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(57) Abstract

In a exercising apparatus for supporting a
bicycle, a pivotally mounted support member
(65, 66) connects the rear axle (12) of the bike to
constrain movement of the axle about the pivot
point (70) of the support member. A support
roller (108) cooperates with the support member
to support the rear wheel. A flywheel (116) and
variable load means (112) are connected to the
roller to simulate the inertia and variable load
experienced during the riding of a bicycle. When

front fork support (42) bends arid the rear tire of
the bicycle pivots toward the roller to maintain
frictional contact between the tire and roller.
Frictional losses are determined and the variable
load means compensates for the losses, and

variable load means. The heart rate is monitored
and the load is controlled to maintain the heart
rate within predetermined limits.
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BICYCLE RACING TRAINING APPARATUS
Background of the Invention
This invention generally relates to a bicycle-type
stationary exercise apparatus used with load control
devices, display devices, and heart monitoring devices.
The invention is particularly directed to an apparatus for
use with a multi-speed bicycle, and is especially suited to

train for bicycle races.
Field of the Invention

A number of present-day gymnasiums and exercise clubs
have stationary bicycle-type apparatus, whereby a person
can pedal a simulated bicycle as a form of exercise.
Typically, the bicycle pedals are connected to a frictional
device or other load in a way such that the amount of
resistance can be adjusted by the person riding the
bicycle. Typical examples of this type of stationary
bicycle are shown in U.S. Patent Nos. 4,358,105 (the
wLifecycle’’) and 4,613,129.

Oother exercise devices are adapted so that a
conventional bicycle can be mounted to an apparatus which
supports the bicycle so that the rear wheel of the bicycle
can rotate against a frictional load. These types of
devices fall into several general categories, the first of
which connects both the front axle and the bottom bracket
of the bicycle to a frame in order to support the bicycle;
The rear wheel drives against a roller which, in turnm, is
connected to a loading mechanism. One example of such a
device is shown in U.S. Patent No. 4,441,705 to Brown, in
which the rear wheel drives a flywheel and a variable
resistance load.

A second type of apparatus used with a conventional
bicycle supports the rear wheel, either on a pair of
rollers or by a fixed support at the rear axle. For
example, U.S. Patent No. 4,596,386 to Sackl attaches to
the rear axle to support the axle at a fixed distance from
a pair of rollers. U.S. Patent No. 3,903,613 to Bisberg
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supports the front wheel of the bicycle, while the rear
wheel rests on a pair of rollers.

Each of the above types of devices has numerous
drawbacks for use as an exercise device, and as use for a
training device for bicycle racing. The stationary,
simulated bicycles, like the "Lifecycle", do not provide a
realistic pedal resistance simulating that obtained from
riding a real bicycle; they do not adequately simulate
inertia, wind resistance, terrain variations, and rolling
resistance. Further, this type of stationary bicycle does
not realistically simulate the body position or the feel of
riding a bicycle, which is not surprising because a
standard bicycle frame is not even used.

The devices using a bottom bracket support allow the
use of a real bicycle frame, but fail to provide a
realistic resistance and ride simulation. This type of
equipment usually has one roller contactihg the rear wheel.

The devices using a roller or rollers to support the
rear wheel have stability and slippage problems. If the
roller is behind the rear axle, the roller must be long
since the wheel wobbles and moves sideways as it attempts
to constantly "fall off" the roller. If the roller is in
front of the axle, the wheel stays centered, but does not
maintain adequate contact during periods of maximum torque
on the rear wheel. In both cases, if a realistic
resistance is applied, the rear tire slips on the roller.

For example, during some performance periods, the

bicycle rider is not on the saddle, but is leaning over the

handlebars and essentially standing on the pedals. * As the
weight of the rider shifts forward, the force on the rear
wheel decreases and the weight on the front wheel
increases, causing slipping of the rear wheel. Further, in
this position with a bike on a bottom bracket support, the
bicycle pivots about the bottom bracket, effectively
removing the rear wheel from contact with the supporting
roller or rollers. Thus, just when the maximum resistance
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is needed to prevent slipping at the rear wheel, the rear
wheel is at a minimum friction contact with the resistance
rollers and slips.

The rear wheel can be preloaded against the support
roller(s), but the preload device duly constrains the rear
wheel so as to ruin the realism of the ride, and also
destroys the realism of the simulated resistance when the
rider is sitting in the saddle or bicycle seat, pedalling
at a slower speed. Further, the bottom bracket holds the
frame too rigid, destroying the realism of the ride as in
real life, the frame flexes on the wheels.

The devices which use a pair of support rollers on the
rear wheel not only tend to be bulky, but require
complicated resistance mechanisms on both rollers in an
attempt to achieve an appropriate resistance to the rear
wheel rotation. Further, they do not simulate the feel of
a real ride and may require a different balance and
training to be able to remain upright while riding if the
front wheel is also supported on a roller, as in the patent
to Cassini, et al., No. 4,580,983. For example, if the
front fork is fixed or supported, with two rollers on the
rear wheel, the rear wheel wobbles and moves while the
front is stable. In real life, the rear wheel is stable
while the front wheel wobbles or moves. The use of two
rollers still does not prevent slipping when the rider
comes out of the saddle and leans over the handlebars to
exert the maximum force on the pedals. The shift in the
rider’s weight still causes slippage between the rear wheel
and the rollers.

There is thus a need for a device which provides a
realistic ride on a bicycle and a realistic resistance,

especially so that slippage does not occur when the rider

is standing on the pedals to obtain maximum power.
Further, thers is a need to make such a device portable,
especially one which can be used with an individual’s own
bicycle to provide the maximum realism for training
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Another aspect of this invention is the realistic
simulation of the ride and load resistance experienced when
riding a bicycle. The load variables can include wind
resistance, whether the rider is going uphill or downhill,

- the inertia of the rider and bicycle, the friction inherent

in the bicycle itself, and the frictional resistance
between the bicycle tires and the riding surface.

Previous attempts to accurately replicate these
various load effects have all had their drawbacks. For
example, the effect of wind resistance has been simulated
by rotating fan blades which are mechanically coupled to
the rotational speed of the bicycle wheel. While the
rotating fan blades can provide a force that increases as
the square of the rotational speed of the fan blades, these
fans are noisy, inaccurate, not readily adjustable, and
cannot be adjusted to account for a variation in wind
resistance that will occur with riders of different size
and weight. ;

Similarly, prior devices have attempted to simulate
the amount of load to be applied by either a mechanical or
electronic brake systemn. A typical mechanical brake
involves a friction belt that wraps around a moving surface
to cause a frictional drag on that rotating surface
depending upon the tension in the belt. These mechanical
systems, however, cannot be accurately calibrated, have a
slow response time, and are subject to load variations over
time as the elements of the mechanical system go out of
adjustment and alignment. The mechanical systems thus have
poor repeatability, high variations in drag, and are
difficult or impossible to accurately calibrate to a given
loag.

The electronic braking systems have advantages over
the mechanical systems, but the accuracy of the simulated
ride depends upon several factors, including how accurately
the system can be calibrated, and the realism of the
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program with which the electronic brake is varied. An
example of variations in the simulation accuracy would be
the wind resistance. A fan blade may simulate a load that
varies with the speed of the bicycle wheel, but it cannot
simulate the load resistance that varies with the size and
the weight of the rider, or the wind load variation that
occurs from riding at the front of a pack, or in the middle
of a pack of other bicycle riders. Thus, there is a need
for a more realistic simulation of load variability, and
especially the wind load variability.

Both electronic and mechanical braking systems are
effective only if they are accurately calibrated, and 1if
that calibration is maintained throughout the load
simulation. Electronic systems have previously been
calibrated by several methods, including the use of strain
gauges, which are accurate, but very expensive and
cumbersome to implement. Some electronic and mechanical
systems will attempt to measure the system power output by
the use of a device such as a generator, and then assume a
constant system efficiency and friction in order to
calibrate the systemn. This calibration system cannot
accurately predict the frictional losses in the system or
any variations in the friction or loads exerted on the
bicycle and rider. This type of calibration system also
has no absolute reference and is therefore difficult to use
in predlctlng performance under variable conditions.

one final method of calibration is to select an
absolute reference and measure system variations against
that reference. This type of approach requires that the
initial reference be accurately determined, that the
reference not vary in real life under different load
conditions, and that the reference can be used to
accurately monitor and calibrate the various aspects of the
system performance. One example of this type of system is
an electronic brake which assumes that a specific voltage
change will result in a known load variation. Several
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defects with this specific example are that the voltage and
load relationship are difficult to predict and maintain
over various temperatures and times, and that there is not
a consistently accurate correlation between the voltage
applied, and the load that the rider would realistically
expect to experience in riding a real bicycle.

There is thus the need for a realistic way to
calibrate the exercise system. There is a need for a
realistic way to vary the loads in that exercise system so
as to more accurately simulate the real 1life 1loads
experience by a bicycle rider.

Yet another aspect of this invention is the ability to
simulate realistic load conditions. United States Patent
No. 4,441,705 uses fans attached to a bicycle wheel to
simulate wind load, while Patent No. 4;542,897 to Melton
shows a simulated competitor traveling at a predetermined

speed. However, nothing in the prior art discloses varying

the wind force according to the position of a racer with
respect to one or more simulated riders. There is thus a
need for a device which can simulate the race effect of
varying the wind resistance depending on the position of
the person exercising on the apparatus, with respect to a
simulated rider. |

Yet another aspect of this invention deals ﬁith the
user’s heart rate while exercising, which increases as the
exercise progresses. To get the maximum benefit from the
exercise, the heart rate should be within certain 1limits
for a period of time. If the heart rate is too great,
however, it is not productive, and may be damaging to the
rider.

Prior devices, such as United States Patent No.
3,767,195 to Delick, provide visual indicators to indicate
an upper limit for the heart rate by £flashing a visual
indicator when the upper limit was reached. The rider
determined how much, if at all, to decrease the exercise
level in order to lower the heart rate.

t3
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There is thus a need for a device which monitors the
user’s heart rate and adjusts the applied load in order to
maintain that heart rate, or to prevent exceeding maximum
heart rate limits. Desirably, the device should provide
optimum heart rates if the user does not know such
information.

Summary of the Invention
An apparatus is provided which supports a rear wheel

and tire of a bicycle so that a forward shift in the
rider’s weight causes the rear tire of the bicycle to
maintain frictional contact with a roller in order to
prevent slippage. The roller is rotatably mounted about a
first axis substantially parallel to a rear axle of a
bicycle connected to the apparatus. The rear tire is
constrained to move in a predetermined manner toward the
roller. Preferably, the rear axle of the bicycle is
supported on opposite ends of the axle shaft by axle clamps
which are adjustably positioned on a rear axle support
member. The support members constrains the rear axle to
move .1ohg a predefined path which extends generally toward
the * sller. An arcuate path is preferred.

Preferably, the rear axle support means comprises a
pair of members, each pivoted at one end about a pivot axis
substantially parallel to the rotational axis of the rear
wheel and tire. This pivot axis is preferably on the
horizontally opposite side of the rear axle of the bicycle,
as is the roller’s rotational axis. The rear axle clamps
can be adjustably positioned to accommodate different sizes
of bicycles. )

A variable load means, such as a motor, and preferably
an alternator, and an inertial means, such as a flywheel,
are connected to the roller and are preferably cn a common
shaft. The variable load and inertial loads exerted on the
roller are transferred, via frictional contact with the
rear tire, to the bicycle and its rider to simulate the
momentum and load experienced during the actual riding of a
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bicycle. Such loads would include wind resistance, terrain
variations, rolling resistance, and the inertia of the bike
and rider.

While the roller and support member can be used alone
to support the bicycle, it is preferred that the front fork
of the bicycle is mounted to a front fork support tube by
use of a fork mounting bracket. Préferably the front fork
support tube is such that it provides a realistic
flexibility to simulate a realistic ride. The fork
mounting bracket is positionally adjustable to accommodate
different sizes of bicycles. The mounting bracket can flex
to simulate real life flexing of the fork and front wheel.
By repositioning the mounting bracket relative to the front
fork, the elevation of the attached bicycle frame can be
changed to tilt slightly upward from a level orientation.

Preferably, the front fork support tube is connected
to the same structure that supports the roller and rear
axleVSupport mount. Thus, a shift in the weight of the
rider off of a bicycle seat toward the front fork will
cause the front fork support tube to bend and cause the
rear axle support mount to rotate the rear bicycle tire
toward the roller so as to prevent slippage between the
roller and rear tire.

The front fork support tube also supports a display
which is in electronic communication with the roller and
alternator so that data, such as the bicycle speed, can be
displayed for viewing by the rider.

There is thus advantageously provided a means for
supporting a bicycle so as to simulate a realistic ride on
that bicycle while prevénting slippage of the rear wheel of
the bicycle during periods of maximum force on the pedals.
The realistic ride includes the feel of the load on the
rear tire, as well as the flexibility of the bicycle.

The exercise apparatus can be collapsed into a
smaller, portable configuration for portability and for
storage. The front fork support tube contains hinges which

™
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allow the tube to be folded into an adjacent relationship
with the remainder of the apparatus. A releasable hinge
adjacent the display unit, and a second releasable hinge
jocated above the fork tube mount bracket, allows the
display unit to be folded against the front fork support
tube. The hinge at the bottom of the front fork support
tube allows that tube, along with the display unit and its
support members, to be folded into a position adjacent the
roller. The pivot axes, about which the rear axle support
members pivot, are positioned so that the rear axle support
members can be folded into a position adjacent the roller.
Wheels are provided on the end of the frame, adjacent the
heavy flywheel and alternator, to allow easy movement of
the portable package. There is thus provided a hinging
means by which the apparatus can be folded into an adjacent
relationship to present a smaller configuration which is
much more portable than- the operational configuration of
the apparatus.

The apparatus is preferably calibrated to accurately
produce the intended loads. One way to do this is to
determine and compensate for the frictional losses in the
apparatus when a bicycle is mounted on the apparatus. The
steps for such a calibration sequence comprise: rotating a
wheel in an exercising device until the wheel attains at
least a first predetermined rotational velocity; allowing
the wheel to coast down to a second predetermined
rotational velocity during which coasting period the
loading device is not exerting loads on the wheel other
than inherent frictional loads; sensing and recording the
time and rotational velocity at periodic intervals as the
wheel coasts down from the first velocity to the second
velocity; determining the rotational mass moment of inertia
of any components of the exercise device that rotate
because the wheel rotates; performing a linear regression
analysis on the recorded velocities and times to determine
the deceleration of the wheel and rotating components as a
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function of velocity; and deriving the frictional load from
rotation of the wheel and the rotating components of the
exercise device from the formula Frictional torque equals
the Mass Inertia times the Angular deceleration. An
additional step would comprise computing the power required
to overcome the frictional load from the formula: Power
equals Mass moment times angular velocity.

The inefficiency of the 1loading device (which is
preferably an alternator) is compensated for by the steps
comprising: determining the efficiency of the 1loading
device; determining the power output of the loading device
by comparing the efficiency of the loading device with a
second loading device for which the power output is known;
and adjusting the loading device to account for the
frictional losses and the efficiency of the loading device.
Preferably, the efficiency is determined by performing a
linear regression analysis to determine the power
dissipated by the loading device at a predetermined speed,
and by perfoérming a linear regression analysis to determine
the power which the loading device applies to the wheel.

When the loading device comprises an electrical device

which exerts a load on the wheel where the load can be.

varied by varying the voltage applied to the loading
device, the power dissipated is determined by the steps
comprising: rotating the wheel until the wheel attains at
least a third predetermined rotational velocity; allowing
the wheel to decelerate to a fourth predetermined
rotational velocity: applying a constant decelerating
force from the electrical device in order to further
decelerate the wheel as it decelerates from the third to
the fourth velocities; sensing and recording the
rotational velocity of the wheel and the voltage output by
the electrical device at perilodic intervals of time as the

‘Wwheel decelerates from the third velocity to the forth

ve;ocity: performing a linear regression analysis on the
recorded wheel velocity and the square of the voltage from

®)
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the coast down between the third and fourth velocities to
determine the deceleration of the wheel and rotating
components as a function of velocity; and wherein the
power output by the loading device is further determined by
the step comprising: performing a linear regression
analysis on the velocity and on the deceleration times the
velocity from the coast down between the third and fourth
velocities in order to obtain linear regression constants
for use in determining the power applied.

When the calibration steps are implemented by the
above described exercise apparatus, the above apparatus
further comprises variable load-applying means
communicating with the roller for applying variable loads
to the roller to simulate variations in the load
encountered during actual riding of a bicycle; and
calibration means for determining the friction retarding
the wheel from rotating so the variable load-applying means
can compensate for the friction. Preferably the
calibrating means further comprises means for determining
the efficiency of the variable load-applying means so the
load-applying means can compensate for the inefficiencies
of the load-applying means.

By accounting for the friction in the apparatus, and
the inefficiencies of the loading devices, a more accurate
load can be applied resulting in a more realistic ride

'simulation.

Another feature of this invention is a device and
method to control the heart rate of a person exercising on
the exercise apparatus. The heart rate controlling device
takes the form of a decreased heart rate means operating
when a person’s heart rate is below a predetermined lower
1imit in order to increase the heart rate. The decreased
heart rate means determines whether the loads exerted by
the variable load means just increased and if so whether
the heart rate has been at an increased rate for a
predetermined period of time, with the decreased heart rate
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means causing the variable load means to increase the load
if the load is below a predetermined maximum value.

An increased heart rate shutdown means operates when a
person’s heart rate is more than a predetermined amount
above the upper 1limit, to substantially decrease the
load exerted by the variable load means. ‘There is also an
increased heart rate means that operates when the person’s
heart rate is above a predetermined 1limit in order to
decrease the heart rate. The increased heart rate means
determines whether the load exerted by the variable load
means just increased, and if the load has been at an
increased level for a predetermined time, the increased
heart rate means causes the variable load means to increase
the load. The increased heart rate means decreases the
load exerted by the variable load means if the load has not
just decreased and if the load is not below a predetermined
value.

A means for monitoring the heart rate of the person
exercising, and communicating that heart rate to the
increased and decreaséd heart rate means, and to the
increased heart rate shutdown means is also provided. A
display screen communicates information on the loads and
heart rate to the person exercising. If the person
exercising does not know the appropriate limits to limit
the load means, then the person inputs his or her age and
sex, and the limits are determined by a computer.

The steps of the method by which the heart rate of the
person exercising is controlled comprise: exercising by
use of an exercise device so as to increase the heart rate
of the person; varying the load which the exercise device
exerts on the person to vary the heart rate of the person;
sensing the heart rate of the person during the exercise;
increasing the 1locad by a predetefmined amount when the
person’s heart rate is below a first predetermined value,
with the increasing step comprising the further stéps of:
determining whether the variable 1load applied by the
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exercise device on the person has Jjust increased,
determining whether the variable load has been unchanged
for a first predetermined period of time, determining
whether the load is below a first predetermined load value,
and increasing the variable load by a predetermined amount
when the 1load has not been changed during the first
predetermined period of time and when the load is below the
first predetermined load value. Additional steps comprise:
decreasing the 1load by a predetermined amount when the
person’s heart rate is above a second predetermined value,
the decreasing step comprising the steps of: determining
whether the heart rate is above a third predetermined heart
rate value, substantially decreasing the variable 1load
while the heart rate is above the third predetermined load
value, determining whether the variable load has Jjust
decreased, determining whether the variable load has been
unchanged for a second predetermined period of time,
determining whether the variable load has reached a second
predetermined locad value, and decreasing the variable load
when the load has not been decreased for the second
predetermined period of time and when the variable load has
not yet reached the second predetermined load value.

