured force 187. Switches 181 and 182 provide for switching modes

between an estimated power mode that is similar to the arrangements described in detail

above in connection with Figs. IA, IB, and 2, and a force measurement mode. In the

force measurement mode, the force 187 is divided by the gear rollout 2 11 at diagram

element 212 to provide a measured force 213 that is utilized as an input in bike road model

190 in substantially the same manner as described above in connection with Fig. 3. The

measured crank velocity 216 is multiplied times gear rollout 2 11 at diagram element 217,

and the difference between the resulting measured bike velocity 218 and the virtual

velocity 215 from the bike road model 190 is input to gain transfer function 219. The gain

transfer function 219 provides a velocity difference or error 220 ("E") which is divided by

gear rollout 211 ("G") at diagram element 214 to provide a crank velocity or position error

221. The difference between the position error 221 and the measured force 187 is taken at



diagram element 222, and the resulting value 223 is used by the alternator gain function

224 to generate a signal controlling the alternator and corresponding resistance force

experienced by a user. Control system 210 also provides for true rider power 225 by

taking the product of the measured crank velocity 216 and the measured crank force 187.

The true rider power 225 may be shown on display 50 or other suitable device.

[0076] A control system 230 according to yet another aspect of the present invention is

illustrated in Fig. 5. Control system 230 includes first and second switches that enable the

controller 230 to be changed between an estimated rider force mode similar to the control

method/scheme of Figs. IA, IB and 2, and a force measurement mode that is somewhat

similar to the control arrangement discussed above in connection with Figs. 3 and 4. The

controller 230 utilizes the product of the measured velocity 233 and the measured force

234 as shown at diagram element 235 to produce "true" (measured) rider power 236.

When the control system 230 is in the measured force mode, the true rider power 236 is

added to the velocity or position difference or error 238 at element 237, and the resulting

value 239 is utilized by the alternator gain transfer function 240 to control the alternator or

other force-generating device. In the control scheme 230, the measured velocity 233 is

multiplied by gear rollout at 243, and the resulting measured velocity 244 is added to the

virtual velocity 241 at 245. The resulting velocity 246 is then provided to gain transfer

function 47, and the resulting velocity difference or error 248 is divided by gear rollout

242 at 249 to, in turn, generate the velocity or position difference 238.

[0077] With reference to Fig. 6, a bike crank 160 includes pedals 161 that rotate about

axis 163 in a circular path 162. When a rider is riding on a real bike, the rider will

generally tend to generate a higher force on a pedal 161 as the individual pedal 161 travels

through the first quadrant I and second quadrant II adjacent the X axis. As each pedal 161

rotates around the circular path 162, the force generated by a rider will tend to be close to

zero at 90° and negative 90° (top and bottom). Also, the force tends to be lower in

quadrants III and IV than in quadrants I and II. In general, the force generated on an

individual pedal 161 will vary periodically. The total torque generated by the rider is the

sum of the forces applied to each pedal at each instant. Although the total torque

generated by a user will tend to vary somewhat from one pedal revolution to the next, the

total torque for most riders will be in the form of a periodic curve 165 as shown in Fig. 7.

Although the exact shape of curve 165 will vary from rider to rider, and also will vary

somewhat from one revolution of the crank 160 to another, and also under different riding

conditions (slope, wind, riding surface, etc.) the curve 165 tends to have a shape that is



similar to a sine wave. The graph of Fig. 7 illustrates the total torque generated on a crank

by both pedals 16 1 as a function of the crank angle θ where the angle is in radians. In

general, a force peak 166 in Fig. 7 will occur each time one of the pedals is at or near the

X axis (Fig. 6) and the crank angle θ is zero or 180°. As the crank 160 rotates, the force

generated by a rider falls off until it reaches a low point 167 that generally occurs when

the pedals 161 are directly above and below the axis 163.

[0078] Due to the physics involved in riding an actual bike, the force exerted by the rider

on an actual bike is equal to the resistance force felt by the rider from the pedals 161 due

to the affects of acceleration, aerodynamic drag, friction, rolling resistance, hill angle, and

the like. Thus, for a real (non-stationary) bike, the force both the rider input, and the

resistance force experienced by the rider may take the form of curve 165. It will be

appreciated that the present control system provides a force variation that varies

periodically in substantially the same manner as a real bike, such that the force curve 165

is substantially duplicated by the control system of the present invention. In this way, the

control system of the present invention provides a much more accurate simulation of the

actual forces experienced by a rider.

[0079] . Also, it will be understood that different riders may have different force curves.

For example, a highly-trained experienced rider may produce a force curve 170. The force

curve 170 includes a peak 171 at substantially the same crank angle as peak 166, and also

includes a low force point 172 that occurs at the same crank angle θ as the low force point

167. However, because an experienced rider can generate force on the pedals throughout

the pedal's range of movement, the low force point 172 may be a positive number that is

above the zero force axis.

[0080] Although the forces are illustrated as having the shape of a sine wave in Fig. 7, it

will be understood that the actual applied and resistance forces may not have the exact

shape of a sine wave. Nevertheless, in steady-state cycling, most riders will tend to apply

a periodic force to the pedals that is similar to a sine wave, and the resistance force is also

generally a periodic function similar to a sine wave. Significantly, the controller of the

present application provides a resistance force that is substantially the same as the periodic

forces illustrated in Fig. 7. As discussed in detail above, the control system of the present

application generates a force based, at least in part, upon the virtual acceleration. Because

the control system and apparatus of the present invention provides for the various dynamic



and other factors associated with riding a real bike, the force experienced by a rider is

substantially the same as those experienced by a rider on a real bike.