An additional step on this method would be visually
displaying messages to the person exercising, regarding
either the load exerted by the person in response to thé
variable load, or to the person’s heart rate. The imputing
of data on the rider’s age and sex, and the calculation of
appropriate values or limits on heart rate would be yet
ariother step of this method. Combining the heart
controlling method and apparatus with the various
variations on the bicycle support provides a realistic ride
simulation. As described below, calibrating the friction
in the exercise device, and in the load applying device
further enhance the accuracy of the control on the load -
affecting the heart rate. Also as described below,
combining the various race simulations provides an
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advantageous way to train for races without over stressing
the physical abilities of the rider. There is thus
advantageously provided a means to adjust the 1load to
maintain the user’s heart rate within predefined limits, so
as to provide a maximum of exercise and training, while
automatically monitoring the user’s heart rate to prevent
over taxing the user.

There is also provided a method and apparatus for
realistically simulating the loads experienced during a

bicycle race. The race simulation apparatus comprises a

stationary bicycle having a rear wheel that can be pedaled:;
means for selecting the performance ability of a group of
simulated racers and simulating the race performance of the
selected group of riders; input means connected to the rear
bicycle wheel for determining the performance of a person
pedaling the bicycle relative to the performance of the
simulated racers; display means for displaying the position
of the racer with respect to the simulated racers; and
variable load means for exerting a variable load on the
rear wheel to simulate the loads experienced during racing;
and means for varying the load on the bicycle wheel
depending on the position of the racer with respect to the
group of racers. Preferably the above devices comprise the
apparatus previously described above in greater detail.

Preferably the apparatus causes the variable load
means to exert an increased load on the wheel to simulate
a variable wind load when the racer leaves the group of
simulated racers.. Further, the preferred apparatus further
comprises means for causing the speed of the group of
riders to vary randomly during a simulated race.

To simulate various races of selectable difficulty,
there is provided a selection means for selecting a
performance level of at least one simulated competitor:;
load calculation means for determining the load exerted by
the load-applying means, based on the selected performance
level; load sensing means for sensing the load exerted by a
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rider to overcome the load applied by the 1oad-applying'
means; means for displaying the performance of a rider
relative to the simulated competitors; and means for
varying the load exerted by the load-applying means
depending on the position of a rider relative to the
position of the simulated competitors. As a further
variation, the display means further comprises means
for displaying the elevation of the selected course, the
position of a rider on the preselected course, the position
of the rider relative to the simulated competitors, and the
total eiapsed time the instantaneous speed of the rider,
distance traveled, heart rate, and cadence.

Preferably the load applying means takes the form of
an electrical load-applying device communicating with a
roller for applying variable forces to the roller to
simulate the variations in load encountered during actual
riding of a bicycle when a rear wheel of a bicycle is
frictionally engaged with. the roller and has a rear axle
supported by the support member, the load-applying device
also detecting the power exerted by a rider to overcome the
applied load.

The various operations are préferably controlled by a
computer controlling the load applied by the load-applying
means, the computer having an input device by which a
person can select a desired level of competition and the
corresponding loads which are exerted by the load-applying
device, the computer being programmed to determine and
display on the visual display unit the performance of at
least one simulated rider of the selected competition
level, the computer being programmed to determine and
display the position of a rider relative to the position of
the simulated riders from the power exerted by the rider
and simulated riders, the computer varying the load exerted
by the load-applying device depending on the relative
position of the rider and simulated riders to simulate wind
load. The computer varies the performance of the simulated
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competitor randomly within the selected level of
competition.

The steps in the sequence implemented by the apparatus
comprise: applying loads to the rear wheel by an electrical
device in order to simulate various riding conditions and
situations; applying loads to the rear wheel by a flywheel
in order to simulate inertial 1loads; selecting a race
course and the level of difficulty for the competition in
the race; determining the loads to be applied to the rear
wheel based on the selected level of difficulty for the
selected race course; monitoring the performance of a rider
pedaling the bicycle with the loads exerted on the rear
wheel of the bicycle; displaying the position of the rider
relative to at least one simulated rider; and varying the
loads on the rider depending on the position of the rider
relative to the simulated riders.

Further variations in the sequence comprise randomly
varying the performance of the simulated riders during the
course of the race{' calibrating the electrical device to
determine the friction in the exercise device so the
electrical device can be adjusted to compensate for the
friction 1loads; determining the efficiency of the
electrical device; determining the power output of the
electrical device by comparing the efficiency of the
electrical device with a second electrical device for which

"the power output is known; and adjusting the electrical

device to account for the frictional 1losses and the
efficiency of the electrical device.

There is thus advantageoﬁsly provided an apparatus and
method not only for simulating the real "feel" of riding a
bicycle, but for realistically simulating the 1loads
experienced by riding that bicycle, even accounting for
friction and inefficiencies in the apparatus and bicycle.
The ability to simulate the environmental loads experienced
during races, and to simulate competitors of selectable
capability, provides not only a challenge, but a valuable
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training tool and method. The ability to account for wind
loads as a function of the rider’s position within a pack
provides further realism. The random variation of pack
performance during the simulated race allows a rider to
experience various strategies of jockeying for position.
There is thus provided not only a more realistic and
entertaining exercise device, but a device and method
highly suitable for training for competitive races.
Brief Description of the Drawings

The present invention can be more readily understood
when reference is made to the accompanying drawings in
which:

Fig. 1 is a perspective view of this invention with a
bicycle connected to it.

Fig. 2 is a perspective view of this invention with
the side covering removed.

Fig. 3 is an exploded perspective of the rear axle
clamp, its support, and the motor and flywheel.

Fig. 4 is a perspective view of a rear axle clamp.

Fig. 5 is an exploded perspective of a slidable hinge

' used on the front fork tube.

Fig.” 6 is a perspective view of the assembled hinge
shown in Fig. 5. ‘

Fig. 7 is a perspective view of the front fork
mounting structure and an adjacent hinge.

Fig. 8 is a perspective view of the invention with its
support members folded into adjacent relationship to form a
more compact, portable structure.

Fig. 9 is a perspective view of a segment of the
invention showing wheels on the structure.

Fig. 10 is a side view of the folded and collapsed
structure of Pig. 8.

Fig. 11 is a flow chart of a calibration sequence.

Fig. 12 is a plan view of the display unit as seen
from a person exercising on a bicycle placed on the support
apparatus shown in Fig.’s 1 - 10.
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Fig. 13 is a flow chart of a power calibration
sequence.

Fig. 14 is a plan view of a display window of the
display unit as shown in Fig. 12.

Fig. 15 is a flow chart of a race simulation mode
where wind load is taken into account;

Fig. 16 is a flow chart of a sequence to maintain a
rider’s heart rate within predetermined limits by varying
the load on the exercise apparatus.

Description of the Preferred Embodiment

Referring to Fig. 1, there is shown a portion of a
multi-speed bicycle having a frame 10 with a rear axle 12
on which is mounted a rear wheel 14 and a rear tire 16.
The frame 10 also contains a bottom bracket 18 to which a
crank set and pair of pedals 20 are rotatably mounted. A
seat 22, handlebars 24 and a rotatably mounted fork 26, are
also connected to the frame 10 in a manner known in the art
and not described in detail herein.

Referring to Figs. 1 and 2, a portion of the bicycle
is connected to a means for supporting the bike, such as
support frame 28. The support frame 28 comprises a bottom

member 30 which is approximately 27 inches long, and of a

square tubular metal, approximately 1.5 inches per side,
with a wall thickness of .109 inches.

At one end of the bottom member 30 are two rear legs
32 and 34 (Fig. 9) which extend in opposite directions
generally perpendicular to the longitudinal axis of bottom
member 30. Preferably, the legs 32 and 34 are opposite
ends of a continuous member. At the opposite end of bottom
member 30, there are connected two front legs 36 and 38
which extend in generally opposing directions from the
bottom member 30. The front legs 36 and 38 extend at an
angle of approximately 67 degrees from the longitudinal
axis of the bottomn member 30 so as to angle away from the
rear legs 32 and 34. The same angle, measured from the
perpendicular, is 23 degrees. The legs 32 and 34 are all

27
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of tubular metal construction having a generally
rectangular cross-section approximately .75 inch x 1.5
inches, with a wall thickness of about .120 inches. The
legs 36 and 38 are also tubular of construction having a
rectangular cross section of about 1 inch x 2 inches, and a
wall thickness of .120 inches.

The bottom member 30 and legs 32, 34, 36 and 38 lie
generally in a plane so as to provide a stable support for
the bike frame 10 and rider. Support feet 40 are located
at the outermost ends of the legs 32-38 and are intended to
rest against a floor.

A means for supporting and mounting the front fork 26
of a bicycle is provided which simulates the movement, and
flexibility of a front wheel of a bicycle. Thus, fork tube
42 is connected to the juncture of bottom member 30 and
front legs 36 and 38. The fork tube 42 extends out of the
plane of the legs 32-38 at an angle of approximately 53
degrees from that plane, and in a direction away from the
rear legs 32 and 34. The fork tube 42 also extends along a
plane passing through the longitudinal axis of the bottom
member 30 and oriented substantially perpendicular to the
plane formed by the legs 32-38. The fork tube 42 is of a
tubular metal construction, using 1.5-inch square tubing

.with a wall thickness of .109 inch.

Referring to Figs. 2 and 7, a fork mount 44 is
connected to the side of the fork tube 42 facing the rear
legs 32-34. Referring to Fig. 7, the fork mount 44

comprises a generally rectangular strip of metal 1.25
inches wide by 6.25 inches long and .135 inch thick. Two
elongated slots 46 and 48 are located along the
longitudinal axis of fork mount 44. Preferably, the slots
46 and 48 are approximately .34 inch wide by 1.85 inches
long, and begin about .33 inch from the ends of fork mount
44.

Removable fasteners 50 and 52 extend through the slots
46 and 48 into corresponding apertures (not shown) in the
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fork tube 42 in order to connect the fork mount 44 to the
fork tube 42. Preferably, the fasteners 50 and 52 take the
form of threaded bolts. By loosening the fasteners 50 and
52, the slots 46 and 48 allow the fork mount 44 to be slid
along the length of the slots 46 and 48, thereby permitting
repositioning of the fork mount 44 relative to the length
of the fork tube 42. The fasteners 50 and 52 can be
removed so the fork mount 44 can be rotated 180 degrees in
the plane in which it is mounted, and then re-secured. The
fasteners 50 and 52 allow the fork mount 44 to flex, and
help simulate a realistic movement of a bicycle attached to
the frame 28 via the fork mount 44.

A fork mounting tube 54 (see also Figs. 1 and 2) is
connected to the fork mount 44. The fork mounting tube 54
comprises a metal tube approximately 3.5 inches long, with
an outer diameter of about .75 inch, and an inner diameter
of about .38 inch. The interior ends of the fork mounting
tube 54 can be threaded. The fork mounting tube 54 is
located with its longitudinal axis perpendicular to the

~longitudinal axis of the fork mount 44 and the slots 46 and

48. The fork mounting tube 54 is not located at the center
of fork mount 44, but is offset approximately 1/4-inch so
that it is closer to the end of slot 48 than it is to the
end of slot 46.

The fork mount 44 provides an adjustable attachment
means for connecting the front fork of a bike to the fork
tube 42. The adjustable feature is used to accommodate

different sizes of bicycle frames and, as described later,

to alter the elevation of the bike frame 10 by
repositioning the fork mount 44 on the fork tube 42.
Referring to Figs. 2 and 3, connected to the rear leg
32 is an inner support plate 56 and an outer support plate
58. The supportf plates 56 and 58 are substantially
parallel plates located in planes substantially parallel to
a plane passing through the longitudinal axis of bottom
member 30, but substantially perpendicular to the plane in

&
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which the legs 32, 34, 36 and 38 are located. The inner
support plate 56 is closer to the bottom member 30 than is
outer plate 58. The support plates 56 and 58 can be made
out of .134 inch thick steel.

An inner support plate 60, which generally corresponds
to inner support plate 56, is connected in an analogous
manner and orientation to rear leg 34. Similarly, an outer
support plate 62, which corresponds to outer support plate
58, is connected in an analogous manner and orientation to
the rear leg 34.

When a rear wheel 14 and rear tire 16 (Fig. 1) are
connected to the apparatus, the rear tire 16 is constrained
to move in a predetermined manner. Preferably, a rear axle
support member constrains the rear axle 12 of a bicycle to
move along a predetermined path. While the support member
could be a U-shaped member, preferably, the support member
is a pair of axle tubes 64 and 66. The first axle tube 64
is rotatably mounted between the support plates 56 and 58,
and a second axle tube 66 is rotatably mounted between the
support plates 60 and 62. The first and second axle tubes
64 and 66 are constructed and connected in an analogous
manner, so only the first axle tube 64 will be described in
detail. _

Referring to Fig. 3, the first axle tube 64 is
preferably a stiff or rigid member, which does not flex to
any great extent, and can comprise a tubular metal bar
having a rectangular cross-section approximately .75 inch
thick and 1.5 inches wide, 12.5 inches long and about .12
inch thick. A rotatable mount 68 is connected at one end
of first axle tube 64 to one of the 1.5-inch wide sides of
axle tube 64. The rotatable mount 68 is shown as a
cylindrical tube with an outside diameter of about 1 inch
and an inside diameter of about .52 inch, and a length of
about 4.7 inches which corresponds to the spacing between
the support plates 56 and 58. The longitudinal axis of the
rotatable mount 68 is perpendicular to the longitudinal
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axis of the first axle tube 64.

The first axle tube 64 is mounted so that it can pivot
in a plane substantially perpendicular to the plane in
which the legs 32-38 are located, substantially parallel to
the plane of the bottom member 30. This pivot axis is
substantially parallel to the rotational axis of the rear
wheel 14 and tire 16 connected to the axle tubes 64 and 66.

Pivoting action is achieved by passing a bolt 70
through a hole 72 in the outer support plate 58, through
the inside of the rotatable mount 68, and through a
corresponding hole (not shown) in inner support plate 56.
A fastener 74, such as a threaded nut, is welded to the
side of inner support plate 56 so that a threaded end on
bolt 70 can be secured by the fastener 74 to preirent
inadvertent removal of the bolt 70. The longitudinal axis
of the bolt 70 is substantially parallel to the
longitudinal axes of rear legs 32 and 34. The bolt 70 thus
supports the first axle tube 64 and constrains the axle
tube 64 to pivot about the longitudinal axis of bolt 70.

As previously stated, a second axle tube 66 is
pivotally mounted and constrained to pivot about a bolt 70
in a similar manner as the first axle tube 64 with such
bolts coaxially aligned. The axle tubes 64 and 66 are
located adjacent the respective outer support plates 58 and
62. The inner sides of axle tubes 64 and 66 are about 11
inches apart. The first and ‘'second axle tubes 64 and 66
thus form movable support means which constrain the rear
wheel 14 and tire 16 to move along a predetermined path.

As shown in Figs. 2 and 3, at the end of axle tubes 64
and 66 opposite the pivotally constrained end are axle
clamps 76 and 106 which are connected to the axle tubes 64
and 66 by an axle clamp bracket 78. Referring to Fig. 4,
the axle clamp 76 comprises a metal cylinder with a conical
depression 77 in one end. A pair of opposing rectangular
slots 79 extend partway down opposing sides of the axle
clamp 76. In use, a conical-shaped nut or end of the
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bicycle’s rear axle 12 is seated in the conical cavity 77.
The slots 79 accommodate D-rings that are used on the quick
release skewers used with several bicycle models.

Referring to Fig. 3, the axle clamp bracket 78

cbmprises a repositionable support plate 80 comprised of a
strip of metal having an L-shaped cross-section .75 inch on
the short side, 1.5 inches on the long side, 6 inches long
and .120 inches thick. An elongated slot 82 runs along the
longitudinal axis of the plate 80 for a length of about 3
inches. ' .
A bolt 84 has a threaded portion which extends through
the slot 82 and through a hole (not shown) in axle tube 64.
A fastener such as a threaded nut 86 can be removably
connected with the threaded end of bolt 84 in order to
releasably clamp the plate 80 to the axle tube 64. The
plate 80 can be repositioned along the length of the axle
tube 64 by loosening the bolt 84 and sliding the plate 80
along the length of slot 82, and then reclamping the bolt
84 and nut 86.

At the end of the plate 80, adjacent the unconstrained
end of axle tube 64, is a clamp tube 88. The clamp tube 88
is a cylindrical tube having an outer diameter of about 7/8
inch, a threaded inside diameter of about 1/2 inch, and a
length of about 1.5 inches. The tube 88 has its
longitudinal axis substantially perpendicular to the
longitudinal axis of axle tube 64 and substantially
parallel to the longitudinal axis of bolt 70. A threaded
shaft 90 threadingly engages the interior threads of tube
88. The axle clamp 76 is fastened at one end of shaft 90,
with a knob 92 being fixed at the opposing end of shaft 90.
By rotating the knob 92, the shaft 90 can be rotated so as
to reposition the axle clamp 76.

A& locking knob 93 is located intermediate to the knob
92 and the tube 88. The locking knob 93 is a knob haQing a
threaded hole through the center, so the knob can be
screwed along the length of threaded shaft 90. When the
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axle clamp 76 is correctly positioned, the locking knob 93
is screwed against the end of tube 88 to provide a
frictional lock, preventing axial movement of shaft 90 and
axle clamp 76. ,

- A second axle'clamp 106 coaxially aligned with clamp
76 (Figs. 3 and 4) is connected to the unconstrained end of
the second axle tube 66 in the same manner as axle clamp 76
is connected to the first axle tube 64. Thus, the details

of the second axle clamp 106 and its supporting bracket

will not be repeated, other than to note that one axle
clamp is slightly longer, with a deeper slot 79, in order
to accommodate a variety of designs for axles 12 as used on
diverse bicycles.

Referring to Figs. 2 and 3, a rotatable means helps
support the rear wheel 14 of a bicycle connected to the
apparatus of this invention. A roller 108 is rotatably
supported between the inner support plates 56 and 60.
Preferably, the roller 108 is a cylindrical roller with a
width of about 2.6 inches and an outer diameter of 2.5
inches, made of aluminum. The rol—léf 108 is rotatably
mounted so that its longitudinal axis is substantially
parallel with the longitudinal axis of bolt 70 and the
pivot axis of first and second axle tubes 76 and 106, and
with the rotational axis of a rear wheel 14 connected to
the apparatus. k

Referring to Fig. 1, preferably the support frame 28
connects to, and supports, the bike frame 10 at three
locations. As shown best in Fig. 7, the fork 26 of bike
frame 10 can be removably connected to the fork mount.44 by
use of a quick-release skewer 110. The quick-release
skewer 110 is commonly used on bicycles having a readily
removabie front wheel, and thus is known in the art and
will not be described in detail. The ends of fork 26 fit
over the fork mounting tube 54. The quick-release skewer
110 is inserted through the fork 26 and the fork mounting
tube 54, and then locked to secure the fork 26 to the fork
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mount 44. Basically, the fork mount 44 is connected just
as if it were the front wheel of a bike.

Referring to Fig. 1, the rear axle 12 of the bike
frame 10 is supported by the first and second axle clamps
76 and 106. The conical apertures 77 (Fig. 4) in the axle
clamps 76 and 106 fit over the opposite ends of the rear
axle 12 so as to'support axle 12 and bike frame 10. The
rear axle 12 is constrained to move along an arcuate path
about the rotational axes of first and second axle tubes 64
and 66, with the path being generally toward roller 108.

The tire 16 rests against the roller 108. Preferably,
when viewed in a horizontal plane, the roller 108 is in
front of the rear axle 12. The rear axle 12 is shown as
being horizontally in front of the rotational axis about
which the axle-tubes 64 and 66 rotate. Thus, the axle 12
(about which rear wheel 14 rotates) is positioned, relative
to a horizontal plane, between the roller 108 and the
rotational axis about which axle tubes 64 and 66 rotate.
Alternately phrased, if ‘substantially parallel, Qertical
planes are passed through the rear axle 12, rotational axis
of roller 108, and the rotational axes of axle tubes 64 and
66, then the vertical plane containing the rear axle 12
lies between the planes containing the rotational axes of
roller 108 and axle tubes 64 and 66. Phases yet another
way, a substantially vertical plane through the rear axle
12, would result in the pivot axis of the rear axle tubes
64 and 66 and the roller 108, being located on opposite
sides of that vertical plane.

Tt is believed preferable that the angle of the rear
axle tubes 64 and 66, with respect to the vertical, be
between 5-30 degrees. From this position, the tubes 64 and
66 will rotate from 1-4 degrees further during operation,
depending on rider weight and strength, tire pressure, and
the specific bike frame 10. When the bike frame 10 is that
of a Schwinn Paramount having a 54 cm frame, and a 99 cm
wheelbase, with 700C wheels, the angle is about 26.5
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degrees, with the rear axle 12 being about 10.5 inches from
the pivot points of axle tubes 64 and 66, and with the rear

‘axle 12 being almost vertically above the rotational axis

of roller 108. These dimensions are at the extreme end of
dimensions for a short wheelbase racing bicycle.

If the axle 12 is positioned vertically above, or in
front of (i.e. toward the handlebars 24) the roller 108,
the invention will still function, but as the axle 12 is
moved in front of the roller 108, then the performance is
increasingly degraded, but it can function. If the rear
axle 12 is positioned vertically above, or behind the pivot
axis of bolts 70, the rear tire 16 will not be
constrained to move into contact with the roller 108 and
the apparatus will not satisfactorily function. The
objective is to cause the rear tire 16 to move into contact
with the roller 108 when the torgque on the tire 16
increases, as when the rider 1leaves the saddle 22 and
leans over the handlebars 26 to exert increased force on
the pedals 20.

Préferably, the rotational axis of roller 108 is about
4.6 inches (horizontally) from the rotational axis of axle
tubes 64 and 66, and about 5.1 inches (vertically) from

the rotational axis of axle tubes 64 and 66. The fork

mount 44, the axle clamps 76'énd 106 (Fig. 2), and the
roller 108 provide a three-point support for the bike frame
10 when the frame 10 is coupled to the support apparatus.
As a rider pedals the bike via pedals 20, the rear wheel 14
and tire 16 frictionally engage the roller 108, causing
roller 108 to rotate. '

It is believed possible, although not preferred, to
have only the axle clamps 76 and 106 support the bike frame
10, in which case the front fork tube 52 would be
eliminated, and the bottom member 30 shortened, so a
standard front wheel of a bicycle could be used to support
the front fork 26. It is also believed possible, but not
preferred, to support the front fork tube 42 separately

]
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from the remainder of the frame 28, and to adjust the
flexibility of the fork tube 42 to simulate the stiffness,
and to allow the movement, of a normal front wheel of a

- bicycle.

Referring to Figs. 2 and 3, a variable load device,
such as an electromagnetic apparatus like an alternator
112, powered by 110V AC, is connected to the roller 108.
The alternator 112 is connected to the inside support plate
56 and is located between support plates 56 and 58. An
alternator shaft 114 (Fig. 3) extends through a hole in the
inner support plate 56 (Fig. 2). One end of the alternator
shaft 114 (Fig. 3) is connected to the alternator 112, with
the opposing end being connected to the roller 108,
preferably by shrink-fitting the roller 108 onto the end of
the alternator shaft 114.

By applying a variable amount of electrical power to
the alternator 112, a variable and controllable amount of
resistance can be applied to the roller 108, and thus to
the tire 16 and the pedals 20 (Fig. 1). This variable load
resistance 'can be used to. simulate the resistance
experienced by pedalling on different grades, downhill,
flat or uphill. The load can simulate rolling resistance,
wind resistance, terrain variations, and if properly
programmed, can even simulate the inertia of the bicycle
and rider. Thus, the alternator 112 communicates with the
roller 108 to simulate a realistic bicycle ride.

Preferably, the inertia is simulated by inertia means,
such as a flywheel 116, which is rotatably mounted between
the support plates 60 and 62 (Fig. 2). The rotational axis
of flywheel 116 coincides with the rotational axis of
roller 108 and alternator 112. A specific flywheel could
be designed for a given weight of a bicycle and rider, and
a maximum speed. Space, safety and weight constraints must
also be considered, however. A flywheel 116 found suitable
for use is designed to rotate at a maximum speed of about
5000 r.p.m., for an equivalent bike speed of 40 miles per
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‘hour for a 27 inch bicycle wheel. Such a flywheel weighs

about 22 pounds, and when made of cast iron, can take the
form of a rimmed circular disc 2 inches wide and 8 inches
in diameter. The inertia of such a usable flywheel has
been calculated to be 0.05648 N*m*sec?.

The flywheel 116 communicates with roller 108 so
rotation of the roller 108 rotates the flywheel 116. As
shown, the flywheel 116 is mounted on a shaft 118 which
extends through a hole in the inner support plate 60 to
connect to the roller 108. Preferably, the roller 108 is
shrink-fit onto one end of the flywheel shaft 118. Thus,
the flywheel 116, roller 108 and alternator 112 are
essentially on a common rotational shaft. The inertia
means, such as flywheel 116, simulates the inertia of a
moving bicycle and rider.

Referring to Figs 1 and 2, the fork tube 42 is about
21.5 inches long, and contains a hinged joint 124 which is
best shown with reference to Figs. 5 and 6. At a point
approximately 7.5 inches above the plane of the legs 32-38
(Fig.rl), the fork tube 42 is cut at an angle such that
there is a first end 126 and second end 128 which can be
releasably placed in an abutting configuration. On the
inside of fork tube 42 adjacent the first end 126, there is
inserted a smaller, slidable tubular section 130 which is
configured to just £fit inside of the first end 126. On
opposing sides of slidable tubular section 130 are located
longitudinal slots 132. A fastener such as bolt 134
extends through opposing sides of fork tube 42 and through
the slots 132 so as to captivate the slidable tubular
section 130. Thus, the slidable tubular section 130 can be
moved along the longitudinal axis of the fork tube 42 until
the bolt 134 bottoms out against the ends of the slots 132.

A rotatable hinge 135 rotatably connects slidable

tubular sectien 130, with a correspondingly sized tubular
section 136. The tubular section 136 fits inside of, and

is securely fastened to, the second end 128 of fork tube
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42.
In operation, the tubular sections 130 and 136 £fit on

the inside of fork tube 42 and provide a structurally
strong joint when the ends 126 and 128 are abutting. The
sections 130 and 136 allow the first and second ends 126
and 128 to be separated by a force exerted along the
longitudinal axis of fork tube 42. When the first and
second ends 126 and 128 are separated, the hinge 135 allows
the portion of the fork tube 42 containing the end 128 to
be folded so as to collapse the support frame 28 into a
more compact configuration (Figs. 8,10).

In order to ensure the integrity of the hinged joint
124 in the uncollapsed position, and to prevent inadvertent
separation of the hinged joint 124, releasable fasteners
138 (Fig. 5) extend through the side walls of fork tube 42
and releasably fasten the slidable tubular section 130 into
secure position. The fasteners 138 each comprise a
threaded portion 140 extending from a knob 142. Each
threaded portion 140 extends through an associated threaded
aperture 144 in fork tube 42 so that the end of the
threaded portion comes into contact with and binds against
the slidable tubular section 130 so as to prevent movement
of such sections within tube 42. The apertures 144
preferably are located in the corner of the fork tube 42.

The hinged joint 124, and the rotation of the axle
tubes 64 and 66 (Figs. 8,10), thus provide collapsible
joints by which a stable operational structure can be
formed, but which can be collapsed or reconfigured to a
configuration more suitable for storage or portability.

Referring to Fig. 1, a side cover 120 has one end
connected to the support plates 56 (Fig. 2) and 58 with the

 opposing end connected to the front 1leg 36. A

corresponding side plate 122 is connected between support
plates 60 and 62 (Fig. 2), and front leg 38. The side
covers 120 and 122 cover the flywheel 116 and alternator
112 (Fig. 2), and provide some stiffness and stability to
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the support frame 28 as well. Because the support plates
56-62 ('Fig. 2) are higher than the front legs 36 and 38,
the side covers 120 and 122 slant downward at an angle.
The side covers 120 and 122 must be sufficiently low so
t+hat a rider’s heel will not hit the side plates when
pedalling. In a similar manner, the axle tubes 64 and 66
must not be so long that they will be hit by the heel of a
rider when pedalling.

The side plates 120 and 122 are removable (see Fig. 2)
and comprrise generally C-shaped structures preferably made
out of sheet metal having a thickness of about .060 inches.
The sides of the side plates 120 fit over the sides of the
sui:port plates 56 and 58 (Fig. 2), and the sides -of the
side plate 122 fit over the sides of the support plates 60
and 62 (Fig. 2). The sides plates 120 and 122 are spaced
apart so that the bottom member 30 is visible between the
side plates 120 and 122.

Referring to Figs. 1 and 2, a display tube 150 is
connected to the upper end of fork tube 42. A display 152
is in turn connected to the outer end of display tube 150.
The display tube 150 is of the same general construction as
fork tube 42, and is rotatably joined to fork tube 42 by
rotatable joint 154. The joint 154 comprises a hinged
member which uses one or more frictionally releasable
devices to hold the joint stable when desired, or to
release the joint to allow a rotation when desired. The
releasable frictional device is shown as comprising a

hinged joint, having a side through which a threaded

fastener 156 extends to releasably lock the joint 154 by
loosening or tightening the fastener 156, the friction in
the joint 154 is increased or decreased, so as to lock the
joint 154 intc position or to allow it to rotate.

The end of display tube 150 is connected to display
152 by means of a repositionable and tiltable joint 157. A
channel bracket 159, having a C-shaped cross section is
fastened to the back side of the display 152, with the free

i
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legs of the C-section extending outward from the display
152. FEach of the free legs of channel bracket 159 has a
slot 160, running along the length of the bracket 150. The
display tube 150 fits within the channel bracket 159. A
releasable fastener 162 has a shaft (not shown) that passes
through slots 160 and through a hole (not shown) adjacent
the outer end of display tube 150, and connects to a
threaded knob (not shown). The fastener 162 and threaded
knob cooperate to frictionally lock the end of the display
tube 150 to the bracket 159, and thus to the display 152.
The connection is releasable by loosening the fastener 162.

The slots 162 allow the display 152 to be positioned
relative to the end of the display tube 150, and
effectively provide a means for adjusting the height of the
display 152. The display 152 can also be rotated about a
loosened fastener 162 to adjust the angular orientation of
display 152, and tightening the fastener 162 locks the
display into position. There is thus provided a joint 157
that allows repositioning and tilting of the display 152.

The display 152 is in electrical communication with
the alternator 112 so that various loads can be controlled
from, and displayed by, the display 152. The electrical
communication mean can comprise wires, which are known in
the art and not described in detail, or shown herein.
Thus, for example, a rider can input the resistance which
is desired to be exerted by the alternator 112, and can
monitor the speed at which the bike is being pedalled
against that predetermined resistance.

Referring to .Fig. 1, the operation of the invention
will now be described. A person can take his or her own
personal bicycle, remove the front wheel and mount it to
the support frame 28. Many modern racing bikes have
removable front wheels which facilitate this installation.
The fork 26 of the bike frame 10 is attached to the fork
mount 44 by use of a quick-release skewer 110. To
accommodate for different sizes of bike frames 10, the fork
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mount 44 can be releasably positioned by 1loosening
fasteners 50 and 52 (Fig. 7), repositioning the fork
mounting tube 54 and then refastening fasteners 50 and 52.

Referring to Fig. 7, as previousiy mentioned, the fork
mounting tube 54 is asymmetrically located between the ends
of the slots 46 and 48. By slidably positioning the fork
mount 44, relative to the fork tube 42, it is possible to
adjust the vertical elevation of the bike frame 10. Many
riders find a slight wuphill elevation to be more
comfortable when riding a stationary bicycle.

Preferably the fasteners 50 and 52 are positioned at,
and rest against the upper ends of the slots 46 and 48. If
so positioned, the mount 44 bears against the fastener 50
and 52. 7

Since the mounting tube 54 is offset relative to the
ends of slots 46 and 48, the mounting plate 44 can be
rotated 180 degrees in plane to change the elevation of the
mounting tube 54 (and the bike 10), "while still allowing
the fasteners 50 and 52 to bear against the ends of the
slots 46 and 48.

Referring to Figs. 1 and 3, the tire 16 is placed on
the roller 108. The first and second axle tubes 64 are
then rotated so the first and second axle clamps 76 and 106
can engage opposite ends of rear axle 12. Turning knobs 92
(Fig. 3) allows the axle clamps 76 and 106 (Fig. 3) to be
adjusted along the length of rear axle 12 so the ends of
axle 12 can seat in the conical apertures 77. The threaded
shaft 90 (Fig. 3) therefore provides:an adjustable means
for accommodating different axle lengtﬁs for positioning of
the bicycle frame 10 between the first and second axle
tubes 64 and 66. The ability of the first and second axle
tubes 64 and 66 to rotate combine with the ability to
reposition the axle clamp bracket 78 (Fig. 3) to
accommodate a wide range of bike sizes.

Referring to Fig. 1, in operation, the mounting of the
fork 26 to the fork mount 44 provides a flexible mount that
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reduces stresses and fatigue failure problems with the fork
26. The flexibility is provided by the fact that the fork
mount 44 can effectively pivot or flexibly rock about a
line passing through the fasteners 50 and 52 (Fig. 7), even
when those fasteners are tightly secured. The fork mount
44 and the fasteners 50 and 52 bend to allow this
flexibility. The flexibility simulates the lateral
flexibility of a front wheel of a bicycle to further
simulate a realistic ride.

A rider can reposition the fork mount 44 to provide
for a level orientation of bike frame 10, or a slightly
elevated orientation as previously described. When the
rider sits on the seat 22 and exerts force on the pedals
20, the weight of the bicycle and rider force the tire 16
against the roller 108 to provide a frictional drive of the

“roller 108. The flywheel 116 (Fig. 2) simulates the

inertia of the rider and bicycle, while the variable
resistance exerted by alternator 112 (Fig. 2) can be used
to simulate a ride on a level surface, a downgrade, an
uphill grade or any combination of variable grades.

In use, however, the rider does not always stay seated
in the seat or saddle 22, but at times of increased power,
rises off of the saddle, leans over the handlebars 24 and
exerts all of the rider’s weight on the pedals 20. Thus,
while more of the rider’s weight is on the rear wheel when
the rider is seated in the saddle 22, the rider’s weight is
shifted towards the front wheel when the rider rises out of
the seat 22 and exerts increased force and weight on the
pedals 20.

As the weight of the rider shifts toward the fork 26,
the frame 28 operates to maintain, and can actually
increase the friction between the tire 16 and the roller
108 in order to prevent slippage. The first and second
axle tubes 64 and 66 constrain the rear axle 12 to move
along a predefined, arcuate path such that a shift in the
weight of the rider toward the fork 26 causes the axle 12,
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and thus the tire 16, to move toward to the roller 108.

It is also believed that the relative stiffness
between the bike frame 10 with respect to the frame 28 is
such that a movement of the rider toward the fork 26 causes
the fork tube 42 to bend or flex forward and downward and,
since the bike frame 10 is connected to the fork tube 42,
the bike frame 10 causes the constrained axle 12 to rotate
toward the roller 108. It is believed preferable that the
stiffness of the bike frame 10, including the fork 26, be
greater than the stiffness of the support frame 30, which
includes fork tube 42, and the axle tubes 64 and 66.

While the exact theoretical basis may not be precisely
known, the practical effect is apparent. With the rider
seated in the seat 22, the roller 108 and support axles 64
and 66 support the weight that is normally on the rear so
there is no excessive friction between the roller 108 and
the rear tire 16. As the weight of the rider shifts
forward from the seat 22 toward the fork 26, the tire 16
does not slip against the roller 108. The fork tube 42 and
constrained rear axle 12 move in unison albeit perhaps in
different amounts, with the amount of motion varying with
the amount of force exerted on the pedals 20, and the
position of the rider relative to the front fork 26.
Further, a rider using toe clipérand straps on the pedals
20, appears to exert a forward force on the pedals 20 which
also causes the fork tube 42 and constrained rear axle 12,
to move in unison.

Such was not the case with prior art devices using
single or double support rollers. For example, many prior
devices used a support that connected to the bottom bracket
18 (Fig. 1). As the weight of the rider shifted forward,
the bike pivoted about the support connected to the bottom
bracket 18, and the tire 16 moved out of contact with the
prior art roller(s). Further, the mere shift in the
rider's weight decreased the force on the rear wheel, and
thus decreased the friction against the rollers. Thus, the
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shift of the weight of the rider effectively decreased the
friction between the tire and the roller, causing the
roller to slip just when the maximum amount of power was
being transferred to the tire.

There is thus advantageously provided a means of
increasing the friction between the tire 16 and the roller
108 during periods when large amounts of power are being
applied to the pedals 20. There is thus also
advantageously provided a means of using the location of
the weight of the rider to prevent slippage between the
tire 16 and the roller 108. There is also provided a means
of using the flexibility of the frame 28 to prevent
slippage and increase the friction between the tire 16 and
roller 108.

Referring to Figs. 8 and 10, a further advantage of
the present invention is that collapsible means are
provided so the apparatus can be folded into a compact
package to make it readily portable. As previously
described, the first and second axle tubes are rotatable
about the axis running along the length of bolt 70 (Fig.
3). By correctly positioning the rotational joint, the
first and second axle tubes 64 and 66 can be folded into a
more compact shape. Preferably, they can be folded
adjacent the side covers 120 and 122. '

The joints 124, 154 and 157 allow the display 152 to
be folded adjacent the side covers 120 and 122. The fork
tube 42 and the display tube 150 can fit into the space
between the side covers 120 and 122. There is thus
provided collapsible means which allow the apparatus to be
folded into a more compact, portable configuration than the
operational configuration of the apparatus.

Referring to Fig. 2, the heaviest portion of the
invention is located at the support plates 56, 58, 60 and
62, which support the flywheel 116 and the alternator 112.
Referring to Fig. 9, to increase the ease of portability, a
pair of rotatable wheels 170 are mounted at the juncture of
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the rear legs 32 and 34, opposite the joinder of the bottom
member 30. When the invention is lifted so as to rotate
about a line passing through the rear legs 32 and 34, the

.~ wheels 170 come in contact with the ground or floor so that

the invention can be rolled without dragging the foot pads
40. The wheels 170 are not able to roll when the apparatus
is in its operational position as shown in Figs.rl and 2.

Referring'to Figs. 8-10, preferably, the back surface
of the covers 120 and 122 and the suppert plates 56-62
(Fig. 2) are flat so that the invention can maintain a
stable standing position on its end, in a vertical
orientation as illustrated in Figs. 9 and 10.

As previously mentioned regarding Fig. 2, a variable
load device such as the alternator 112 is connected so as
to rotate in conjunction with the roller 108. As the
armature of the alternator 108 rotates, ¢urrent variations
occur which can be used to indicate the rotational speed of
the roller 108. The speed can be calculated by measuring
the time between pulses from a diode on the alternator.
There are six diode pulses for one revolution of the 2.5
inch diameter roller 108. The pulse data can be used to
calculate both speed, and distance traveled. The
alternator 112 is in electronic communication with the
display unit 152 by means such as wires which are known in
the art, and not described in detail herein. In practice,
the alternator 112 provides two signals to the display unit
112, one for speed, and one for resistor voltage through an
external power resistor 243.