[0081] Fig. 12 is a schematic drawing of a stationary bike 1 including a force sensor 6

according to another aspect of the present invention. The stationary bike 1 includes a

crank 2 with pedals 3 and a drive member 4 such as a pulley, toothed cog or the like. The

drive member 4 engages a flexible drive member 5. The flexible drive member 5 may be

a toothed belt, chain, or the like. A rotary inline force sensor 6 engages the flexible drive

member 5, and measures the tension in the flexible drive member 5. Although force

sensor 6 is preferably a rotary inline type sensor, numerous other force sensing devices

could be utilized. For example, a force sensor could be configured to measure the force

applied to the alternator. The force sensor could be positioned between the alternator and

the support structure holding the alternator. Alternately, a force sensor could be

configured to measure the force acting on the crank arms, or on the pedals. A belt tension

monitoring device or the like could also be utilized. A force sensor could also be mounted

to the alternator pulley with a slip ring set-up. Still further if the degree of movement of a

particular structure as a function of applied force is known, the deflection may be

measured and utilized to calculate the applied force.

[0082] Rotary inline.force sensor 6 is operably coupled to a Central Processing Unit

("CPU") 10, and provides force data to the CPU 10. The flexible drive member 5 engages

a driven member 7 that is operably coupled to an encoder 8. The encoder 8 is configured

to determine the position and/or velocity of the flexible drive member 5, so the rotational

rate (angular velocity) of crank 2 can be determined. The encoder 8 is operably connected

to the CPU 10, and thereby provides velocity and/or position data to the CPU 10. An

alternator 11 is operably coupled to the driven member 7 to thereby provide an adjustable

resistance force based upon input from the brake driver 12. The brake driver 12 is

operably coupled to the CPU 10 to provide force control. Microprocessor 1OA is operably

coupled to display 50 to provide visual information (see also Fig. 11) to the user

concerning the bike's virtual speed, the power generated by the user, pedal r.p.m., virtual

hill angle, and the like. Also, as described in more detail below, a hand brake 45 is

operably coupled to CPU 10 to provide a braking force feedback that may be utilized in

control of the bike 1.

[0083] With reference to Fig. 2A, a control system arrangement for a bike 1 according to

another aspect of the present invention (Fig. 12) utilizes the measured force from force

sensor 6 instead of the estimated force as illustrated in Figs. IA and IB. In the system of



Fig. 2A, the force measured by the force sensor 6 is input into the summation 2 1 and

added to the friction loss 14 and windage/aerodynamic drag loss 15, braking force

(optional) and the force 16 due to gravitational forces and the slope of the virtual hill to

calculate the total force F. The acceleration is then calculated by dividing force F by the

rider mass, and the acceleration is then integrated in the integrator 18 to provide the

velocity. The true bike velocity 19 from the integrator goes into a summation 22 along

with the measured velocity 23. The difference between the measured velocity 23 and the

true bike velocity 19 is then multiplied by a large gain transfer function 24 as discussed

above. Thus, although the principle of operation of the system illustrated in Fig. 2A is

substantially similar to the system of Fig. IB, the use of measured force rather than

estimated force provides for a potentially more accurate simulation. Fig. 2 shows another

control system that utilizes measured force at the pedals rather than a force estimate.

[0084] The control systems may optionally include a brake feature to simulate the effects

of braking. With reference to Fig. 2A, a braking force may also be added to the other

forces at summation 2 1 to thereby reduce the calculated bike velocity. A braking force

may also be added to total true forces shown in Figs. IA and IB. Braking may be utilized

when the bike simulator is part of a full rider experience, like a computer game, where

riders might ride together, jockey for position, go around curves, draft each other and the

like. In this example, the brake may be used to prevent collisions or falling in the

simulation. A simulation of this type may include a display of the rider's position and the

environment of the ride.

[0085] With reference to Fig. 19, a brake lever 40 may be rotatably mounted to a handle

4 1 of a stationary bike. Handle 40 is biased away from a "brake engaged" position shown

as line "B" in Fig. 12 towards a disengaged position shown as line "A" (Fig. 19). As a

rider rotates handle 40 from disengaged position A through angle θ1 to the brake engaged

position B, a relatively small torque Tl is generated due to a rotary spring (not shown) or

the like. However, once the handle 40 reaches engaged position B, the handle 40 hits a

very stiff spring or a rigid stop to thereby provide a tactile feel to a rider that is

substantially similar to a real bicycle having caliper type brakes. The force (torque) T2

acting on handle 40 in engaged position B can be measured and utilized as feedback (i.e.,

input) into the control systems of Figs. IA, IB, and 2A. Alternately, if a stiff spring (not

shown) is used instead of a stop at position B, the movement of handle 40 can be

multiplied times the spring constant to provide a brake force for the control system. An



electrical or optical line 42 may be utilized to operably connect the force (or displacement)

sensor to the controller 10 of Figs. 12 and 13.

[0086] The controller may utilize the measured (applied) force on the brake in a variety of

ways to control the resistance force. For example, the function describing the velocity lost

from the virtual bike velocity may be a linear equation, a polynomial, or an exponential

function of the force applied to brake lever 40. Alternately, the velocity (power) loss may

be estimated from empirical data utilizing a look up table or a curve-fit such as a spline.

[0087] With further reference to Fig. 13, a stationary bike 20 according to another aspect

of the present invention is similar to the stationary bike 1 of.Fig. 12, except that stationary

bike 20 does not include a force sensor 6. Stationary bike 20 includes a crank 2, pedals 3,

drive member 4, flexible drive member 5, driven member 7 encoder 8, processor 10,

alternator 11, hand brake 45, display 50 and brake driver 12. These components are

substantially the same as described above in connection with stationary bike 1 (Fig. 12).

However, because stationary bike 20 does not include a force sensor, control of bike 20

may be implemented via a power-based force estimation arrangement as illustrated in

Figs. I a and IB.

[0088] As discussed in detail in U.S. Patent No. 6,454,679 (previously incorporated herein

by reference), a basic equation of motion can be expressed as:

V(update)=V+[(F a-Fd)-mi* gsin θ](W m ♦) (1.1)

With further reference to Fig. 14, for a bicycle simulation, this equation becomes:

V(update)=V+[(F a-Fd)-(mi+m 2) g sin θ - 0.5 CipQV 2](W(mi+m 2)) ( 1.2)

The input variables for the bike equation are illustrated in Fig. 14.

[0089] With further reference to Fig. 15, a stationary bike system 30 utilizing the bike

equation ( 1.2) utilizes the difference between the update velocity (V(update)) and the

measured velocity V multiplied times a large gain (i.e., numerical value) to determine the

amount of force to be generated by the alternator. A force 3 1 from force sensor 6 is added

to the friction force 32, the force due to the hill 33, and the force due to aerodynamic drag

33A at summation 2 1 to provide a total force 34. The drag force Fd is given in Fig. 14,

and the force due to a virtual "hill" is given by:

Fhiii = (mi+m2)gsin θ; where θ = the slope angle of virtual hill (1.3)

The force due to aerodynamic drag is given by:

Faero = -0.5 C pQV2 (1.4)



[0090] It will be understood that the coefficient of drag C i may be adjusted to account for

the differences between individual users. Also, the control system may adjust the

coefficient of drag C i based upon whether or not a user's hands are grasping the tops 27A

(Fig. 1) or drops 27B of handlebar 27. This may be done based upon a signal from sensors

on the handlebars. Alternately, the bike 1 may include a user input feature that permits a

user to select either a "tops" riding configuration or a "drops" riding configuration. The

controller may have stored information concerning coefficients of drag for the two riding

positions, and thereby adjust the aerodynamic drag factor accordingly. Or the controller

may contain information that will allow it to calculate aerodynamic drag coefficients

based on user mass, and or height and or other bodily dimension.

[0091] Also, the controller may be programmed to provide coefficients of drag that

simulate aerodynamic drag associated with different types of bikes. For example, the

controller may have stored coefficients of drag for mountain bikes and for road bikes or

recumbent bikes. Still further the controller may include a feature that permits it to

calculate or otherwise determine the coefficient of drag for a particular user based on the

user's weight, height, or the like. In this way, the controller can simulate the effects of

aerodynamic drag for different size riders, different rider handlebar positions, and different

bike styles/configurations. The total forces 34 are divided by Tinc/(mi+m2) 5 and this

quantity 36 is added to the measured rider velocity V to give V(update) 37. The difference

between the velocity V and V(update) is multiplied by a relatively large number (gain) to

provide the feedback for the amount of braking force generated by the alternator.

[0092] Alternately, equation ( 1.2) can be expressed as:

∆V = V(update)-V=V+[(F a-Fd)-(mi+m 2) g sin θ - 0.5 CipQV 23/(tinc/(mi+m 2))

In this way, the difference ∆V between the measured velocity V and V(update) can be

directly calculated and multiplied by a large gain to provide feedback control. Thus, the

quantity 36 in Fig. 15 can be directly input to the gain transfer function 38 to provide

feedback to the alternator to control the force generated by the alternator. The haptic

routine for implementing the system of Fig. 15 is illustrated in Fig. 16, and a block

diagram illustrating the system of Fig. 15 is shown in Fig. 17.

[0093] As discussed above, the drag force Fd for a bicycle can be calculated utilizing the

equation of Fig. 14. Also, the force a rider experiences due to a hill is:

Fhui = (mi+m 2)gsin θ ( 1.3)

and the aerodynamic drag can be calculated as:



Facro -0.5 C lPQV2 (1.4)

Each of the forces Fa, j
1

i and Faero are functions of velocity or the slope of the virtual hill.

The other forces acting on the rider are the result of the angular and linear acceleration of

the rider/bike and the moment of inertia and mass of the rider/bike.

[0094] Accordingly, a stationary bike according to another aspect of the present invention

may include a flywheel having an adjustable moment of inertia. The flywheel may be

operably coupled to a controller, such that the rider's weight can be input, and the flywheel

can be adjusted to provide an inertia that is the equivalent of an actual rider on a bicycle.

In other words, the inertia of the flywheel can be adjusted to provide the same amount of

acceleration for a given force on the pedals as a rider would experience on a "real" bicycle.

The friction force Fd (including rolling resistance), the force due to the virtual hill (Fhill),

and the forces due to the aerodynamic drag (Faero) can be calculated based on velocity

and hill angle (and rider/bike mass) and input into the processor and utilized to adjust the

resistance force generated by the alternator or friction brake. In this way, the adjustable

inertia flywheel can be utilized to model the forces due to acceleration, and the velocity

measured by the encoder and the hill angle from the simulation can be utilized to provide

additional forces simulating the effects of rolling friction, hills, and aerodynamic drag.

[0095] A stationary bike according to yet another aspect of the present invention utilizes

measured acceleration rather than measured force as an input to the control system. In

general, force is equal to mass times acceleration. Thus, rather than measuring force

directly as described above, the acceleration can be measured (or calculated as the

derivative of velocity, which, in turn, is the derivative of position) and multiplied times the

effective mass of the system to thereby obtain "measured" force. This "measured" force

may be utilized in substantially the same manner as described above in connection with

the direct force measurement aspects of the present invention.

[0096] Still further, the position of the bike pedals may also be measured, and the

difference between the measured position may be utilized as a control input. For example,

a virtual velocity calculated according to the control systems described above may be

integrated to provide a virtual position. The difference between this virtual position and a

measured position may then be utilized as the control input rather than a velocity

difference. It will be appreciated that the gain/transfer function may be somewhat

different if a position difference is utilized as a control input.