The resistor voltage communicates with an analog to
digital (A/D) converter in the display 152. The a/D
converter is known in the art and is not described in
detail herein. The 2/D converter assigns a maximum value
of 255 to the voltage, which corresponds to a voltage of 25
velts. A resolution of about 0.1 volts in the A/D converter

has been found suitable.

Referring to Fig. 11, the display unit 152 contains a

i
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computer 200 which monitors and/or calculates the
rotational speed of the alternator 112 and the roller 108.
The rotational speed of the roller 108 is related to the
distance travelled, and the speed of the bicycle, which can
be calculated by the computer 200. The computer 200 also
controls the voltage to the alternator 112 by means of a
digital to analog (DAC) converter, which adjusts the field
current in the alternator 112.

The computer 200 also works in conjunction with a
timer 202 which monitors various functions of the computer
at predetermined intervals. The timer 202 works in
conjunction with the computer 200 to calculate the absolute
amount of friction in the exercising apparatus, and in the
bicycle mounted on the exercise apparatus.

The flow chart of Fig. 11, taken in conjunction with
Figs. 1 and 12, describes a calibration sequence in which
the rider sits on the saddle 22 (Fig. 1) and presses‘a
start button 204 on the display 152 (Fig. 12) in order to
jnitiate the calibration sequence. Upon initiation, block
206 (Fig. 11) instructs the system to warm up, which is
preferably achieved by applying full field current to the

 alternator 112 for about 30 minutes, and then riding the

bicycle for a few minutes to disperse the grease in the
bearings. The warmup reduces the temperature effects on
the system accuracy.

Block 208 initializes the digital to analog converter
(DAC) to zero, which causes the alternator 112 (Fig. 2) to
place no additional resistance load (other than inherent
frictional loads) on the roller 108 (FIG. 2) or tire 16.
Block 210 commands the display unit 152 (Figs. 1 and 12) to
display an instruction visible by the user to pedal the
bicycle to at least 25 mph. This instruction appears in
the display window 212 of display unit 152 (Fig. 12). When
the bicycle speed is above 25 mph, an audio signal sounds
to indicate that the rider can stop peddling and remain
seated on the saddle 22 (Fig. 1). The display window 212
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also informs the rider to stop peddling after the audio
signal sounds. '

Block 214 (Fig. 11) starts the coast down calculation
when the speed of the wheel 16 (Fig. 1) reaches a
pfedetermined value, 23 mph in this case. Block 216 reads
the speed of the wheel 16 (Fig. 1) while block 218 stores
that speed in random access storage (RAM). Decision block
220 compares the speed from block 216 with a predetermined
value, preferably 5 mph. If the speed is greater than 5
mph, the decision block returns the sequence to block 216
for re-reading the speed. The speed is checked at periodic
intervals, preferably every 0.12 seconds. When the speed
reaches 5 mph, the block 222 computes the deceleration of
the bicycle dV/dT, where dV is the change in velocity, and
dT is the change in time over which the wvelocity change
occurred.

The deceleration is computed by a linear regression,
with each consecutive 20 speed readings being averaged to
get a series of velocities, v;, Vva,.V3, ... v for each
velocity v between 5 and 23 mph. A linear regression is
then performed on the points:

xj = (Vi +Viy1) /2

Yi = (Vi = Vis1) / (20 * 0.12)

Where xj = average system velocity (mph)

yi = system deceleration (mph/sec)

The linear regression gives an eguation of the general

form:

y=2a (x) +B

which is the deceleration due to friction as a function of
velocity; In the general form of the equation, A and B are
constants, Xj corresponds to "(x)" and yj corresponds to
wy" ywhich is the acceleration (or deceleration). The
angular deceleration can be calculated by multiplying "y"
by 14.08 (rad/sec)/mph to get the angular deceleration due
to friction as a function of velocity (mph).

Block 224 calculates the frictional resistance in the
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system in terms of a frictional torque, from the equation:

T = Ia
Where T = Prictional Torgue of alternator (N*m)
I = Mass moment of inertia (N*m*sec?)
a = angular acceleration (rad/secz)

The acceleration, or rather deceleration "a" is the
value computed by block 222 as a function of velocity. The
system inertia is known or can be calculated, and should
include the bicycle wheel 14 and tire 16 (Fig. 1). A
typicai value of the inertia, using a 900 gram wheel, is
0.06296 N*m*sec? The result calculated by block 224 is
the frictional torgque of the system under a no load
condition. The constants A and B from block 224 are
stored in RAM as shown in block 226.

The power to overcome the frictional torque as
calculated above can be computed from the equation:

P=T=%w

where: P = Power (watts)
T = Torque (N * m)
w = angular velocity (rad/sec)

Block 227 uses this equation and the above data, with
the appropriate conversion factors, to derive the power
lost to friction in terms of the ‘linear regression
variables A and B: ‘

P = 11.829 * V * [A * V + B]

where: Ps = power lost to friction (watts)

v = bicycle velocity (mph)
A = linear regression constant
B = linear regression constant

The power lost to friction, Pg, represents the power
lost in the system, including frictional power losses from
the alternator 112 (Fig. 2). The stator of the alternator
112 {(Fig. 2) may have a residual voltage applied, which
although small, can cause frictional drag. By knowing the
frictional losses of the system, the alternator 112 (Fig.
2) can apply power to the system to simulate road
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conditions, and to compensate for the frictional losses of
the system to increase the realism of the simulation.

The accuracy with which real loads are simulated also
depends on how efficient the alternator 112 is in
simulating the known loads. If the alternator 112 varies
from the standard alternator used in deriving the original
equations, applied loads will be less than accurate. To
calibrate the alternator 112, the sequence then progresses
to test 2, as shown in block 228. '

Referring to the flow chart of Fig. 13, the power
calibration of the alternator is performed by a second
test, which determines the efficiency of the alternator 112
(fig. 2) with respect to a standard alternator for which
the performance characteristics are known, as for example,
by measurement on a dynamometer. This standard alternator
is used to derive the calibration equation for Pp described
hereinafter, with m = 1 in that equation. The comparison
with the standard alternator allows compensation for
variations in the electrical performance of the alternator

113,

The rider is again instructed to pedal the bike to a
predetermined speed (preferably 25 mph) by block 230, which
causes a visual message to appear on the display 152 (Fig.
1). An audio signal informs the rider when the
predetermined speed is reached. At that point the rider
remains seated on the saddle 22 (Fig. 1) while the wheel 14
(Fig. 1) begins to coast to a rest. Block 232 begins the
coast down test. Block 234 sets the DAC at a predetermined
value, preferably 105. The voltage causes the alternator
112 (Fig. 2) to apply a load to the roller 108 (Fig. 2). A
mid range load is preferably used, and the 105 DAC value
corresponds to a mid range Ilocad of about 20 mph.

Block 236 <checks the speed beginning at a
predetermined value, preferably 23 mph. Block 238 stores
the speed in RaAM, along with the voltage at the power
resistor 243 in the alternator 112 (Fig. 2). This voltage
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corresponds to the power out of the alternator 113 (Fig.
2). Decision block 240 checks to see if the speed is below
a predetermined value, preferably 15 mph, and if not, it
returns to block 236. The loop of blocks 236, 238 and 240
is repeated at periodic intervals, preferably every .12

'seconds, until the 15 mph value is reached. At that point,

several calculations can be made by the computer 200 (Fig.
1).

Block 242 calculates the power dissipated by the
alternator 112(Fig. 2) at a predetermined speed, 20 mph in
this case. A regression analysis is performed to determine
this value in order to eliminate the possibility of
obtaining incorrect information by taking a single power
reading at 20 mph. The voltage readings stored in RAM by
block 238 are squared, and then a linear regression
analysis is performed on the voltage squared as a function

of velocity:

Xy = Vi
yi = (Ei)?
where: xi = average system velocity (mph)
vj = incremental velocity readings (mph)
yi = system deceleration (mph/sec)
E{ = voltage across power resistor 243
(volts) '

The regression analysis results in a linear equation
having the general form:
y =C(x) +D
where: y =a variable that corresponds to, Ej;, the
voltage across the power resistor 243, squared (volts)
¢ = a constant
D = a constant
(¢} = a variable corresponding to velocity v
(mph}
Thus the immediately preceding equation can be
rewritten in the form:
E2=C*v+D
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Where: E = voltage across power resistor 243 (volts)
v = velocity (mph)

C = a constant

D = a constant

A one ohm external power resister 243 (Fig. 2) |is
connected to the alternator 112 (Fig. 2), and the power
dissipated by the external resistor 243 is E2. The power
across the external resistor 243 essentially measures the
power out of the alternator 113 (Fig. 2). By substituting
the velocity of 20 mph the power dissipated at 20 mph can
be found.

Block 244 computes the power into the alternator 112
(Fig. 2) as a function of velocity, by performing a linear
regression anaiysis similar to that previdusly described.
This time, however, every 5 speed readings are averaged

_together to get vi, V3, ... Vp where the velocity v is

between 15 and 23 mph. The regression is performed on the
points:
Xj = (Vi + Vis1) / 2
Yi = [(Vi - vps1) / (5 * 0.12)] * [(Vi + Vi41)/2]
where: xj = system velocity (mph)
yi = deceleration times velocity (mph)z/sec
The result of this regression is a linear equation,
which when multiplied by the proper factors, gives the
power into the -alternator as a function of velocity:
P; = [F * v + G] * 11.829
where: Pi'= power into alternator (watts)
v = velocity (mph)
F = regression constant
G = regression constant
Block 246 determines the electrical efficiency of the
alternator 112 (Fig. 2} by taking the ratio of the power
out, over the power input, at 20 mph.
ay = [{E2) / (Pin - P£)120 mph
where: ny = user’s alternator efficiency

E2 = alternator output (watts)

9
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Pijp = alternator input power (watts)
-~ Pg = power lost to friction (watts)

Block .248 determines the calibration factor which
gages the performance of a particular user’s alternator
with the performance of the standard alternator used to
derive the foregoing equations. The calibration factor is:

- m=ny/ Ncal
where: m = multiplying factor for alternator
n, = user electrical efficiency
ncal = calibrated alternator efficiency

The calibration factor m is stored in RAM by block
250.

The power a rider puts into the alternator is
calculated by knowing the power out of the alternator 112,
and the alternator efficiency, as compared to a standard.
The voltage is read across the power resistor 243 in the
alternator 112 (Fig. 2). The voltage is used to calculate

the power exerted by the rider. The power is then

myltiplied by the calibration factor, m, to compensate for
any vériations between the user’s apparatus, and the
standard apparatus.

The display window 212 (Fig. 12) is used to display
the power values and associated information for use by the
rider. Following the completion of the coast down tests of
Figs. 11 and 13, the information displayed includes the
linear regression constants A and B from block 224 (Fig.

- 11), the calibration factor m from block 248 (Fig. 13).

The correlation coefficients for such equations as those of

blocks 242 and 244 of Fig. 13 can also be displayed.

A computer socurce code 1listing for the calibration
stéps as described generally in Figs. 11 and 13 is attached
as Appendix A.

The calibration of Figs. 11 and 13 serves to identify
the various factors that can cause the load to vary from
what is theoretically predicted. By knowing these variable
factors, and calibrating the apparatus to account for these
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variables or to compensate for frictional 1losses, the
accuracy of the load that is applied is greatly increased,
thus giving an increasingly realistic ride simulation. The
increased accuracy of the 1load simulation works in
combination with the increased realism provided by the
apparatus on which the bike is mounted as described with
respect to Figs. 1-10, in order to provide for a realistic
training and exercise apparatus, both as to load exerted,
and operatiocnal "feel."

once the apparatus is calibrated, the correct loads

must be determined to properly simulate the desired riding

conditions. The torque which the alternator 112 presents
to the exercise apparatus for the rider to overcome was
found to vary linearly with the voltage across the power
resistor 243 squared (E2) for one particular speed with the
y-intercept equal to zero, where the voltage squared was
plotted on the horizontal (x) axis, and the power was
plotted on the vertical (y) axis. The slope of these speed
or velocity 1lines was found to be a function of the
exponent of the inverse of the speed, as:
slope = 0.12832 * e(1/V) - 0.12903
where: v = rider velocity (mph) _
Using this information, the equation for yj from block
222, the equation for n, from block 246, and appropriate
conversion factors, the power dissipated by the alternator
112 can be written as:
Pp = m[14.08 * v * E2 * (0.1283 e{1/V) - 0.12903)]
where: Pp = alternator power (watts)
E = power resistor'voltage (volts)
v = road speed (mph)
m = calibration factor
The computer 200 can accurately simulate the desired
environmental loads experienced by a ‘-bicycle rider. The
appropriate loads are determined as follows, in the
preferred embodiment.
The inertia of the bicycle and rider is simulated by
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the flywheel 116 (Fig. 2), as previously described. The
alternator 112 also has some inertia which must be
considered. The inertia of a 22 pound flywheel (0.05648
N*m*sec?) when combined with the inertia of the alternator
112 (Fig. 2) has the same inertia as a 113 pound man with a
25 pound bike.

The rolling resistance of the bike is given by the

equation:
FR = 4.448 * CR * W
Where: FgR = rolling friction (N)
‘ Cr = coefficient of friction
W = weight of rider and bicycle (lbs)

This equation assumes the bearing friction is
accounted for in the coast down tests of Figs. 11 and 13.
A coefficient of friction of .004 is preferably used as a
median representation of the friction for good clincher
tires on a variety of surfaces.

The aerodynamic drag of a bicycle rider is given by
the equation: ,

Fp = 0.54 * A * v2

Where: Fp = air drag (N)

A = frontal area of bicycle and rider (my)
v = velocity of bicycle (m/sec)

This drag equation assumes a drag coefficient of 0.9,
and the standard air density at sea level. The frontal
area A changes with rider position and rider size.
Assuming that the frontal area varies linearly with rider
weight, and a 125 pound rider has a frontal area of 0.306
m2 while a 180 pound rider has a -frontal areas of 0.409 mz,
and a 25 pound bike with the bike’s frontal area included
in the preceding figures, then the aerodynamic drag
equation becomes:

Fp = v2 [(0.00103 * W) + 0.0113)

Where: Fp = air drag (N)
velocity of bicycle (m/sec)
weight of rider and bicycle (lbs)

v
W
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If the velocity is given in units of mph, then the
first and second constants become 0.000206 and 0.00227
respectively. Further variations in the aerodynamic drag
equation can be made if it is desired to simulate race
conditions such as the position of a rider within a pack of
riders. A 30% reduction in air drag is believed to be
appropriate for use in the illustrated embodiment if a
rider were within a pack of riders.

Assuming a 25 pound bicycle, the load on a bike rider
due to inclined or graded surfaces, such as hills, can be
calculated as:

Fg = 4.448 * G * W

Where: Fg = force due to grade (N)
G = percent grade (e.g. 45% angle = 100%
grade) W = weight of rider and bicycle (1lbs)

Since power is "equal to force times velocity, the
power experienced by a bike rider can be obtained by
combining the -equations for the above forces, to yield the
equation:

Pr = 0.447 *# v * (FR + Fp + Fg)
Where: Py = road power for rider (watts)
v = velocity (mph)
FR = force from rolling resistance (N)
Fp = force from air drag (N)
Fg = force from hills (N)

For given riding conditions from the above equation,
the speed for the rider can be calculated, and an
appropriate voltage  determined to be applied to the
alternator 112 in order to simulate that road power. A
feedback locp is used in the monitoring and adjustment of
the load exerted by the alternmator 112. The power a rider
is exerting is calculated from the eguation:

Pin = P + Pr
Where: Pijn = rider power exerted by rider (watts)
Pp = alternator power into system (watts)

P = friction power (watts)

[

& 73

16}



WO 89/01806 PCT/US88/02886

10

15

20

25

30

35

47

The computer 200 (Fig. 1) controls and modifies the
DAC value, which in turn varies the alternator power Pp as
needed to simulate the riding conditions. The DAC value is
modified according to the equation:
DACh = DACo (Pin / Pr)
Where: DACp = new DAC value
DACy = previous DAC value
Pin = rider power in (watts)
Py = desired rider power in (watts)
Preferably the DAC, value is limited to a maximum
increase of 40 percent. By using the above load equations
and calibration modes, the load experienced by the rider
can be varied in a more realistic manner than previously

possible.
The computer 200 can be programed to simulate several
riding conditions. Referring to Fig. 12, a programming

capability is provided whereby the rider can use the keys
on the keyboard 252 to select desired loading conditions
for specified times and/or speeds. Similarly, the keyboard
252 can be used to recall a stored loading program from the
computer 200. One such program is the race mode where the
rider competes against other racers simulated by the
computer 200.

Fig. 14 shows an exemplary display window 212 for the
race mode. A first cursor 254 on the display window 212
indicates the position of the rider in a window 256 which
displays the pack position so the rider can visualize
qiS/her position with respect to other racers. The window
212 also displays the rider’s speed, the elapsed time, the
miles traveled, the cadence or pedal rpm, and the rider’s
heart rate. An elevation profile 258 of the course and the
rider’s position on the course is also displayed in the
window 212. A second cursor 257 indicates the rider’s
position on the course so the rider can visualize the
rider’s position with respect to not only the pack via
window 256, but also with respect to the overall course and
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race. The blocks in the window 212 labeled "OTB" and "OTF"
allow the first cursor 254 to move within and out of the
pack a predetermined extent. "OTB" means "off the back" of
the pack, and "OTF" means "off the front" of the pack.

The race mode can use preprogrammed race courses, as
for example the course used in the 1984 Olympics. Another
preprogrammed course would be a constant incline, sometimes
referred to as a fixed grade, where the amount of the
incline or grade can be selected by the rider.
Alternately, the rider can independently program a course
created by the rider. In either event, the computer 200

will control the alternator 112 (Fig. 2) to provide the

appropriate loads that simulate the terrain traversed over
the length of the course. The rider can select the
difficulty of the competition by use of the keyboard 252,
in order to compete against riders of varying competence.
The greater the competenée'of the riders, the faster the
course would be traversed.

In real races, the riders will bunch up to form a

- wpack" for much of the race. The pack of riders will

progress at varying speeds, sometimes maintaining constant
speed, while sometimes increasing speed as riders vie for
position. The computer 200 is thus programed to vary the
pack speed, preferably in a random manner so the rider can
decide whether to alter position as the pack speed varies.

As previously mentioned, the load experienced by a
rider can vary depending on the rider’s position with
respect to the pack since the wind resistance is less for
riders in the pack than for those riders who lead or trail
the pack. There is thus provided a rider controllable
position relative to a pack of simulated riders of a
preselected capability, with the rider position relative to
the pack vafying the wind load experienced by the rider.

Fig. 15 shows a flow chart of a race mode simulation,
while Appendix B contains a computer source code for this
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simulation and related pack position and power
calculations. Block 260 allows the rider to select the
level of competition for the race. The more difficult the
competition, the greater the loads which must be exerted by
the rider on the apparatus in order to keep up with the
competition. The loads exerted on the rider by the
exercise apparatus, however, are determined by the selected
race course as simulated by the alternator 112 (Fig. 2).

The selection of the race course or of the level of
competition from the simulated riders is made by using the
keyboard 252. Block 262 allows the rider to select the
racecourse. A fixed grade may be input, a preprogrammed
course can be selected, or a new course can be input by the
rider, again by using the keyboard 252 in conjunction with
computer algorithms. Block 264 allows the rider’s weight
to be entered since that affects the load simulation.