Alternator Control (Figs. 20-25 )



[0097] Use of an alternator in exercise equipment to absorb the energy generated by the

exercising person is known. The advantages of using an alternator in exercise equipment .

are that an alternator is low in cost and easy to control e.g. in an alternator by use of both

the rotor current field and the load, and thereby the forces applied to the exercising person.

[0098] In the following description of another aspect of the present invention, an

alternator type device will be used as an example, but it will be understood that this is

merely for purposes of explaining the concepts involved, and therefore does not limit the

application of these concepts to alternators.

[0099] In a conventional alternator the rotor consists of a coil that generates a magnetic

field. As the rotor rotates, this field couples to the stator coil in such a way a voltage is

generated across the stator coil. In prior art arrangements, the form of the voltage across

the stator field is typically a 3 phase AC waveform. Inside the alternator package 6 diodes

are used in a conventional full-wave rectification circuit to generate DC from the AC

stator voltage. In a vehicle application of an alternator, this DC voltage is used to charge

the vehicle battery.

[0100] When used in an exercise device, the DC voltage generated by the alternator is

applied to a switchable load. A typical prior art alternator arrangement for exercise

equipment is illustrated in Fig. 20. To change the braking force applied to the exercising

person, the load is commonly switched on and off so that the average current passing out

of the alternator is controlled. The average current times the average voltage equals the

wattage being extracted from the exercising person. Sometimes, in addition to a

switchable load, the rotor current is adjusted as well to charge the battery correctly.

[0101] In prior art arrangements, a microprocessor is typically used to control the load on

the exercising person. The microprocessor changes the current in the rotor and switches

the load on the alternator on and off to generate the desired load on the exercising person.

Often the microprocessor uses both the switchable load and the rotor excitation current to

adjust both the load on the exercising person and also the voltage and current applied to

the exercise device's battery to charge it. Thus, the microprocessor has two control

variables, rotor excitation current and load value, and also has two goals, obtaining correct

exercise load and charging the battery correctly.

[0102] Several disadvantages pertain to the use of an alternator in this way (i.e. use of a

bridge and a DC load). First, torque ripple is caused by the ripple in the stator voltage.

This torque ripple can be felt by the exercising person as a vibration or "bumpiness" in the

resistance force applied to the exercise device. Typically, the torque ripple is about 25%



of the torque generated by the alternator. Examples of power and voltage ripple as a

function of time are shown- in Figs. 2 1 and 22. Another disadvantage is that an alternator

used with a bridge rectifier does not utilize the alternator in an optimum way as a brake,

because only a single pair of windings is generating current at any given time. Thus, the

maximum power that can be extracted from the exercising person for a given alternator is

less than could be obtained if the alternator's stator winding were loaded in such a way as

to use all the stator windings at once. Yet another disadvantage is that a typical load

circuit is very slow in responding to control changes in the exercise equipment, because

the circuit used for the stator DC voltage commonly has a large capacitor to smooth the

control behavior. Another disadvantage is that the rotor current cannot be set arbitrarily to

obtain optimum exercise performance, because the stator needs to generate voltage in

excess of the battery voltage in order to charge the battery (typically 12 volts): Therefore

the rotor generates eddy current losses and other losses in the system that deleteriously

affects the exercise device performance particularly at the lower range of resistances

provided.

[0103] A circuit 155 (Fig. 23) according to one aspect of the present invention alleviates

or eliminates these disadvantages. The circuit 155 eliminates all, or substantially all,

torque ripple from the alternator. Also, the circuit 155 uses all the alternator windings

simultaneously, such that a given alternator can generate 50% more load. Also, the circuit

155 is very fast in response to the control input of the brake (force control) system, and it

also allows for arbitrary setting of the rotor current, so very large load dynamic range can

be obtained while still charging the battery and avoiding generation of eddy current losses

and the like that would otherwise effect exercise device performance.

[0104] With reference to Figs. 23 and 24, in circuits 155 and 158 according to the present

invention the load on the AC voltage generated by the alternator stator. In circuits 155 and

158, the magnitude of the excitation current (also known as "field current") is controlled to

thereby vary the resistance force developed by the alternator. In general, if the excitation

current is zero, no current will flow through resistors 157 even if the rotor is moving, and

the alternator will not generate any resistance force (torque). However, as the excitation

current increases, current flows through the resistors and the alternator produces a

resistance force felt by the user of the exercise equipment. It will be understood that the

resistance torque of the alternator for a given excitation current is generally constant (i.e.,

the resistance torque does not vary with r.p.m. of the alternator). However, the power

taken from the system by the alternator varies with r.p.m. Therefore, if the control system



of the exercise equipment is configured to control the power of the alternator as the control

variable, the alternator gain or transfer function will be configured to account for the

variation of power due to r.p.m. (or other system component).

[0105] Significantly, the load configuration of circuits 155 and 158 has no intrinsic torque

ripple. The reason for this is as follows. The 3 outputs of the alternator can be thought of

as 3 sine wave voltage generators with voltages A sin (ωt), A sin (cot + 2/3 Pi), and A sin

(cot - 2/3 Pi). These represent conventional 3 phase waveforms. The instantaneous power

out of each winding is then A sin(ωt)Λ2/Rload, etc., and the sum of these three power

terms is 1.5 AA2, so it has no dependency on time at all. Therefore the power output of the

alternator has no power ripple, and because of this and the fact that ρower= force x

velocity, it has no torque ripple.

[0106] Additionally, circuits 155 and 158 generate current from all the windings at once.

In contrast with a conventional circuit which generates approximately AΛ2/Rload output

power for a given stator winding peak voltage A, circuits 155 and 158 obtain 1.5

AA2/Rload power, or 1.5 times the power, without drawing higher than the allowable

current from the stator windings. In other words, the load power factor in circuits 155 and

158 is 1, while the load power factor on a conventional circuit is 1/Sqrt[3]. It is well

known that a higher power factor results in lower internal heating for a given load in

devices such as alternators and motors. Thus, the circuits 155 and 158 are capable of

generating 1.5 times the load of a conventional circuit without overheating the alternator.

Alternately, a smaller alternator can be used to generate the same load. This increase in

power factor facilitates control according to the invention because a control system

according to the invention may require high peak power from the same device (rather than

a steady, unrealistic power output). This peak power may possibly be close to twice the

power required during the use of a conventional alternator load on a conventional exercise

bike.

[0107] Another advantage of circuits 155 and 158 is that the circuits respond very quickly

to control changes. Only the rotor excitation current is used for the load control, and the

alternator responds almost instantaneously to the rotor excitation current changes (on the

order of less than 1 millisecond, which for exercise equipment applications is essentially

instantaneous). Yet another advantage of circuits 155 and 158 is that the rotor excitation

can run from 0 volts to full rotor voltage, so the dynamic range of control is very large.

Since the power into the load is proportional to the square of the voltage on the stator, and

the voltage on the stator is proportional to the excitation current, the power out of the



alternator is proportional to the square of the excitation current. So a 100:1 change in

rotor current results in a 10,000:1 change in the load power, a very large dynamic range.

[0108] The circuit 155 of Fig. 23 does not include a provision for charging a battery.

However, as shown in Fig. 24, a circuit 158 according to another aspect of the present

invention includes battery charging capabilities. In use, switches 159 are opened briefly at

typically 20 kHz (for example 5 microseconds every 50 microseconds), and the voltage

generated by the stator jumps to a higher voltage because the stator windings of the

alternator act as flyback coils as in a flyback power supply. The stator coils are charged

up with the current that flows through resistors 157, and when switches 159 open, the coils

have charged up L IA2/2 energy. Each time switches 159 are opened some of this energy

is discharged into the battery 153. The period of the open switches is so short that the

current through the stator coils do not change very much. Also, the process occurs so

quickly that there is no significant torque effect on the exercising person. The voltage

jumps up until the diodes 154 forward conduct current into the battery, thereby charging

battery 153 in spite of the fact that the voltage across the resistor loads on the stator

average much less than the battery voltage. Because of the flyback effect, the battery

charging can be accomplished without generating battery-level voltages on the stator

windings. Because of this, the battery charging process does not force the rotor excitation

to be great enough to generate the battery voltage on the stator. When operated at low

excitation and low power, circuit 158 does not generate the eddy current and other losses

that the conventional circuit generates at low output power. Circuit 158 also has only the

current used to charge the battery passing through the diodes 154, and so the diodes 154

are much smaller, use much less power, and are much less expensive than typically used in

prior control schemes and circuits.

[0109] A further advantage of allowing the rotor current to go to low values during the

power control process is that alternators have losses caused by the magnetic fields

generated by the rotor excitation current. By controlling the rotor excitation, and allowing

it to go to zero when the user is applying little or no force to the equipment, the baseline

forces of the system are minimized.

[0110] A microprocessor in the exercise equipment controls the period the switches 159

are off to control the flow of current into battery 153. Using the switch off period as a

control, the battery charging can be easily controlled over a wide range of currents. The

charging of the battery 153 is essentially independent of the stator voltage, so the

microprocessor control system can charge the battery as required by the battery's current



state of charge and other factors, without requiring the load presented to the exercising

person to be unduly affected. The control system can take into account the power

generated by the alternator that goes into the resistor loads, and also the power that goes

into the battery, so that any exercise load power desired can be generated.

[0111] The alternator output used to charge battery 153 also can be used to operate the

other circuits in the exercise equipment, such as displays, computers, controls, and the

like. The power required to operate the exercise equipment is also accounted for in the

exercise load calculation, so the exercising person feels the desired load independent of

the operation of the charging or operating circuits.

[0112J Switches 159 comprise bipolar high-current switches as shown in Fig. 25.

Switches 159 are connected in series with stator load resistors 157. Although various

switch configurations could be utilized a typical design for switches 156 is shown in Fig.

25.

[0113] Although the control system of the present invention may take various forms, it

will be understood that the rider power estimation versions of Figs. IA, IB and 2 and the

force measurement systems of Figs. 3-5 utilize a difference between a measured value

related to a user's effect on the exercise equipment, and a virtual value that is determined,

at least in part, upon the physics governing the actual physical activity being simulated.

[0114] The power estimation control systems described above utilizes the power

generated by the rider to calculate the force input by the rider utilizing the relationship

between force and power (power equals force times velocity). This calculated force is, in

turn, used to calculate the virtual acceleration utilizing the principle that force is equal to

mass times acceleration. The acceleration is then integrated to provide the virtual velocity.

The difference between the virtual velocity and the measured velocity is then used as the

control input to the alternator or other force-generating device to increase the resistance

force as the difference between the virtual velocity and the measured velocity increases.

[0115] The force-measurement versions of the control system also utilize the difference

between the measured velocity and the virtual velocity. However, the force-measurement

versions of the system use the measured user force rather than the user force calculated

from power as described above.

[0116] In general, the control system may be configured to push the difference between

the measured velocity and the virtual velocity to zero, or to a small difference.

[0117] In the foregoing description, it will be readily appreciated by those skilled in the art

that modifications may be made to the invention without departing from the concepts



disclosed herein. Such modifications are to be considered as included in the following

claims, unless these claims by their language expressly state otherwise.