Block 266 reads the A/D converter which in turn reads
the analog voltage across the external power resistor 243
connected to the alternator 112 (Fig. 2). Block 268
converts that analog voltage to a digital value where the
digital value is linear with a maximum of 255. The 255
digital value corresponds to a voltage of 25 volts. Block
270 then computes the appropriate power for the given road
simulation according to the formula:

Ptotal = Pt * Pa
Where: Protal = total power to be overcome by rider

(watts)

power lost to friction (watts)
alternator power (watts)

Pr

Pa

The equations for Pg and Pp have been previously
defined.

Block 272 averages the total power Ptotal OVer a one
second period and displays that power on the display unit
152 (Fig. 1). Block 274 computes the pack power based on
the level of experience selected by the rider. Block 276
computes the pack distance to determine the position on the




WO 89/01806 , PCT/US88/02886

10

15

20

25

30

35

50

racecourse. Block 278 displays the position -of the rider
with respect to the pack position, via window 256 (Fig.
14). Block 280 checks the speed of the rider so that block
282 can compute the wind force on the rider, using the
previously discussed formula for air drag Fp.

Decision block 286 checks to determine if the rider is
within the pack, and if so, block 286 reduces the air drag
to account for the reduced wind resistance from being in
the pack. The reduction is 30 % in the described
embodiment. Block 288 computes the loads from the grade
and rolling resistance, Fg and FR, as previously discussed.
Block 290 computes the desired power, Pp, as previously
described, to be applied to the alternator 112 (Fig. 2) to
simulate the above combination of loads.

Once the desired amount of power needed to simulate
the riding conditions is determined, decision block 292
checks to see if the desired power is equal to the actual
power - resistance being exerted on the apparatus by the
alternator 112 (Fig. 2) and inherent friction in the
systemn. If the desired power is the same power being
applied, no adjustment is necessary and the computer
algorithm of Fig. 15 returns to block 266.

If the desired power is not equal to the power being
applied, then the program proceeds on to block 294 which
computes the percentage ratio of the desired power and
applied power. Decision block 296 determines whether this
percentage difference is within predetermined 1limits of
acceptability. A 40% difference in the percentage ratio
acceptable in the described embodiment. If the percentage
difference is beyond the predetermined value, the program
proceeds -to block 298 where the percentage ratio is
adjusted. To prevent sudden surges in load variability,
any adjustment of the percentage ratio .is limited so as not
to exceed a predetermined range, which is plus or minus
40%. in the illustrated embodiment. 2 no decision from
block 296 leads to block 300, as does the natural exit from
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block 298. Block 300 calculates a new DAC value according
to the equation:
DACnew = (%) (DACoig)
Where: DACpew = new DAC value (volts)
DACo1q = brior DAC value (volts)
% = percentage ratio from block 294 or 298.

Following the adjustment of the DAC value, the program
returns to block 266 for another iteration. These
iterations are repeated at least every second. This
computer algorithm allows the rider to train, practice, and
experience the exertion required to participate in well
recognized courses, in a realistic simulation, and monitor
the rider’s performance on an absolute time basis, and on a
relative basis with respect to a pack of riders having a
predetermined ability.

Another capability of the apparatus is to monitor the
rider’s heart rate, and adjust the load experienced by the
rider to maintain the heart rate within predetermined
limits. A flow chart of a computer program to achieve this
purpose is shown in Fig. 16. A copy of a computer source
code implementing this flow chart is attached as Appendix
C. .

The rider initiates the program by keying in the
request from Kkeyboard 252 (Fig. 12). Block 300 initiates
the program and 226-Arts reguests the rider to input
information on the upper and lower limits for the heart
rate. If no values are input, a default program (not
shown) displays a request;on window 212 that the rider
input the age and sex of éhe rider, which information is
input by keyboard 252. For males, the maximum heart rate
is calculated as 220 minus the age. For females, the
maximum Reart rate is calculated as 226 minus the age.
Using this information, limits of 70 to 85% the maximum
attainable heart rate during an all out effort are selected
from data accessible to computer 200 (Fig. 1).

Block 301 sets the DAC to zero so there is no load
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exerted by the alternator 112 (Fig. 2), and tells the rider
to warm up by a display message in display window 212. &s
indicated in block 302, the warm up lasts for a
predetermined time, two minutes in this case.

Preferably, the rider makes the necessary connections
before the warmup period begins so that information on the
rider’s heart rate can be input into the computer 200 in
the display unit 152 (Fig. 1). Various methods known in
the art can be used to monitor the rider’s heart rate and
transmit it to the computer. Preferably, hdwever, the
rider wears a chest belt containing a pulse sensor to sense
the rider’s heart rate. The belt also preferably contains
a transmitter so the information can be transmitted to a
receiver in the computer 200 in the display unit 152 (Fig.
1). Such devices are known in the art and are not descried
in detail herein. ,

The upper 1limit (UL) and lower 1limit (LL) are
used in the decision block 306 to determine whether the
heart rate (HR) is such that the load exerted on the
apparatus by the alternator 112 (Fig. -2) should be
increased, decreased, or remain the same. Decision block
306 monitors the heart rate,” and if it is within a
predetermined range then the load is not altered as
indicated in block 310, and the display window displays a
signal to indicate all is well, as in block 312, after
which the program returns to recheck the heart rate. The
predetermined range selected in Fig. 16 is that the heart
rate must be greater than:

IL + (UL - 1I) * .2

and less than:

UL - (UL - 1LL) * .2

Where: LL = lower limit (from block 306)

UL = upper limit (from block 306)

Essentially, no consideration is given to changing the
load until the heart rate approaches to within 20% of
either the upper or lower limits.

.

%,

€]



WO 89/01806

10

15

20

25

30

35

PCT/US88/02886

53

If the heart rate was within 20% of the lower heart
rate limit, then the algorithm proceeds to decision block
320 which checks to see if the DAC value just recently
increased. Since the DAC value affects the load exerted by
the alternator 112 (Fig. 2), this step essentially checks
to see if the load exerted on the rider has recently
increased. If the answer is no, the algorithm proceeds to
block 324. If the answer is yes, the algorithm proceeds to
block 322 which checks to determine whether the DAC value
has been unchanged for more than a predetermined time, 40
seconds in this case. This step is essentially checking to
see if the load exerted on the rider has been unchanged for
40 seconds. If the DAC value has not changed for at least
40 seconds, the program returns to block 306 and re-reads
the heart rate. If the DAC value has not changed for 40
seconds or more, the program proceeds to’ decision block
324, which checks to see if the DAC value is at a
predetermined level, which in this case is selected as 255.
As previously mentioned, 255 is the maximum DAC value, and
corresponds to a voltage of 12 volts at the field coil of
alternator 112 (Fig. 2). If the DAC value is 255, the
program goes to block 326 which displays a request for the
rider to increase the effort being exerted, after which it
returns to block 306. If the DAC value is below 255, then
the program proceeds tc block 328 which increases the power
by a predetermined amount, which was selected as 10 watts
in the preferred embodiment. The program then returns to
decision block 306.

If the rider’s heart rate is within 20 % of the upper
heart rate limit, then the program goes to decision block
330 which checks to see if the heart rate has exceeded the
upper limit by a predetermined amount, which was selected
to be 5 in Fig. 16. If the answer is yes, the heart rate
is too high and the program goes to block 332 which sets
the DAC to zero to reduce the load, displays a signal on
the display unit 152 (Fig. 1) telling the rider to decrease
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effort, and gives an audio signal (a beep) until the heart
rate is lowered to within the pre-specified limits. The
program then returns to block 306 to check the heart rate.
If the decision from block 330 is that the rider’s
heart rate is not greater than the predetermined amount,
then the program goes to decision block 334, which checks
to see if the DAC was just decreased. If it has Jjust
decreased, then the program proceeds to decision block 336
to see how long the heart rate has been heart rate has been
above the upper limit. If the DAC has not just decreased,
then the algorithm proceeds to block 338.
Block 336 checks to see whether the DAC has changed

- within the last 20 seconds, and if so the program returns

to block 306. If the DAC has been unchanged for 20 seconds
or more, then the program proceeds to decision block 338.

Block 338 checks the DAC value, and if it is zero, the
program proceeds to block 332 which was previously
described. If the DAC value is not zero, then block 340
decreases the power to the alternator 112 (Fig. 2) by a
predetermined amount, which is 10 watts in Fig. 16. After
decreasing the power, the program returns to block 306.

The algorithm of Fig. 16 thus maintains the load on
the exercise apparatus so that the heart rate stays within
predetermined limits, and initiates corrective measures as
the heart rate approaches those 1limits. The fast and
accurate response of the alternator 112 (Fig. 2) to the
load variations allows the loads to be adjusted quickly and
accurately enough to maintain the heart rate within the
preselected limits. The display unit 152 (Fig. 1) provides
visual and audie communication to the rider to further
maintain the effectiveness of the system.

When cembined with the prior improvements, the method
and apparatus for controlling the heart rate allows a racer
to optimize the training for a race. The apparatus for
supporting the racer’s bicycle provides a realistic ride
simulation or "feel." The calibration of the friction and
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alternator efficiency allow the loads to be accurately
simulated and to accurately simulate various race
conditions. The effects of wind load and pack position can

be simulated. The computer and race course selection
allows a variety of races to be simulated, so the rider can
practice any pre-programmed course, OIr progran

independently. The ability to select various levels of
competition, and to race against the simulated competition
provides race incentive.  The random variation of pack
performance during a race allows the racer to practice
various race strategies. The heart rate monitor allows the
racer to track physical performance while having the
exercise device take steps to control the load which

affects the heart rate.
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CALIBRSTEIIE

LDy
LDs
76
Iy
Ll
€Ta
CLC
LD&
&0t
ST
LD&
&0l
ETA
LD&
cMF
BNE

#o

(PNT13,Y

ADTOT jSTORE &0+ SUM OF 1@ READINGE
)
s

ADTOT+!
(PRNTi33 .Y

PNTIZ

#z

INTLS

PIST13+1

#

PNT1Z+1

PNT13+1

#3406 ;0UT OF RaM?
CaLlBRATELZ 3NC

PCT/US88/02886

sOVER RAM - DISFLAY SOMETHING
JSR BEEF
JMP =

CALIBRATE!Z
JMFP CALIBRATE? . -

CaLIBDEF ;DISFLAY "CALIBRATE" AND

JER
JSK
§TZ
LDA
STA
LDA
LDY
JSR
LDA
STA
LDA
LDY
JMP

CLRDSF

HYLIN $HORIZ AND VERT LINES
ADDR

#2206

ADDR+1

#LOW MIPE ;"CALIBRATION"
SHIGH Mi1%E

PRTMSG

w24

ADDR+1

#L0OL M213 ;"SPEED"
#HIGH M213

PRTMSG

SPEEDISP ;DISPLAY SPEED

Lpa
STA
LDA
STA
ST2
JSR
LDA
sSTA
STZ
LDA

SUBSTITS UL

SPDHEX
HEX+1
SPDHEX+1
HEX+2
HEX
HEXA&SC
#%24
ADDFR+1
ADDR
ASCI+S

(e
(KX
il

kY
A

o

%
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Humts. ite Macro Ascembler 45CUZ croee szzembler for PC-DDE Z.8 wl.2Zl
toecsier EX

Feaqrnlle LDY #é
Foassrsilu €T (ADDFD,Y
Fegtslt Y
FFqes=S:® LA ASCI+¢
FFaE»=i6l ETA C(ADDRY Y
FeabslT INY
FeaE»—=ZE LD= & .
FeSessio2 ETa (ADDF,Y
FeTaels s
FeCZsalam LD~ AST1+7
FRES»51 00 - ETA (ADDIRY,Y
FOS72el TS
Fsces CalDase i COSET Douy (& Dilr COMFLETE
FESeamsl s LDa #LO« DACDAT jEECIN SFEED RAM
F95a*ESIE 8TA PNTIE
F3SC#A%ES LD&a #HIGH DACDAT
FPSE*EELIF 8TA PNTIS+!
Fose=28CSFD JSR RESCALVAL jRESET CALIE VALUES
Feéz» CalLDaCer
Fee2x£42¢E €TZ MCAND
FPES#£&42% STZ MCAND+!
Fo&7%A0ae LDY #@
FPeo*sZis LDX #:¢ v
FFLE* Ca4LDACHEG §EUM OF 2@ SFEEDS
F&E*» & cLe
FesC*EILE LDa (PNTIZO,Y
" FY4E*£529 ADC MCAND+1
Fe78%852 STA MCAND+!
Fo7zx4500 LD~ #&
FS74%4S28 ADC MCAND =
F976%8528 STA MCAND
Fe78%CA DEX
Fo79%z200¢& BMl CALDACEH
FP7R*2834FA JSR INCPNT15 §NEXT POINT
FP7E*DREER BNE CALDACEG jNOT DONE YET
FoBa»4CEDF? JMF CALDACEH -3YES
FP83* CALDACEH
FoB3*2833F4 JSR RDYFAC
F98&*AE2% LD& MCAND+1
F?8gs83Sh4A STA FACLO
FyB8A*AT2E LD& MCAND
F98C%BZDY ST4 FACHMO
FYBE#28735&5 JSR NORMAL jNORMALIZE TO FLOATING POINT
FPP1%R248 LDX #LOW FACTMFI ;STORE -
Fo93xABE3 LDY #HIGH FACTMP!
FP95%288D48 JER MOUMF
Fo98%aD4563 LDA HRTCNT 31ST TIME?
FooBE*FE2A BEQ CALDACRI ;YES
FOPD*4%&D LD& #LOW FACTMPZ 3GET LAST AV
FPPF»AB02 LDY #HIGH FRCTMFZ

SUBSTITUTE SHEET
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Hunteville Macro Ascemtler

FORI®206EDS4L
FOma»Zz@lTel
FoaTancs ]
FeAf+apsd
FOuE» 260FeT
JFFAE2ZGEAFT:
FPE.®#aZaX
FEEZ®mRGZ
FSESs ZCUDLT

FEEE#aSsT
FoBRxagez
FOEOs28DF&T
FSEC»aG&D
Feli®ago?
FeOZ»ZBESET

FST&=ASES
Felaxatss
Folaxr28£546&
FoCD*A27C
FPCF*aaez
FPOi%280048

FoD4»202EFC-

FPL7»
FeD7x4Z264

FPhF=
F7D9%ED&BER
FPDCxD4DR2
FYDF=CA
FPEe*18F7
FPE2*EE4983
FPES*2834FA
FPEB*FBB 2
FPEA%4LE3F?

FSED*
FPED*2¢623F4
FoFexCE4%63
FPF3%AD4%83
FoF&*85Da
FOF8%28B&FC
FOFBXASSE
FOFD*AR&Y
FPFF#2B£5468
FAB22A2E2
FaR4=AER4
Fagcx2aaD4ee

FARY*2822FD
Fael#a%9E
FREE*AR&4

JSR
JER
LDA
L
JEE
JSR
LD
Loy
JSF

LD~
LDy
JER
LD=
=Dy
JSF

LDA
LDY
JER
LDX
LDY
JSR

JSK

PCT/US88/02886

FSUE :LaST - THIS AUG

MOJAF

#LOUW INT4EE

#HIGH INT4S8
l IFM

FPD’U

#iO0 FalTHE Y

HHIGH FACTHF

MOEE

148E 26+, 12¥26(AVGIS1B(SFEED)

#LOW FRITMFI ;THIS RESDING
#HIGH FATTMF!

MOUFM

#LOf FARCTMFZ (LAST READ
#HIGH FeITMFZ

Felelr

#LOW INT282S ;8.8025
WHIGH INTGE2S

FMULT

#LOW ARGTMP ;X

#HIGH ARGTMF

MOUMF

1/7(2228 (AVRY* 1B SFEED))

LINREG -

CatDale]

LD¥

#4 $STORE THIS AT L&ET READ

CALDALRT

LDA
STA
DEX
BFL
INC
JSR
BEG
JMP

FACTMP! ,X
FACTMFP2,X

CALDACEJ

HRTCNT =
INCPNTIS jNEXT POINT

CALDAC®K ;DONE

CALDACEF ;NEXT AVG

CALDACEK

JER
DEC
LDA
€TA
JSR
LD&A
LDY
JER
LDX
LDY
JSR

JSR
LD&
LDY

RDYFAC

HRTCNT

HRTCNT ;NEED TO DECREMENT?
FACLO

ACALL

#L0W INT11B2% ;11.829
#HIGH INTI11829

FMULT

#LOW FPU2

#HIGH FPU2

MOUMF

BCALC

#LOW INTIiBZ®
#HIGH INT11E2¢%

SUBSTITUTE SHEET
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Hurteuilie Mecre Asgembler

AlesZBETe
FA13»AZDE
FalSamlla

FAl7*x208DE&E

ALReZREBRFD
F&l u*n‘hfr
FelExmEe
FZi® .E:-cd
FrRZ4=»~ZES
FAE&*AEE4

AzexZoEl o8
FR’E"@&;F“
FAZE»ml =~

FaZ@rmai @
- --‘-'

-
-

-

-

FAZGx

FAZE*EELE
Fa3esDee2
FASA®ELLF
FAZC®ASIE
FLMZE#CSIC
Faae»DEas
FASZRATLF
FA44»CELD

FAgés
FR4éxée

T FA4T

Fr47%28C5FD
FAGA*ATCS
Fad4C#8S1E
FadEx&52D
FAS@¥ESIF
FﬁSZ*A?A@
FAS4*#ES
FASé*~ °9E
FASB#*#B851B

FASA*
FASA*2033F4
FASD*AG00
FASF=EIIE
Faél #&5DA
FRES*¥ZB756T
FRGEXZ2B3IEL7
Faé9xa27C

L3

JSR FMULT
LDX #LOW FPV
LDY #HIGH FPV
JER MOUMF

JER LINREG2% :(CalLL AT
L& 8LOW INTZZeSS 323
LDy #HIG= INTZ2652
JEF FMULT

LD #.Cv FPFRZG

LI #HIGH FPFRZE

JESF MOUMF -

JER RCALC sDISPLAY F SOMEWHEFET??7?
LDy BLOW FRARG

LY #HIGH FPARG

JER MILMF

s JER DUMFDATA

RTS

$END DAC @ CALIBRATION

INCPNTI1S

INC PNTIS

BNE #+44

INC PNT15+1

LDA PNTI1S ;DONE?
CMF PNT14

BNE INCPNTI13& MO
LD PIT1S+!

CMF PNT14+]

INCPNT 1S4
RTS

1START DAC 185 CALCULATION

CALDACIBD

JSR RESCALVAL

LDA #LOW DACDAT ;SPEEDS
€TAa PNT1S

LD4 #HIGH DACDAT

STA PNT1O+t

LDA #LOW CREDAT ;VOLTAGES
STA PNTI3

LDA #HIGH CRSDAT

STa PNT13+1

DaC18SF

JSR RDYFAC

LDY #8&

LDA (PNT1D), Y

ST4 FACLO

JSk NORMAL

JSR DIVie

LDx #LOW ARGIMF ;X

SUBSTITUTE SHEET
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crtesville Macro Accembler &S70Z cros: ecssembler for FI-DOZ Z.0 0 o

FAGE*aPES LDY #rIGH &/RETME
FashrZetlet JEF MOUMF

Fa7e»20 2354 JSF ROYFALD
FaTZsnian LDy #@

FATS*E! 1A LD& (PNTIZ),Y

FT PRI ETa Fadmo

Farvs=IE 1My :

FARA*EL 1A LD& (PHNTI1Z3,Y
FaTCrESla STa F&CLD
FaTESZ8TEES JEF NGFMAL

FAB! *4%C4 LM #L0u INTS7ES jNIRMALIZE TO VOLTS
FABZFABLE LDY #HIGH INTS?EE
FusS*ZpeSesd JSF FMLT
FaSExazs LOx 8.0 Frell
FRASa*EELS LDy #HIGH FF&CC
FaBCxZaglses JSR MOUMF
FABF#ASCS LDa #L0W FP&CC
FAT1%AR03 LDY #HIGH FFR&CC
FAF2x26&56s JSR FMULT ;-2
FaS&6%AZER LDX #LOW FACTMF ;Y
FASE*aaE 2 LDY #HIGH F&CTMF
FAPA»288DEE JSE MOUMF
FASD%2638FC .JSR LINREG ,

FAAB %28 3&FA JER INCPNTIS
Faazs+Dpes BHE D&CIESE fNOT LONE YET
FARS*»4CCIFA JIMFP DsC1@SE

Fangs DAC1E356

Fang=ig cLC

FARP*aS1A ~ LDA PNTI3
FAQR*&4582 abC #2

FRAD%ES14 ST& PNTIR
FAAF*AS1B LDA PNT13+!