The invention claimed is:

1. A stationary bike, comprising:

a support structure defining a front portion and a rear portion;

a seat mounted to the support structure;

a crank rotatably mounted to the support structure for rotation about an axis, the

crank including a pair of pedals that are movable along a generally circular path about the

axis, the circular path defining a forward portion in front of the axis and a rear portion in

back of the axis;

a control system including a force-generating device connected to the crank to vary

a resistance force experienced by a user pedaling the stationary bike, wherein the

controller controls the force-geaerating device and causes the resistance force experienced

by a user to be greater in the forward portion of the circular path than in the rear portion of

the path.

2. The stationary bike of claim 1, wherein:

the force-generating device comprises a mechanical brake.

3. The stationary bike of claim I wherein;

the force-generating device comprises an electrical-based device that does not

utilize variation in factional forces generated by contact between two parts that are

moving relative to one another to vary the resistance force.

4. The stationary bike of claim 3 wherein:

the force-generating device comprises an alternator.

5. The stationary bike of claim 4, including:

an electrical control operably connected to the alternator, wherein the electrical

control causes the alternator to generate a resistance torque that is sufficiently constant to

substantially eliminate perceptible resistance force variations at the pedals.

6. The stationary bike of claim 4, wherein:

the alternator includes at least three stator windings; and including:



an electrical control that causes the three stator windings to be loaded

simultaneously such that all three stator windings simultaneously generate appreciable

electrical current.

7. The stationary bike of claim 6, wherein:

the electrical control varies the field current to control the force produced by the

alternator.

8. The stationary bike of claim 7, wherein:

each stator winding is electrically connected to the other stator windings across a

resistor.

9. The stationary bike of claim 8, wherein:

the circuit includes a switch connected in series with each resistor.

10. The stationary bike of claim 9, including:

a battery; and wherein:

the switches are opened for a plurality of short time periods to change the battery.

11. The stationary bike of claim 10, wherein:

the time periods are sufficiently short so as to avoid generating a force variation

that can be perceived by a user.

12. The stationary bike of claim 10, wherein:

the time periods are sufficiently short so as to prevent large changes in current

through coils of the alternator.

13. The stationary bike of claim 1, wherein:

the control system utilizes a measured value of a user's input to the stationary bike

to control the resistance force.

14. The stationary bike of claim 1, wherein:



the control system determines at least one virtual property and utilizes a difference

between the virtual property and a corresponding measured property to determine a

control input to control the resistance force experienced by a user.

15. The stationary bike of claim 14, wherein:

the virtual property comprises a virtual velocity.

16. The stationary bike of claim 15, wherein:

the measured property comprises the rotation rate of the pedals.

17. The stationary bike of claim 1, wherein:

the control system utilizes at least a portion of an equation of motion of a bicycle

to determine a virtual variable, wherein the virtual variable is selected from a group

consisting of a virtual rider applied force, a virtual velocity, and a virtual acceleration.

18. The stationary bike of claim 17, wherein:

the stationary bike' includes a sensor capable of measuring a real variable, wherein

the real variable is selected from a group consisting of a force applied to the pedals by a

user, a crank velocity, and an acceleration of the crank.

19. The stationary bike of claim 18, wherein:

the control system utilizes the difference between the virtual variable and the real

variable to control the resistance force.

20. The stationary bike of claim 1, wherein:

the control system determines a virtual velocity utilizing a calculated aerodynamic

drag factor that varies non-linearly as a function of the virtual velocity.

21. The stationary bike of claim 20, wherein:

the aerodynamic drag factor is proportional to the virtual velocity squared.

22. The stationary bike of claim 1, wherein:

the control system controls the force-generating device such that a larger force is

generated if the rider's pedaling rate is increased relative to a constant pedaling rate.



23. The stationary bike of claim 1, wherein:

the stationary bike defines a velocity that is a function of the pedal r.p.m., and

wherein the control system provides a steady-state resistance force that must be provided

by a rider to maintain a constant r.p.m., and wherein the steady-state resistance force

increases as the pedal r.p.m. increases and the controller is simulating riding on a non-

sloped surface.

24. The stationary bike of claim 1, wherein:

the controller causes the force-generating device to provide resistance forces for a

user that vary according to the acceleration that would be experienced by a user riding an

actual bicycle.

25. The stationary bike of claim 1, wherein:

the controller generates a pedal force after a coasting period by a user during which

the pedals are not rotated that is substantially similar to a pedaling force that would be

experienced by a rider of an actual bicycle after the same coasting period.

26. The stationary bike of claim 1, wherein:

each pedal defines a top pedal position wherein the pedal is directly above the axis,

and a bottom position wherein the pedal is directly below the axis, and wherein the control

causes the resistance force to be substantially lower when the pedals are in the vicinity of

the top and bottom positions than when the pedals are in other positions on the circular

path.

27. The stationary bike of claim 1, wherein:

the resistance force varies periodically twice during each revolution of the crank.

28. The stationary bike of claim 1, wherein:

the resistance force as a function of time is approximately sinusoidal.

29. The stationary bike of claim 28, wherein:

a plot of the shape of the resistance force as a function of time is not identical

during each crank revolution.

30. The stationary bike of claim 29, wherein:



the resistance force as a function of time is not determined according to a

predetermined mathematical relationship utilizing pedal position.

31. The stationary bike of claim 1, wherein:

the resistance force is determined by taking into account at least one factor relating

to an equation of motion for a bicycle.

32. A stationary bike that substantially simulates the pedaling effort of a moving

bicycle, the stationary bike comprising:

a support structure;

a pedal structure movably mounted to the support structure;

the pedal structure including two pedals that move about an axis to define an

angular velocity, and wherein forces applied to the pedals by a user define user input

forces;

a controller operably connected to the pedal structure to provide a variable

resistance force restraining movement of the pedals in response to user input forces,

wherein the variable resistance force substantially emulates at least some of the effects of

inertia that would be experienced by a rider of a moving bicycle.

33. The stationary bike of claim 32, wherein:

the controller provides a variable resistance force that accounts for aerodynamic

drag.