FAB1 %4768 ADC #&

FAE3%251B STA PNT13+1 .

T FABS*E¢2? INC MCAND+1 jNUMBER OF POINTS
FAB7#FBG3 BEG %+S
FARP*4C5aFA JMF DAC18SF
FABC®EE2E INC MCAND
FABE*4CSaFA JMP DACI8SF
FaCtl# DaC185K
FAC1 *2a833F4 JSR RDYFa&C
FAC4x%18 cLC
FACS#AS529 LDA MCAND+1
FRC7%4%961 ) ADC #1
FaCe*85Da ' STa FACLO ;NEED TO DECREMENT BY 17
FACB*AS2E LDA MCAND
FACD*&922 ADC #a
FACF*»E&5DS§ ET& FaCMO
FADI %¥26EB4FC JSF ACALC
FaDax2e22FD JER BCALC
FaD7%28BGFD JSR LINREGZ8 ;CalC VALUE AT 26 MPH

SUBETITUTE SHEET
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Hurtzuv:ilie Masrc Ascembler €5007 cross essembler for HL-D

Féalm e ZED
FaDlenfid
FADE»ZOEISE
Fazi#ZnealFD
FAEQ®ARZmZ
FaEéraprd
FAEE*»ZCP et
FREBR»ZBISFLD
FREE»=©vIT
FaFe»2C1E
FAFZxASET

. FAFSxZClF

FAaF o

FaTeeasl
FrFzsess
FaFmraa(d
FAFC»A284

RLIK (/]

FAFEs
FAFE*IE
FAFFx2i {E
FBel #8229
FE@3%BEZ?
FBeSxAGeE
FBA7%4528
FEES»2TZE
FEBESLA
FEeCs2EEE
FEGE*»208:4FA
FB11%DBEE
FE13%#4CPLIFE

FBlé*
FB16%2823F4
FBL9#A529
FE1E*#E5DA
FB1D*AZ2E

" FBIF*ESDY

FRZ1#2€7545
FEZ24%/4266
FRZE%&0E2
FE28%280D¢8
FEZB*AD4ATE3
FEZE*D@R3Z
FE3e*4C7BFE
FE33*¥a%4D
FB3S*ARE3
FB37%2BEDé4
FB3A*¥ATAD
FE3CxAB Y
FB3E*2045¢6
FRQ1*A2¢3
FB43xpp0n
FE4S»200D48E

LD
LDY
JSK
JER
LD
LEey
JER
JEF
LD~
STk
LD#A
sTA

#.0L FPE26
#HIGH FFEZ26
MOUMF

RCALC ;DISPLaY SOMEWHEREZ??
#_0W FPWIND
#HIGH FPRWIND
MOUMF '
RES ZALUAL
#L0V DRODAT
PNTLS

#HIGH DACDAT
PINT15+1

DaliesL

&TZ
LDY
LDX

MEAND
MIAND+ 1
#5

#4

DAC1@SM

CLC
LDa

ADLC

sTA
LDA
&bz
STa
DE%
B

JER
Bi<E
JMF

(PNT13),Y
MCAMD+ 1
MCAND+1
#e

MCAND
MCAT!

Dal1esn
INCPNTIS
DAC185SM
DACIBSK

DAC185N

JSR
LDA
STA
LD&
5TA
JSk
LDX
LDY

" JSK

LDA
BNE
JMP
LDa
LDY
JSR
LDA
LDY
JSR
LDX
LDY
JSR

RDYFAC

MCAND+ 1

FACLO

MCAND

FACMO

NORMAL

#LOW FACTMFL

#HIGH FACTMP!

MOUMF

HRTCNT ;1ST REALING?
L 23]

DAC185P ;YES

#L0OW FACTMPZ ;LAST READ
#HIGH FACTMPZ

FEUB

#LOW INTB33 ;.833333 1/(5%,.12%18%5)

#HIGH INT®32
FMULT

#LOW FACTMP ;Y
#HIGH FACTMP
MOUMF

SUBSTITUTE SHEET
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Hurter.1lle Mecre

mn
m
f
V
m n

J\ -:u t‘;' " r1 LAN]]
nvn1>nlvvﬂ|ufn

E
F:_,-.)HC
FET.3sA¢C
FETZ»ZEE
FESa»Z0
FETFom =S
FESE*AQEead
FESD»202Fe”
FE6R*ZBE~FD
FE&3+AZTLC
FELS»aL02
FE&T»ZEC TS
FEomesse
F iC*R?G:
FBeE222&36
FB?I*AZGE
FB73%ARE2
FE7S%20804&E
FE7&8*x283&FC

n

LT
[ N]

FR7E*
FE7R*A204

FE?D>
FETVDSEDEEED
FEESG*PDLeDEZ
FBEZ»La
FBE4*1@F7
FRE<*EE49R3
FBEP%28Z¢4FA
FEEC>FeRZ
FESE*4CF4&FA

FB?1*
FRS1%2833F4
FB?4%CE4963

FE97%#AD4583.

FESR*#E5D4
FRYCx2BE4FC
FERF%2823FD
FBAZ2x26B&FD
FBAS*AFSE
FBA7*AB&4
FBAP*#28&544
FBACx264548
FBAF*APER
FBEi*agn4
FEBER*26DF&7
FER&»26FRE4
FEEY*ASED
FEEB*R&G4
FBBD*26C9&¢

PCT/US88/02886

Aeceembler EST¢Z creoszes zezembler for ro-00% Z.B

LD #L01 FaTTMEL

LY #MIGH FaCTHMRL

JER MOEM

LD&s 800 FRITMEZ

LDY #KIGH FACTNt'

JER F;*“

JER M=

LD& #_Dd INT1ge Z25+!
LI #=10+= INTIEE

JER MOLIEM

R

3\
]

JEF FROIV

LDX #L0L APGTME X
LDy #HIGH &RCTHF
JEFR MIME
LD& #LOL FeZTMP
Lo& #HIGH FACTMF
SR FMULT
Lnx #L0OW FACTMF ;Y
LDY #5I1GH FACTMP .
JSR MOUMF
JER LINREG

DaCiesr
LDX %4

DACLIBSS 3THIT FEAD TC LAST READING
LO& FAITMFL (X

STa FALTMFZ, X

DEX

BPL DaTiBSG

INC HRTOWNT $NUMEER OF POINTS

JSE INCPNTIS §NEXT POINT

BEQ DACIESRE ;DONE

JMF DAC18SL NEXT aUG

h

DAC185R
JSR RDYFAC

DEC HRTCNT

LD& HRTCNT

ST& FACLO

JSF ACALC

JSR BCALC

JSR LINREGZ@

LDA #.0W INT1182%
LDY #HIGH INT11§29
JSR FMULT

JSR MOUAF

LD& #LOW FPFR26
LDY #HIGH FPFR28
JSR MOVFM

JSR FSUET

LD& #LOW FPE2®

LDY #HIGH FPE28®
JSR CONUPK

€7}

4

SUBSﬂTUTESHEET
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Hurts. i le Macro Assemnler ¢T8E coose sscemb.er for
FECE»2CESFL JSR FRLIU
FEC3»Zz0AaTeL JER MOUSF
FELO*m S LD #LOW INTe@2% 38.48ZS
FRCE»mp 29 LDY HEIGH INTEE2S
FEOR»ZUDFET JER MIEM
FECD»20EA®T JBR FFLIV
FEDB»AZFZ LDy, #L0 FPM
FEDZ»mo0S LDy H#HIGH FPM
FBo4»Zetlel JSF MUI.HF
FELT*Z8:1FL JEF RCmiC 30185l SOMEWHERET?™
FPOm~ DACIZTRA
FEDQ*Z2BEEMD JSR CLRDEF
FEDD*Z@&E~Z - JSF DEFQT
FEE@»STZd L& #2260
FEEZ+ETC! ST ADDR+1
FEEA®&S2E 8TZ &DDFR
FEES*LSDE LD& #LOW FRPV
FEEE»&664 LDY #HIGH FFUV
FBE~*#20&4DFE JSFR FLTPRT
FEED*ATZ! LDA #$21
FEEF*ESE! €T~ ADDR+1
FEF 1 *A%E3 LDA #L0W FPVU2
FBFR»aBR4 LDY #HIGH FPUZ
FEFS5*28¢DFE JSR FLTFRT
FEFEB*ASZZ LD #8222
FEFA»ZT0 1 €7A ADDR+!
FEFC*»«4%FZ LD HLOW FPM
FEFE»&GBG4 LDY #H4]1GH FFM
FCee»ze4DFE JSF FLTFRT
FCES%Aa%22 LDA #223
FCBS*E561 TA ADDR+1
FCO7*A%PCA LDA #LOW FFPARD
FCeoxape? LDY #HIGH FPARG
FCeEx284DFE JSR FLTPRT
FCBE*A%24 LDA #$24
FCiexgtol STa ADDR+!

- FC12*A%AZ LDA #LOW FPWIND
FCl4xAaBB4 LDY #HIGH FPWIND
FC1&%204DFE JSR FLTPRT
FC19#AS2ZT LDA #¢25
FC1B#8501 STa ADDR+1
FCID*AYDY LDAa #L0OW FFK
FCiFxnge4 LDY #HIGH FPR
FC21%284DFE JSR FLTPRT
FC24%284BEE JSR BEEF

. 1 JSR DUMPDATA
FC27%#A9FC LD& #LOW MEL 3 "MAIN MENU"
FC29%a842 LDY #HIGH ME1
FC2B*28E7DA JSR INUMSGC!
FC2E* DaC1BSRE
FC2E*287CAS JSR KEYIN ;~FOR NOW
FC21%Co11 CMF #%11
FC3ZxDeFY BNE DARC185FRB

SUBSTITUTE SHEET
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Huritev:lle Macro aecembler $SIAZ2 croee sccembler for -

FC35+4C4aes:  —  JMF M

{DAZ 185 CALCULATION DONE

&

(£

FC3z» L‘&;EE tRUNITHNG LINESR REGREZSION

FCSS»asTT LDE #_0Ouw ARGTMF X

FC3mu*ales Lhv, #HIGH ARSTMF

FCRCxZBIFET JER MOVFM

FL3F»aSel Lb=s #_00 FACTME Y

FC4i1»apac LDY #HIGH FACTMF

FL&2%20¢&5¢e JER FMULT

FLIe»nFal LD& #.0L FFRILMXY

FCas»mGES LY #A1GHR FFIUMSY

FlamrzRa3:T JER FaDD

FCAD»RZE1 LDX #LOW FPSUM:Y

FCAF%Q86S LDy #HIGH FFSUMXY

FCSix288DéE  JSK MOUMF

FCS54»A57C LDa #LOW ARGTMF 33X

FLS&*ARET LDy #HIGH &RGTMP

FCEex28DF&7 JSR MOVFM

FCSB*APF? LDA #LOUW FPSUMX

FCSDxABEB4 - LDY SHIGH FPSUMX

FCS5F=200445 JSR FADD

FLEZ2¥RZET - LDX BLOW FPRSUM:

FLéa#ALE4 LY #HIGH FPSUM

FLéé»2pBL6E Jek MOUMF

FCeoxa%7C LDa #LOW ARGTMP ;X

FCéBxAB0B 3 LDY #HIGH ARGTMP

FC4Dx2eDF&7 JSR MOVFM

FC78%A%7C LDa #LOW ARGTMF -

FC72%A8B3 LDY #HIGH ARGTMP =

FC74%20£566& JSR FMULT jX*Z2

FLC77%4%84 LDa #L0W FPSUMXX

FC79%AB8%S LDY #HIGH FPSUMXX

FC7B%2868445 JSR FADD

FC7E*»A28& LDX #LOW FPSIMXX

FCBB*ABGS LDY #HIGH FPSUMXX

FCE2x208086D4E JSR MOVMF

FCBS#A%43 LDA #LOW FACTMP Y

FC87%ABBZ LDY #HIGH FACTHMP &

FCe9%26DF &7 JSR MOUFM

FCBL=APFC LDa #LOW FPSUMY

FCBE*ABRS LDY #&HIGH FPSUMY .

FCo8%288445 JSk FADD "

FCP3%a2FC LDX #LOW FPSUMY

FC95xaaad LDY #HIGH FPSUMY

FCP7%288D48 JSR MOUMF

FCoa*a43 LDA #L0OW FACTMF ;Y o .
SUBSTITUTE SHEET
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munteville Ma

FCOI#mEET
FCFE»Z@DFe™
FChLPREET
FCr2»A063
FLaSe2EeSed
FCAEraceE
FleawamlS
FCatsZoBast
FCAF®#aZPE
FoEI+ma@S
FCEZACEDEE

FCEé*
FLEe» 2P TFS6
FCESamZsZ
FCEE»mBEZ
FCEDxZ2BEDEE
FCCe*aSF7
FLCz+AB04
FCC4»2eDF &7
FCC7%A%FC
FCCS®»ARD 4
FCCE22045646
FCCE»2084548
FCD1%AP&2
FCOE*AGEZ
FCDE»200FE7
FCDE*20E~FD
FCDExa%0G1!
COD*a0ES
FCDF%2BED¢4
FCEZ2%A272
FCE4»ARQ2
FCE<cx288D6E

FCEF*APF?
FCEB*ABR4
FCED*208DF&7
FCFe*A%F7
FCF2*A00G4
FCF4%28£5¢¢6
FCF7%2845648
FCFA*APES
FCFCxa0E3
FCFE*28DF&7
FDB1%286EAFD
FDE4*a%86
FDB&*ABES
FDBEx28EDS4
FDOR#A/Z77
FDBDxARA2
FDeFx288D4&8
FD12%A%72
FD14xABB3
FDléx28C944

Lo

JESF
LD
Lo

JER
LD
LDY
JER
LD
Loy
JMFE

cre feeembier  &TCTEZ crocsg

#5116 FRCTHMF
HUUrM

#_0. FAITHMF
#HHIGH FACTMF
FMJLT

#L0U FREUMYY
#EIGH FPSUMYY

FaDT

#LOW FREUMYY
RHIGH FREUMTY
MIVHF

ACALC ;CALCULATE "A"

yo=

vanr

L D ”

LOvw

JEFR M
LD&
LDy
JER
LDA
LDy

JSR
JER
LD&
Loy
JE F
JER
LD
LDY
JSR
LDX
LDY
JSR

LDA
LDY
JSR
LDA
LDY
JSKR
JER
LDA
LDY
JSK
JER
LDA
LDY
JSR
LDX
LDY
JEFR
LDA
LDY
JER

SORMSL  (NORMSLIZE

#_ 0w FRITHMF

Bl GH FaITHF
MOUMF

#.0u FPSUMX

#H]IGH FPSUMX

MOUFM

#L 0L FPRSUMY

#HIGH FPSUMY

FMULT

MOovAaF

#L0W FACTMFE N

#HIGH FACTMP

MOUFM

FRDIV

#.0W FREUMEY

#HIGH FRPEUMXY

FSUB

#L0OW FACTMPZ

#HIGH FACTMP3

MOVMF

#L0W FPSLMX
#HIGH FPSUMX
MOUFM

#LOW FPSUMX
#HIGH FPEUMX
FMULT

MOUAF

#LOW FACTMP ;N
#HIGH FACTMF
MOVFM

FFDIV

#L0W FPSUMXX
#HIBGH FPSUMXX
FSUB

o9

(Y = AX + B)

M!!n

s STORE

#L0OW FACTMP4 ;STORE

#HIGH FACTMFS
MOUMF

#L0W FACTMFZ

#H1GH FACTMP3
CONUPK

sUBSTITUTE SHEET
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FDIexzRERFD
FO1CanzCF
FhiE»RTRS
FLZegs»aloled

FDZ3»
FL.2Z#m3FC
FD2Sr+mbES
et r3- ol o F NN
FL2=en®el
FD2C+muE2
FLZE»ZE[FET
FDZI %28EAFD
FLE4»nZel
FiZéamz
FLZze+Zeehét
FDREXAQTF?
FL3D=*nee g
FD3F*2eC9&4é
FD42*AP&2
FD44*ARER
FD44x20DF&7
FD4Y=20EAQFD
FDAC*ASCF
FDAExABR 4
FDSe%284546
FDS2»A5&D
FDSS»a00 2
F:S7%20ED&4
FDSaxa2D4
FDSCxABB4
FDSE*4C0D4&E

FDé1 =
FD&1%AP72
FD&3%A8R 3
FD&S%28DF &7
FDEB*AP?72
FDOAXABE3
FDECR284544
FDEF»R2&E
FD71%#A8083
FD73%288D¢8
FD7&¥*a9FC
FD78%A884
FD7a%28DF&7
FD7D%a9FC
FD7F%ABG@4
FDE1%28&5&¢
FDB84x%284548
FDB7%Aa%43
FDEo*a88 2
FDEE*28DF&7
FDEE®26EAFD
FD?1 *AP6E

JeF
LD
Lo
JMF

CacC

LD
LDy

JER
LDA
LDY
JER
JER
LDX

LDV

JER
DA
LDy
JSR
LD&
LDY
JSR
JSR
LD&
LDY
JSR
LD&
LDY
JER
LDX
LDY
JMP

7¢

FFOIV

#_0Ww FPA jSTORE
#HIGH FFa
MOUMF

#_Cic FFESUMy
#HIGH FESUMY
CONLIFE

#.0W FACTMFE 3N
#HIGH FACTHF
MOFN

FPDIU

#.0id FACTMFZ
#HIGH FACTMPZ
MM

#LOL FPEUMX
#HIBH FPSUMX
CONUFK

#L0k FACTMP N
#HIGH FACTMF
MOUFM

FPDIV

#LOK FFA

#HIGH FFA
FMULT

#LOW FACTMFZ
#HIGE FACTMF2
FSUE

#LOW FPE ;STORE
#HIGH FFE
MOUMF

1 CALCULATE "B" (Y = A% + BE)

ESCEZ croez sccembler for =o
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RCALC jCALCULATE CORRELATION COEFFICIENT

LDA
LDY
JSR
LDA

Lby.