34. The stationary bike of claim 33, wherein:

the controller determines a bike velocity and utilizes the velocity to determine an

aerodynamic drag factor that increases with velocity, and wherein the variable resistance

force is determined, at least in part, by taking into account the aerodynamic drag factor.

35. The stationary bike of claim 34, wherein:

the aerodynamic drag factor increases as a function of the square of the bike

velocity.

36. The stationary bike of claim 35, wherein:



the bike velocity comprises a virtual bike velocity that is different than a measured

bike velocity determined from the angular velocity of the pedals.

37. The stationary bike of claim 32, wherein:

the controller utilizes at least a portion of an equation of motion for a moving

bicycle to provide the variable resistance force.

38. The stationary bike of claim 37, wherein:

the equation of motion includes at least one of an aerodynamic drag factor, a slope

factor, and a momentum factor.

39. The stationary bike of claim 38, wherein:

the controller determines a virtual velocity based, at least in part, on the equation

of motion, and wherein:

the controller utilizes a difference between a measured velocity related to the

angular velocity of the pedals and the virtual velocity to determine the variable resistance

force.

40. The stationary bike of claim 39, wherein:

in use, a user generates a user input power to the stationary bike;

the controller utilizes an estimate of the user input power to determine an estimate

of the user input forces to determine the virtual velocity.

4 1. The stationary bike of claim 39, wherein:

the stationary bike includes a force sensor that measures applied forces of a user;

and wherein:

the controller utilizes force data from the force sensor to determine the virtual

velocity.

42. The stationary bike of claim 32, wherein:

the stationary bike includes an alternator operably connected to the pedal structure

to provide variable resistance forces in response to control information from the controller.

43. The stationary bike of claim 32, wherein:



the stationary bike includes a mechanical brake operably connected to the pedal

structure to provide variable resistance forces in response to control information from the

controller.

44. The stationary bike of claim 32, wherein:

the controller includes a road bike model that takes into account mathematically

the factors that would affect a user of the stationary bike if the user were riding a movable

bicycle and providing the user input forces to the movable bicycle.

45. The stationary bike of claim 44, wherein:

the road bike model includes an aerodynamic drag factor and a momentum factor.

46. The stationary bike of claim 45, wherein:

the road bike model includes a slope factor.

47. The stationary bike of claim 46, wherein:

the road bike model includes a friction factor.

48. The stationary bike of claim 46, wherein:

the road bike model utilizes a measured value relating to the operation conditions

of the stationary bike and sums the effects of the aerodynamic drag factor, the momentum

factor, and the slope factor to determine a virtual velocity, and wherein:

the controller utilizes a velocity difference between the virtual velocity and a

measured velocity corresponding to the angular velocity of the pedal structure as an input

to determine the variable resistance force.

49. The stationary bike of claim 48, wherein:

the variable resistance force increases linearly as the velocity difference increases.

50. The stationary bike of claim 32, wherein:

the controller includes an electronic memory that stores information concerning the

road bike model.

51. The stationary bike of claim 32, wherein:



the pedal structure is rotatably mounted to the support structure, and the pedals

move in a circular path.

52. The stationary bike of claim 32, wherein:

the controller includes input features that permit the controller to account for the

physical characteristics of an individual user in providing the variable resistance force.

53. The stationary bike of claim 52, wherein:

the controller utilizes a rider weight input to determine a slope factor that simulates

riding a bicycle on a hill, such that the variable resistance force is different upon entry of

different rider weight inputs.

54. The stationary bike of claim 52, wherein:

the controller utilizes an input to calculate an aerodynamic drag factor that affects

the variable resistance force as a user's speed changes.

55. The stationary bike of claim 32, wherein:

the pedals move in a cyclical manner and move 360° per cycle;

the variable resistance force includes a component that varies periodically during

each pedal cycle.

56. The stationary bike of claim 55, wherein:

the variable resistance force includes a component that simulates the effects of

momentum that effect the resistance force experienced by a rider of a movable bike.

57. The stationary bike of claim 55, wherein:

the variable resistance force includes a component that simulates the effects of

aerodynamic drag.

58. The stationary bike of claim 55, wherein:

the variable resistance force includes a component that simulates the effects of a

slope.

59. The stationary bike of claim 32, including:



an encoder providing information concerning the position of the pedals to the

controller.

60. The stationary bike of claim 32, wherein:

the controller includes a gear rollout to determine a velocity from the angular

velocity of the pedals.

61. The stationary bike of claim 60, wherein:

the controller changes the gear rollout based on a user input.

62. The stationary bike of claim 615wherein:

the stationary bike includes a gear selector input feature that a user can utilize to

change the gear rollout.

63. An exercise device, comprising:

a support structure;

a user interaction member movably connected to the support structure for

movement relative to the support structure in response to application of a force to the user

interaction member by a user;

an alternator of the type having a plurality of stator rails and a rotor that is movable

to cause an electric current in the stator coils, wherein the alternator is operably connected

to the user interaction member, and wherein the alternator provides a variable force

tending to resist movement of the user interaction member relative to the support structure,

and wherein the variable force varies according to variations of a field current applied to

the rotor, and wherein the variable force is substantially free of undulations related to

voltage ripple.

64. The exercise device of claim 63, wherein:

the alternator includes at least three stator coils, and wherein each stator coil is

electrically connected to the other stator coils across a resistor.

65. The exercise device of claim 64, including:

a switch connected in series with each resistor.



66. The exercise device of claim 65, including:

a battery; and wherein:

each stator coil is electrically connected to the battery, and the switches are

selectively controlled to electrically charge the battery.

67. The exercise device of claim 66, wherein:

the switches are opened for sufficiently short periods of time so as to prevent a

significant change in current flow through the stator coils.

68. The exercise device of claim 66, wherein:

the switches are opened and closed in a manner that does not produce a torque

variation that can be readily perceived by a user of the exercise device.

69. The exercise device of claim 63, including:

an alternator control circuit connected to the alternator, wherein the circuit is

configured to provide a load power factor of one.

70. The exercise device of claim 63, including:

an alternator control circuit connected to the alternator, wherein the circuit is

configured to provide a load power factor that is greater than the inverse of the square root

of three.

71. The exercise device of claim 70, wherein:

the circuit is configured to provide a load power factor that is substantially greater

than the inverse of the square root of three.

72. The exercise device of claim 63, including:

an alternator control that utilizes changes in the field current to change the variable

force, and wherein the variable force changes substantially within about one millisecond

or less of a change in the field current.

73. An exercise device for simulating a physical activity, comprising:

a structural support;



a user input member movably connected to the structural support for movement

relative to the structural support upon application of a force to the input member by a user,

and wherein the user input member defines a variable resistance force tending to resist

movement due to force applied by a user;

a control system that utilizes a velocity difference between a measured velocity

and a virtual velocity as a control input to control the resistance force on the user input

member, wherein the virtual velocity is determined by at least partially modeling, the

physical activity being simulated.

74. The exercise device of claim 73, wherein:

the control system includes a sensor that measures a variable associated with

movement and the user input member from which a velocity of the user input member can

be determined.

75. The exercise device of claim 74, wherein:

the control system includes a force-generating device that supplies the variable

resistance force.

76. The exercise device of claim 75, wherein:

the force-generating device comprises an alternator.

77. The exercise device of claim 76, wherein:

the alternator is controlled in such a way that the alternator is substantially free of

torque ripple.

78. The exercise device of claim 75, wherein:

the control system includes a controller connected to the sensor and the force-

generating device and sending a signal to the force-generating device based, at least in

part, on a signal from the sensor.

79. The exercise device of claim 78, wherein:

the controller determines an estimated user power, and utilizes the estimated user

power to determine the measured velocity.

80. The exercise device of claim 78, wherein:



the controller updates the virtual velocity in a manner that takes into account the

effects of momentum.

81. The exercise device of claim 80, wherein:

the controller utilizes a linear relationship between acceleration and force to

determine the effects of momentum.

82. The exercise device of claim 80, wherein:

the controller updates the virtual velocity by summing the effects of aerodynamic

drag and momentum.

83. The exercise device of claim 82, wherein:

the controller updates the virtual velocity by taking into account a slope of a virtual

hill.

84. The exercise device of claim 83, wherein:

the controller updates the virtual velocity by taking into account the effects of

friction losses.

85. The exercise device of claim 83, wherein:

the exercise device comprises a stationary bike, and the user input member

comprises a crank having a pair of pedals that move in a generally circular path about an

axis.

86. The exercise device of claim 85, wherein:

the controller includes a mathematical model of bike that takes into account the

physics associated with riding a moving bike, and wherein the mathematical mode is

utilized to calculate the virtual velocity.

87. The exercise device of claim 86, wherein:

the mathematical model includes a plurality of gear ratios, and wherein the

controller includes a user input feature that enables a user to select and change gears.

88. The exercise device of claim 86, wherein:



the controller includes a user input feature that permits a user to select a weight

used in the mathematical model.

89. The exercise device of claim 73, wherein:

the control system utilizes a measured force to determine the virtual velocity.

90. The exercise device of claim 73, wherein:

the control system is configured to vary the resistance force in a manner that tends

to minimize the velocity difference.

91. The exercise device of claim 73, wherein:

the control system is configured to vary the resistance force in a manner that drives

the velocity difference to a predetermined value, and wherein the rider force determined

by the summing is utilized to determine a virtual acceleration by dividing the rider force

by a rider mass.

92. A stationary exercise bike, comprising:

a support structure;

a crank including a pair of pedals rotatably mounted to the support structure;

a force-generating device operably connected to the crank and providing a variable

resistance force tending to resist a force applied to the pedals by a user;

a sensor configured to measure a variable associated with the crank during

operation from which an actual velocity can be determined;

an electrical control unit connected to the sensor and the alternator, therein the

electrical control unit includes an internal bike model that is utilized to determine a virtual

velocity of the internal bike model, and wherein the internal bike model utilizes the

measured variable as an input to the internal bike model, and wherein the internal bike

model determines an updated virtual velocity from a prior virtual velocity stored in the

electrical control unit by determining a rider force by summing at least the effects of the

measured variable, an aerodynamic loss determined utilizing the prior virtual velocity, and

an effect due to a hill angle determined according to a weight and a slope of a virtual hill,

and wherein the virtual acceleration is integrated to provide the virtual velocity, and

wherein:



the controller utilizes a velocity difference between the actual velocity and the

virtual velocity and the virtual velocity as a control input, and increases the variable

resistance force of the force-generating device in a manner that tends to reduce the

velocity difference.

93. The stationary bike of claim 92, wherein:

the sensor comprises a force sensor, and the measured variable comprises a rider

force.

94. The stationary bike of claim 93, wherein:

the rider force is modified prior to input to the internal bike model by dividing the

rider force by a gear rollout.

95. The stationary bike of claim 94, wherein:

the stationary bike includes a gear selection feature enabling a user to select the

gear rollout.

96. The stationary bike of claim 92, wherein:

the measured variable is related to a power input to the stationary bike by a user;

and wherein:

the controller determines the power input by a user and determines an estimated

rider force by dividing the power input by a user by a prior virtual velocity, and wherein

the estimated rider force is utilized as the measured variable that is input to the internal

bike model.

97. The stationary bike of claim 92, wherein:

the force-generating device comprises an alternator.

98. The stationary bike of claim 97, wherein:

the alternator is connected to the crank by an elongated flexible member having the

form of a loop.
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