JSR
LDX
LDY
JSR
LD&
LDY
JSFK
LDa
LDY

- JSR

JSR
LD&
LDY
JSR
JER
LD&

#LOW FACTMP3
#HIGH FACTMP3
MOUFM

#LOW FACTMF3
#HIGH FACTMP2
FMULT

#LOL FACTMPI ;STORE
#HIGH FACTMP!
MOUMF

#LOW FPSUMY
#HIGH FPSUMY
MOVFM

#LOW FPSUMY
#HIGH FPSUMY
FMULT

MOUVAF

#LOW FACTMP ;N
#HIGH FACTMP
MOVFM

FFDIV

#LOW FPSUMYY
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FDOZ»AEES
FL:oS» ZGEDS&E

FDOE*&eT T
FLGa»a@@ =
FDSCa2 88466
FDOF»&S&E
FDaleaEes
FDuzxzaCoés
FDA&*20ERFD
FDAG*SZDE
FDABxnEe 4
FDAaD*»4CaD&E

FDB@»
FDBB*ASPAF
FDE2x*AB&4
FDB4x28DF&7
FDB?*APCF
FDE9*ABR4
FDBB*284546
FDBE*ASD4
FDCexp@R4
FDC2%4C0445

FDCS»
FDCS®44z8
FDC7%442%
FDC9?%9CF784

" FDCCxSCFCe4

FDCF=9Ca18%
FDD2%9C8485
FDDS%9C8BAaS
FDD8%5C4983
FDDB*&@
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-,

. $or PL-DOS 2.6 vl SLl

"m
gl
m
(11
o
=)
(42
—
Ld
-

LDY #HIGH FPSUMYY
JER FSUE

" LDA #LOW FACTMF4

LDY #HIGH FACTMP4
JER FMULT

LDA #LOW FACTMFI
LY #HIGH FACTMPI
JSR COWNUFEK
JSR FFDIV

LDX #LOW FPR
LDY #HIGH FFR
JMF MOUMF

;STORE

LINREG2E ;CALCULATE Y AT 26 MPH

LDA HLOW INTZP

LDY #HIGH INTZe

JSR MOUFM

LDA HLOW FPA

LDY WHIGH FPA

JSR FMULT

LDA HLOW FPE

LDY WHIGH FPB

JMP FADD ' : .

RESCALVAL j;RESET CALIBRATION VALUES
STZ MCAND
STZ MCAND+1
STZ FFSUMX
STZ FPSUMY
STZ FPSUMXY
STZ FPSUMXX
STZ FPSUMYY
STZ HRTONT
RTS

Appendix
B

QI IRATITIITE SHEET

Moo ey ELF
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(113

adssemtler 47 FI-DOS 2.8 o

Wy

€]

1COBYRIGHT I19Es FROWNTLINE TEIHNO_OGY, IRC.
alazs RIDCOF ;RIDE COURSE
ATGI*ZP SERE JER EEEF
ACdaxsl44p7 ET2 TIMTRLFLG
ACAT»AT14¢% LDs RIDLEVEL
ACsCalimps BIE RIDCCR:
A&T4E»nGEs LDe #2SC
ACSe>2L850% €Th TIMTRLFLG :1IGNCRE PalK FOSITION
St RIDIORZ
ACSZa+20T2ED JER LOINITDAC
' ATZe»TCEBALZ STZ STARRTFLEG
ACSS+>TaEez STZ EXFF.LGE
AIDI*ZECzIS JER MENUL
ACSF*Za43a5 JER DERIRS DISPLAY COURSE
ACeZx26BL3 JER PRTLEVEL
ACESx204483 BIT TIMTRLFLG ;TIME TRIAL?
ALeB>2GER BMI %+T ;YES, FORGET PalK FOSITION
ACLA%Z2685EA JSER MENUZ2?7
AC&D*28eBRC7 JER MENUZEOFT
AC78%&48E STZ DIST
AC72x268804& JSF RESVAL
AC75%282E8% JSR RIDCURS
ACT7E= RIDCORS
C7Ex445F STZ KEY
ACTE»ZELICE JER KEYINL
AC?D*FaFE BEG *-Z
. ACZF>»C9l: CHMP #£1! ;START
ACS1*Daae?2 BNE #+5
ACB2x4Ca44aC JMF RIDCORS
ACBE%CP1 Z CMP #$12 ;EXFAND SCREEN
ACee=DREz BNE #+%
ACSA*4CO5SED JMP RIDCORéG
ACBD*C%1 3 CMP #¢13 ;RESET VALUES
ACEF=gae BNE RIDCOFR4&
ACP1%26&8BE JSR BEEF
ACP4%2888D¢ JSR RESvaL
ACS7%4CS340 JMP RIDCORZ
ACPAx RIDCOR4A
ACSAxT91 4 CHMF #3114 ;PREVIOCUS MENU
T ACSCxDala BNE RIDCOR4 ;INVALID KEY
#CPEx2694C0 JSR CHRLD
ACAI #4CEFSE JMP RUN
ACAg* RIDCORS ;START -
ACA4*2848RE JER BEEF
ACAT*ADBAB2Z LDA STARTFLG
ACAL*FROZ : BEG *+5 ;NEW ENTRY
ACGT*4CESAL JMP RIDCORSE&
ACAF*2803C4 JSR MENU1 ;REWRITE
ACEZ»AS8E LD& DIST '
ACE4%48 PH& -
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cavrn

LT
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ACT1»2Is

AT X2

-

ACCes»Zr
QLI ZEL

A--u’ﬁ“
BOCE»S0a

I "" 3
ro r J> T Iy I

Af' I",l »

ACDIxTS

AlDh
ACDH» 28 ZEE S
ACDD*AFEF
ACDF *ETE4E2
ACEZ»8473
ACE4*645E
ACE&»SE13

ACEE*
ACEE#AFFF
ACEA*STEECE
ACED»20040%
ACFe*»Zzl44E2
ACFE3»280 ¢
ACFS*28BEEA
ACFB*Z67TER

ACFBE*
ACFE*»209FAC
ACFE*AYE8Y
ADeox2D498 3
ADB3xPCeEEZ

ADa¢x
ADES*ALT S
ADBExBDL7ERZ
ADBEx*BD42E3
ADBE*2819EA
AD11#A54¢%
AD13%EDB 4R
Al &*ADE&
ADb18+8DE782
ADIB*RA&73
AD1D*BDD7082
AD2exDRSE =
abzzxrehbzeez
ALZex{ G20

. ADZ28*Farag

ADZA*AT20

mn

Teamn A —

AT T I

Ty

Car TN T €, N T

o on
Voo
N n
U §

)
-
n
(=]
[11]
oy —
-
R
Q
.
5
* o
:l
r
l

HEEH JMaAE AVD
LV SHRT

RIDCORSAT

i

FES WL
UFD&TE
DIST
RIDCURE
#$FF
STARTFLG
DGONT!
DISTLAST
RIDCORETEE

N e,
N —4 N gn M

ll

.,
[
R LI X e ) B ) )

-
o
I

sTA

e
IR A
£7¢

BRA

FIDCORSBA

LDA& #$FF 3 INDICATE NOW RUNMING'
STé STHFTFLG

JEF MtN“lh'”fT

BIT TIMTRLFLG

EMI #*+8

JSR MENU2ECLR

JER MENUZE

RIDCQRSEE

JSR IRGENAELE $ENABLE TI,
LDA #%

STA HRTCNT

STZ EXPFLG jCLR EXPAND FLG

Cet, CAl, CA2

RIDCORSAA

LD¥ DGCNT!

LD# BRDHEX,X $BET GRADE
8TAa BRADE -

JSR HEXASCSHRT

LDA ASCI+é

STA GRDASC+!

LD& ASCI+7

STA BGRDASC+2

LDX DGCNT1

LDA SIGNCx,X

STA GRD&SC

€T STGNN

CMP #eZz0

BEG RIDCORSAZ

LDA #3808 ;MAKE GRADE NEGATIVE

SUBSTITUTE SHEET
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ADZIxehezE
ATZF*8D04ze

AREZy

oz
FFACS
- .
GJ:S*H &8

aAnzlis
ADZI2845F
ADZE»SCFB&F

LTl
A7 SI*8DERBE
Aliear "C‘ 5’35::‘
ADG7*FB 3D
ADESCxLYL
ADAE*DAB:
AD4D*4C7DE!
ADS8*2CeBB2
ADS3%381C
ADSE2CP12
ADS7*DRE:
ADSY*4CEEBS
ADSCxCP12
ADSE*DRBZ
Al&E*3CANEL
ALEE=CF1 4
AaD&SxDans
AD&7%26£BEE
ADéA*n204
ADEC*288E5F2
AD&F%BaCE

AD71 %
AD71%C%12
AD73xDees
AD75%4CESB]
AD7EXCTLS
AD7axDECo
AD7C%284BBE
AD7FxA283
ADB1#2888%Z
ADR4*BBEC

ADBE*

ADBE*2642E7
ADBY*26D1B7
ADBC*204CB&
ADEF*282B8D

ADFZ*a5A4

OR&

STH

GR&DE

GR~IE

RIDCORERZ

JSKE
LD

GRADECAL
#1692 35

€Ta TIMERS

sTZ

RILCORSAE

§TZ

KEY

RANDISTSAVE 1€

SEI DEL&Y

[ ed

Rt

o

L

JMP RIDCORSF $GET PACHE SPEE

FIDCORSs

STe
JEF
BEG
cMP
BNE
JMP
BIT
BM1

cMP
BriE
JMP
cHpP
BI{E
JMF
CMF
BNE
JSK
LDX
JSR
BRA

RIDCORSCC ;EXPAND MODE

CHP
BNE
JMP
MP
BNE
JSR
LDX
JER
BRA

RIDCORE

FaiTHMEZ
KEYINNG
RIDCQORSE

11

¥+ 5

1STOP

EXPFLE §EXPaND?

RIDCORJL
#s12
*+5
RIDCORéE
#213
%*+5
RIDCOR® ;B&
#3114
RIDCORSAE
BEEF

#4 1ROW 4
HRBEEFTOGGLEL
RIDCORSAE

s EXPAND

sYES

s PREVIOUS

MEMU

s INVALID KEY

#212 jPREVIOUS (NORMAL

#+5

RIDCOR:2

#213
RIDCORS&E
BEEP

#3 ;ROW 2
HREEEFTOGGLEL
RIDCORS&E

RIDCORSB

JSR
JSKR

'_JSR

JEK

LDA

RPMCALC
CADCALC
HEARTCALC
ADAVE

TIMER2

v
-

SCREEN) MENU

-
-

l’l’

Ck TG PREVIOUS MENJ

e
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Hormezw

ADSGPF I
Al E* S
ADGE+TE B E
ADSH»JCZ2ZRE
ADFDEs ST
ALEESTC S
ADA L ®#qTFZF
QADmE»Ziaql T
ADmT*ICTE
AT S ¥ TR T
ADRE+DETS
ADADx 3 CEAF

ATIEE>
ADET+S7ES
AIEZF IS

ADE4*‘GE:E
ADB7*3
ADBG*ABBE
ADBA*ESSE
ADBT*AL73
ADBPExDDESBZ
ADC{%*DBS?
ahlS#EETE
ADCS+»9CDFE2
ADCR*A 72
ADCA*E4L72
ADCCxDRG S
ADCE»4C@FER
abD! xBDhoReZ
ADD4x%8D4263

. ADD7x2819BA

ADDAXLELS
AbDC*8DRse2
ADDF 24544
ADE1 *8D07¢3
ADE4*A£73
ADE&#EDD7RZ
AaDEYxcDBS83
ADEC«=RDZBE2
ADEF*CSZ@
ADF1%FR19
ADF2#aD4Za =
ADF&xBYEE
ADFB%8D428%
ADFB*BDD&E2
ADFEX*C9206
AERB*DEBA
AEBZ*A84
AER4*85a4
AEB&*ADBSB2
AEBS*EL4BRS

AEGC#

11le Ma

crc Accembler

BRED
LD
BE
JrF
LD&
BNE
JMF
EIT
Bl

LD
EE
JMF

RIDC
hUH

JSR
SEC
LDa
SpC
LDX
CMFE
BNE
INC
8TZ
LDX
CRY
ENE
JMP
LDA
STA
JSR
LDA
STA
LDA
STa
LDX
LDA
STA
STa
cMP
BEG
LDAa
ORA
gTA
LD&
CMP
BNE
LDA
STA
LDA
STA
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6500

RIDCORSC

TIMERZ

>+ 5

FIDCORSD

TIMERE

»+ S

RITCORTA
TIMTRLFLE 327

RIDCOFS= VES,

TIMERS

FIDICRTA

RIDCORSF

SKIF PalK FOE

ORSC
#o
TIMERS

DISTCALC

DIST

DISTLAST ;GET DISTANCE SO FAR IN Thls SEGMENT
DGCNTI
DETHEX X
RIDCORSCZ
DGCWTI
DGCNTFLG
DGECNT!
QPCNI
#4585 10k, NCT CDMPLET:_\ DONE

RIGCOR14 37FC0OR WO TOP

GRDHEX ,X

GRADE

HEXASCSHRT

AcCl+&

GRDASC+1]

ASCI+?7

GRD&SC+2

DGCNT

SIGNCX,X

GRDASC

SIGHN

#$ 206

RIDCORSCH

GRADE MAKE NEGATIVE

#2840

GRADE

SIGNCX-1,X j;WAS LAST SEGMENT POSITIVE?
#+20

RIDCORSCe ;NO

#1808 ;YES; LOAD S SEC DELAY

TIMERS

RANDIST

RANDIETSAVE

;OK, NOT THERE YET

R1DCORSCA

SUBSTITUTE SHEET
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AEET*ZESHET
AEQF» ZaRERF
AELZ>
AE12*»i €

AE; Z»~aT3
AEITsEESRZ
GEIE«=T5C

A 1A*EESE
AEICe
GEL1C»Z2EZEET

AEIF*3T414D
AEZIs
AEZZ*AT42
AE24%8542
AEZ&*ZBC3EE
AE29%204483

L AEZC*1063
. AEZE*4C41AD

"~ AE31=

AET1%18
AE22#4 588
AEZ4»FaEe
AE3&2/DE2E2
AEZFx&0LEEET
AE3C»BEBS

AERE*
AE3E*4DE282

AE41%4DB&B2

AE44x
AE44x8D8282
AE47%40B8182
AE4A%x£988
AE4CxEDR1IBZ
AE4F*ADBBRZ
AESZ%4500
AET4x3DeBE2
ARES7%%CgRB2
AESA#%3E
AESE*78
AESC*ADSDE3
AESF*EDB282
AES2%8DB562
AE&S*ADSCE 3
AESB*EDR1E2Z
AE4R*xBDE 482
AESE*ADSRBZ
AE71*EDBRB2
AE74%B8DE38Z
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a4z crocz ascsemib’er for FO-DCT Z.0 ol L,f
Moalle:
JEF GRmDECALL
JSR RANDISTCRLL
RIDCORSC!
cLC
LEy DGONT .
LI DETHEw=1,Y ;all- PREJICUS DISTaANIE

ALD DISTLAZT
STm DISTLAET

RIDCORSCZ
JSR RIDCURS
JMFE RIDCORSS
FIDCORSD

LOs TIMER!
STa TIMER2
JER UFDATE
BIT TIMTRLFLG ;@7
BFL #+5

JMP RIDCORSA

RIDCORSDE

cLC

$sYES, SKIP PACK POSITION

LDA TIMERS ;DELAY STILL ON?

BEQ RIDCORIDEA
LO& PHANTDIST+2
ADL RANDISTSAVE
ERa RIDCORSDOE

HS

RIDCORSDeBA
LDAa PHANTDIET+2
ADC RANDIST

RIDCORSDEE

STA4 PHANTDIST+2
LDA PHANTDICT+!
AaDC &0

STéa PHANTLDIST+1
LDA PHANTDIST
ADC #e

§Ta PHANTDIST
€Tz
SEC
SEI
LDA
sel
STA
LDa
secC
STA
LDA
SEC
STA

RPMDIST+2
PHaANTDIST+2
DISTDIFF+2
RPMDIST+1
PHANTDIST+1
DISTDIFF+1
RPMDIST
PHANTDIST
DISTDIFF

DISTDIR iMAKE POSITIVE TG START

SUBSTITUTE ayrey

)

“p
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AETTHSE
AETESERDZ
AE7~R41ECAF

AETD=
QETLeZT
AETE»=ETRZ
Q[ET»E=
GETIe=ll =
AEES»ESET
@ESTrADE IR
AESE»EFBRE
AESDxFE@3
QAESF e szl

- -

AESI#ATETEZ

AESS>
AZT4s3E

AEPS*aDESEZ

. AESE*EPTE

AEYA*¥aDE402
AESD*EF@ @

. AEGF*ADRZE2

AERZ*ES0E
AEAS4+»9BET
AEAE*AG2E
AEAS»4CETRB2

AEAD*

| AEMESZE

AEAC*ADBSEZ
AEAF*ES44
AEE1 *xDod8z
AEB4*E?BE
AEBS*ADB3B2
AERY*EYQD
AEBB*9685
AEBD*AY27
AEBF#4(CBCBZ

AECZ*
AEC2%3E
AEC3#ADESHEZ
AECé%EFSE
AECE*~DE40Z
AECB#E%060
AECD*ADB3EZ
AEDBXEY00
AED2%78Es
AED4*A%24
AED&*#4CBCB2

AEDY*
AEDP*38
AEDA*ADESO2

CLI

BCE

JMF RIDCORSDE NEGRTIVE

*+ 5

RIDCORSD!

SEC
LD&
gl

-l

sgl
LD&
SEZ
BCC
LDA
JHF

DISTDIFF+2

#ezZ ;1326 FEET

TISTLIFF+
#E
DISTDIFF
o
RIDCORSDIA
#45

FACHDISFE sFULL WINDLORD

RIDCORSDIA

SEC
LDa
}=]
LD&
sec
LDa
sec
BCC
LDA
JHMF

DISTDIFF+2

#1208 31208 FEET

DISTDIFF+1
#0
DISTDIFF
#0
RIDCORSDZ2
#43

PACKDISPE jFULL WINDLOAD

RIDCORSDZ

SEC
LDA
sBC
LD&
sec
LDA
sl
BCC
LD~
JMF

DISTDIFF+2

#16¢ ;1808 FEET

DISTDIFF+1
#0
DISTDIFF
#e
RIDCORSDZA
29
PACKDISP

RIDCORSD2A

SEC
LD&
SEBC
LD&
SEC
LDA
sBC
BCC
LDA
JMP

DISTDIFF+2
%60 ;80 FEET
DISTDIFF+1
#0

DISTDIFF

1

RIDCORSD3
#3E

PACKDI SF

RIDCORSD3

SEC
LDA

DISTDIFF+2

SUBSTITUTE SHEET
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AEDDEECZC
AEDF*sliBdaz
AEEZ»E~RE
AEE4»5DO2EZ
AEET»ECHE
AEEFs»SaRT
QEEE»=F 2T

i,
AEEDL#SLEIEZ

AEFE*
AEF@B*322
AEF1 ¥ADETEZ
AEF4#ESD2
AEFe»RDESRZ
AEFS»zTe@
AEFE+&DETEZ
AEFE*E~0 G
AFaEx°005
AFB2¥A”5249
AFB4>4CECEZ

+ AFB7*

AFR7®#APZ3
AFBFx4CBCEZ

AFBC*
aFac*ze
AFED*ADEIER
AF1B#ESDE
AF1ZxabadBz
AF I O*EFFA
AF 1 7%ADE 382
AF |A*EYFF
AF1C*B8&aT
AF1E=*A%P1 9
AF28%4CE7EZ

. AF23%

AFZ23%38
AFz4xaDRsAE2
AFZ7*ESEE
AFzyxaDR4B2
AF2C*ESFF
AFZExADB 282
AF 31 *EPFF
AF33%xBBaS
AF35*AFIE
AF27%4CE7EZ

AF3Aax
AFSA*3E
AF2E»~DOSE2
AFIE*EYPLC
AF4a*shie4ez
AF43%E9FF

- SBC

#&P el FEET
DISTDIFF+1
8¢

DISTDIFF

-1
RIDCOFE

ARICT
87

PalFDIEF

SEC
LD&A
Sec
LD
SEC
Bl
LD

JME

RIDCOREDIA -
SeC
LD& DISTDIFF+2
#4686 ;40 FEET
LISTDIFF+]
8

LISTLIFF

#0

RIDCORSD4
B3¢

PACKDISP

LD=
SET
LD
3=
gct
LD&
JMP

RIDCORSDA

LDa #3C jLESS THAN 46 FEET

JMF PACKDISF

RIDCORSDS
SEC
LDA
SEC
LD
SBC
LDA
SBC
BCS
LDA
JMP

DISTDIFF+2
#8308 §-1326
DISTDIFF+1
#3Fa
DISTDIFF
#eFF
RIDCORSDSA
#25 ;>1328 FEET OFF
PACKDISPG

FEET

RIDCORSDSA
SEC
LDA
SeC
LDa-
sBC
LDA
SBC
BCe
LDA
JMP

DISTDIFF+2
#eEs ;-12@ FEET
DISTDIFF+1

HEFF

DISTDIFF

HEFF

RIDCORSDE

#27 ;>128 FEET OFF
PACKDI SF&

RIDCORSDé

SEC

LD& DISTDIFF+Z

"SBC #¢9C ;-18& FEET
LDé& DISTDIFF+1

SBEC #%FF

SUBSTITUTE SHEET

;FULL WINDLOAD

sFULL WINDLOAD
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WO 89/01806

Hyurtes:lie Mezr

AFAS»ADE ZE Z
AFAS»EGFF
FELERTEET
ATACEACLF

AF4E»SCEBCES

AFSL >
AFSL3E
AFS2x4ES0Z
“FES*ESEC
AFET»ADRSGZ
AFSAXESFF
AFEC»ADAZAZ
ACSF*EGFF
AFslsEnel
AF &2+ 20

AF¢S#4CECEZ

AF&B*

AF 838
AF&o»ADESEZ2
AF4C*ETCS
AFSE*ADEB4EZ
AF71 #ESFF
AF73xADE3EZ
AF7E¥ESFF
AFTESERET
AF7AssS 21
AF7C*4CEBCEZ

AF7F*%
AF7F%38
AFgaxADRSEZ
AFB3*EPDE
AFB85*¥ADB4B 2
AFEB*EPFF
AFBAxADBZ0Z
AFBDXESFF
AFBF*#ERBT
AFP 1 %A%22
AF?3%#4CEBLE2

T AFSex

AFP4%AF232
AF?8*#4CBCBZ

AFPB*
AFSB*API7
AFPD%85AS
AFPF#20A5AF
AFAZ2%4C41AD

AFASH
AFAS=4DTDE 3
AFAB%29067

LDA
SEC
Bce
LDa

RIDC

SEC
LDe
SEC
LD
eBC
LD
sel
ECS
LD&

JMF

.=

- - - A
 mEzember [

DISTODIFF
HeFF
RIDCORSD&es
LJCH

PACKDI &F
ORSD&&

DISTUIFF+2

#eCl 3-8 FEET

DISTDIFF+1
#eFF
LISTDIFF
#3FF
RIDCORSLT
#22
PACKDISP

RIDCORSD?

seC
LDA
SBEC
LD~
sBC
LD#&
sl
BCS
LD&
JMF

DISTDIFF+2

#$C4 ;-&é@ FEET

DISTDIFF+1
HSFF
DISTDIFF
#EFF
RIDCORSD7#
#2z

PACKDI&F

RIDCORSD7A

SEC
LDA
SBC
LDA
sec
LDA
sec
BCS
LDa&
JMF

DISTDIFF+2

#¢D8 ;-48 FEET

DISTDIFF+!
#EFF
DISTDIFF
#SFF -
RIDCORSDE
#34
PACKDISF

RIDCORSDS

LS

. Croee

LDA #3235 ;LESS THAN 4@ FEET BEHIND

JMP PACKDISF

RIDCORSF ;CALCULATE PACK POSITION

LDA #23
STA TIMER4

JSR RANDISTCALC

JMP RIDCORSA

RANDISTCALC

L& RPMDICT+Z

AND #7

19

FL-[0E Z

sczember for
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WO 89/01806

Hurmdev-ile Msa:

AF&as» B
AFAE *e
AFAC*EEAT
AFAF»ZETg
AFB{ *BDESSE
AFE4» 2571

&FECZ*ZE
AFEI*ZECL
GaFEFx0s

AF ZE>E8
AFCI*Ga

A: *@H
GFLS*HE4:i3
AFCE*2¢7F
AFCA¥1 &
AFCB»&5E8E
AFCDh=an
AFCE*aDZBE2
AFDLI*CP2D
AFD3%FQ1 €

AFDT>
AFDS*BDE2SE

AFDE*
AFDLE*2SDhs
AFDAXZABFFES
AFDD*AS7a
AFDFxQa471
AFE1 %208%4¢&
AFE4*28FBse
AFE7*45DA
AFEY%x8DGBsAZ
AFEC*4&8G

AFED*
AFED*ED725C
AFFB*B80ES

AFF2¥
AFFZ%A%84
AFF4%83A7

AFFé%28878A
AFF?*20BD8Y
AFFC*ZB4ESY
AFFF*281 984

B&EBZ*»4C41AD

(A

T

(]

AS. f 3 F2

T

LD&a MULTADDF =

STA INDEXA4

LDa MULTADDE+S (M

STa INDEx&a+t

JEFE RDNVFAL .
D& RIDLEVEL

SEC
SEo

AtL

#: MArE @-&
A
ASL A
~
=

1¥1¢ (FOF 1& GRADEZ:

ASL

asl

€T& ASAUES

Lhm GRADE

AND BT

Cl

Qu.’u ASAVE?R

TA’\

LDA SIGNN

CMF #7=/ NEGQATIVE?

BEQR RIDCORSGZ

RIDCORSG
LD& BASEDRISTP,X

RIDCORSG!
STA FACLO
JSR NORMAL
LDA INDEX4
LDY INDEX4+1
JSR FMULT
JSR GINT
LDA FACLD
STA RANDIST
RTS

. RIDCORSG2 j;NEG&TIVE SLOPE

LD& BASEDISTN,X
BRA RIDCORSG!

RIDCORSH
LDA #&
STA TIMERS

JSR SPEEDDIVIS
JSR WINDCALC
JSR POWERCALC
JSF DACCaLC

JMP RIDCORSA

SUBSTITUTE SHEET

semiler &SI¥Z creoez esszem:’
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WO 89/01806

Humtsuille Macro

BaGSs
BoES+Z0:E

BEGESASFF
BE1g=3IT0E6Z

EC:Z+3 5880
Boig+~2
ECICxZ26E88Ds
BAiFxZaC3PE
Bezz»SE

B ZZ»430E
BeZSesTI0
BezZv»ES8F
BEZ5F»28R345
BazZC»44EE
BeZE*&459
Ba38*SE

B@ 21 *222EE3
BB 24%ASFF
BE3&xBDRAG2
BB3¢»4473
pezEx9CDFRZ
BOZE»&£4%E
BespxalCELD
Bad4sxsha2ez
BG4&»281 9B
BB4P%AD4S
Be4E»BDE SR
BB 4ExAS&A
BesaxgDeve2
BBE3»4CSERS

BaSé»
BeS5«>»2008BY
BEES*&SFF
BoSE*xEDGBAB2Z

BeSE*
BRSEx20448%
Ba&1*308¢e
BB &3%x28BEES
Bo&&x280FEA

Ba&o*»

BB49%2683C5

BoéCH
BB&Cx&45F
BesEx22D3C2
Be71%FQGFE

- 8TZ

FI1DOORe
JSF BEEP
JSF MENL
JER FRTLEVEL
LD& #HEFF

STh EXFELE

ETHRTFLG
»+ 5

LD
EED

JHMF

- SE1

JSFE RESVRL
JSR UPDATE
cL1 3~

e
-l -

LD&
ETA PNT7+!
JEF
€TZ

-
€Te

cLl
JSR
LDA
sTA
sT2Z

RIDCURS
#SFF
STARTFLG
DGCNT!
DGCNTFLG
€TZ DISTLAET
LD&
sTH
JSR
LDA
sTA
LDA
ST
JMP

GRADE

ASCI+4
GRDACSC+]
AECl+?
GRD~SC+2

RIDCOR&AE
JSR EXPCALC
LDA #$FF

€Ta STARTFLG

RIDCOR&A!

EIT TIMTRLFLG ;TIME TRIAL?

g1 *+8 3YES

JER MENUZECLR

JSR MENUZ?7

R1DCOR&AA

JSR MENUIHEOFT
3°STZ MMFLG jFOR SCROLL

RIDCOR&&A
STZ KEY
JSR KEYINI
BEG *-2

SUBSTITUTE SHE

$ELFAND

HEX&SCEHRT

RIDCORéAI

iNEL ENTFRY
FiDSORe™E

IeLLY LOaD

>

GRDHEX $GET 1E€T GR&DE

FNT7

IN MIGD
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§2

Hurteviile Macrc Acssembler ES5C8Z creoes zczemble-
BETI»IC CHiF #E11l START
BE7S+DGa3 ENE #+%
BETT+3CLRE: JMF RIDCORIL
Ba?asCc CHMF #2112z jRESZZT UVARLUES
B(‘:*Ii(’ BMNE 245
BE7E+4CZE2 JME RIDCOF&ST
Bes: :712 CMF #2.2 (FREUIOUS MEWL
BeSI+TO0GE BNE *+5 '“TE“*

$ENE RIDIORAA jINVALID KEY
Be3T#+4l3ZEL JMFE RIDCORT
Bezz»C%14 CMF #2114
RagcAa+DEER BNE RIDCORES

1“TEST
BeSl+Ze&BSE JSF BEEF
BagFxzCCZzZe% EIT MMFLG 3&NY COURSE LEFT?
Bas2*1a@%5 BFL RIDCOR&AZ YES
Be9429CC265 §TZ MMFLG 3RESET TO @
Bes7+8¢17 BRAa RIDCORSAT 3RESET AND RTN
geso= RIDCOR&AZ
BesFx2683C4 JSKR MENUL
BeyC*28232CT JSR MENUIHEOFT
BaSF=x28RSaS JSF. DSFCRSE1

s BCS RIDCORSAM ¢NOT DONE YET

;‘um #EFF JFINISHED

ST MMFLG

BoaZx RIDCORERX
BOAZ%284EC3 JSR PRTLEVEL

s JER TEST
Be8AS*2C4462 BlT TIMTRLFLG ;TIME TRIAL?
BeAE*3062 BMI =+5 ;YES
BeAAXZ28QFEA JSR MENUZ2?7
BBAD%x4C<LCRE JMP RIDCORéA
BeEBE* RIDCORSAT ;RESET VALUES
BeBe*2888D¢& JSR RESVAL
BBE3*4CBSEDS JMP RIDCOR¢
BBRéx RIDCORSE jEXPAND WHILE RUNNING
BOE&*2E48BE JSR BEEP
BeE?*2683C4 JSR MENUL
BeBCx2e28CS JSR MENU1BSOFT
BOBF%28&BCR JER PRTLEVEL
BBCZ*ASFF LDA #EFF
BuC4x8DoER2 STA EXPFLG
BoC7x2aDSE8 JSK EXPCALC
BaCax2C4482 - BIT TIMTRLFLG ;TIME TRIAL?
BaCDx=30e¢ BMI #+8 'YEQ
BOCF*20REEA JSR MENU2BCLR
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WO 89/01806

"Hurtsuills Mzcro Ascembler

BODIs I TFER
BECS»4CHEAD

ERDS»
BRDEX2BTZF4
BEDE»=SEE
BaDD*SSDA

BGD=#ziS el
&

- 5

-

ECEEsTCizEl

EC=i=
BCFix1E
BaFz»BDEYRBZ
BoFSxeDb2222
BoFgxglhzze2
BEFE*E473
BeFDxFaQz
BeFF*EE
Bieg*DBEF

Bie2#
Bl1G2+CEFF
BiE4*2E
E16S»40Z2262
Bla&sESEE
Bl @A»2555
BiegCxnze4

BigEx
BlGE*ES®S
P118x95%4
Bliz*xCaA
B112x18F¢%

B115*ASSE
B117»4¢%
B118%28E54AT
Bl 1E*¢8
B11C*E58E
BI1E»9C15@2
Blzl%448¢8
B123%44BE
B125%A%3¢
B127#B856F
B129#A&73
Bl 2BxEDEBRB4

B12E*2687E3
Bl121x40

S

)
&SCEZ cross

JSF. MENUZE
JMF RIDCORS==

EXFCALC
JeER RDYFEAL
LDA DIST
STa FRCOLD

JER NORMKL

JEFE MULLG

LO» #LOW DISTE
LIy ®BHIGH DISTé
JEF MOVHMF

LDX #¢

€Tz DETTOT

EXFlaLCE

- CLC

LD& DSTHEX,X
ADC DETTOT

sTa DSTTOT

CPx DGONT!

PEG EXPCALCC

INX

BNE EXPCALCE ;ALWAYS

EXPCALCC

&TX BYTLIST
SEC
LD
sel
STA
LDX

DETTCT
DICT
DISTZ
#4

EXPCALCD
LD& DISTS,X
§Ta DIST4,X
DEX
BPL EXPCALCD
LDA DIST
FHA

JSR DSPCRS®:
PLA
sTA
STZ
cT
8TZ
LDA
STA
LDX
LDA

DIST
LAPNR
NREYT

#3220

PNT7+41
DGCNT!
SEGADDR+1 ,X

JSFk RIDCURSE
RTS

SUBSTITUTE SHEET:

azeamI:

er

PNT7 sARTIFICIALLY LOAD PNT7 IN MIDDLE OF SCTRESN
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BIZZ*28&EEE
BiZS»7C@ECT
B138*AQSEE
Bi3s*»aS
BiZE»ZGE 30
e
BEl1di®zeeBI3
Bl144>Z260EC7
Bl47» &8
Bi4S»25EE

BidasZeTzE:

B14D*2C443Ez
BISe>zaez

BI1SZ»Zr@5ES
B155#4C78AC

BiSE*
B158x9C2282
BiSBx&scy
B15SD*A266

BISF*
BISF*E473
Bl&txFeeD
B1&3*1¢
B144*EDETRZ
B1&7%8D22082
BlémaxRD2262
Bl &D*ES '
B1&ExDAEF

Bi17ex
B178%0473
Bl172%FpgsS
B174xBDFFE3
B177%8588

B179*
B179%28FSE3
B17C=40

B17D#*
B17D*#Z8E4C3
B1B6*EEBRB2
B1E3%2848BE
Bi18s*»2C8REZ
BiB%%180E
Bi8B*x2C4483
Bi18BE*3004
B198*26BEEA
B193%28B%EA
Bi15s%4Cé7B0

WO 89/01806
Hunteville Macro fcsecembler &EI8I croes zzzemtler
BI13Z» RIDCORT ;COMFERESS DISPLATY

JER BEEP

€TI EXFF.G ;CLR EXPall FLAG
LDA DIST ;SAUVE [IET

PHA

JER MENL

JEF DSPCRES

o gnmer o= e
JER FRETLEVEL

- JSF MENUZETST

FLA
ST& DIST
JSR NORMCALC

EIT TIMTRLFLG ;TIME TRIAL?
Brl *+8 YEZ

JER MENUZZ :

JMF RIDCOR4 ;FOR NOW

NORMCALC
§TZ DSTTOT
STZ NRBYT
LDX #g

NORMCALCA

CPX DGCONTI

BEG NORMCALCE™

cLC

LD& DETHEX X

1D DETTOT

STw DETTOT

INX

BHNE NORMCALCA ;ALWAYS

NORMCALCR

LDX DGCNT!

BEG NORMCALCC ;8, SKIP REST
LDAa SEGADDR,X :

STa NREYT

NORMCALCC
JSR RIDCURSE
RTS

RIDCORE ;STOF

JSR STOPUAL ;PUT SOME VALUES TD ©
INC STARTFLG ;PUT BACK TO €81
JSR BEEF :

BIT EXFFLG

BPL RIDCORSA

BIT TIMTRLFLG

BMI %+8

JSR MENU2ECLR

JER MENUZ?

JMF RIDCORé&AA

SUB’ST! TUTE
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A¥

BioraZL 4403
BioIsR0is

El1a7+alTomt

Blane

BE1BPT>
BiEBS»sST2
BIET®EDEETF
P1Baxzas2CS
BIBD*4CECEE

BiCe*
B1Ce»205FASD
BiC3*ADBAEZ
B1C&*FE15
Bi CE*ATFF
B1CA*EDEBARZ
BiICD*20&EEE
B1DE*2626CS
BE1DE* 204403
BiDéx300c
BiDE»26EEEA
B1DE*287FEA
B1DE*4CB&AD

BIELI*

B1EI *APFF
B1E3xgDheAEB2
Bi1E&*4CEEBO

BIES*
BIE9*2048EE
BIEC*9CRER2
Bl1EF%2003C4
BiF2%20804CS
BIFS%206EC3
BIFB*ASBE
BiFa*42
BiFB*2043A%5
B1FE*48
BiIFF#85S8E
B2681*205¢EE!
B204%2C044€3
BZB7%38¢3
BzZo %20 7FEA
BZyC*4CFBAC

WO 89/01806
cs
"Huntcu:lle Mazro fAszembler &SI82 cross zesemben fo-
EBiCrs FIDCORSA

EIT TIMTR.FLG
Bl %+8

JESR MENUZECLR
JSF MENUZ?
JeR MENUZGOFT
JMF RIDCORA

FIDTORS sB&TH TO FREVIOLS MEWL

LDe #ESS 3TL, Cal, CARZ, CEI IRI CFF
€T &7FFZE

JEF CHRLD

JHME RUN |

RIDCORLIE

LD BEST gC&l, eI, CED IRD OFF

" eTa $7FEE

JEF MENUIHEIFT
JMP RIDCORéA

RIDCOR1Y

JSF IRGENABLE

LD& STARTFLG jPREVIQUELY RUNNING?
BEG RIDCOR:1& NO

LD& HEFF

8T& STARTFLG jINDICATE NOW RUNNING
JER BEEF

JER MENUIBSOFT

EIT TIMTRL_FLG

BMI %48

JSR MENUZECLR

JSR MENLI2E

JMP RIDCORSA

RIDCORI1A

LD& #2FF

STA STARTFLG
JMF RIDCOR&E -

RIDCOR!2 ;BACK TO NORMAL DISPLAY
JSR EEEP

§TZ EXPFLG ;CLEAR EXPAND FLAG
JER MENU1

JSR MENU1ASOFT

JSR PRTLEVEL

LDA DIST ;SAVE DIST

PHA

JSR DSPCRS

PLA

STa DIST

JSR NORMCALC

EIT TIMTRLFLG ;TIME TRIAL?
BMI *+5 ;YES

JSR MENUZE

JMF RIDCORSEE

SUBSTITUTE swiggr
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WO 89/01806

B2ev»>
EZaF» @8
ZIZEZERSIT
Zi5xZeC3EE
Z1E$ZReTIT
S1E¥ZIRERZ
EZiEsiREC
ESZeszeE=lT

e T aaTTIIDT
| Shedeict o= Sy

'

1)

-
S S

EZ224»266BC7

PYSCH

- don i

eyt A AC A
225 2T84E2

BZZCTr3abs
E2ZE*2BBEES
231 xzeb5EA

£2234»
EZ34=845F
BZ234x2¢D03C2
B23%*F2FB
B23E»C911
BZ23D=*Deaz2
EZ3F#4C/&BZ
BZ&zZ>2T0EEZ
BzaSx3627
BZ47x»LF12
B245xDpg3
B24E*4C@5SER
BZ4E*L513
825exFee?
B252>I%14
B254xDRDE -
B25é%4CaaB1

B259#

BzTP*2848RE
B25C*9CeAB2
B25F*265BES
BZ&42x2888D¢&
B2&5*Z@C3BE
B248%282EEX
B24B*4C34EZ

B24E*
B24ExC?13
B278xD863
B272%4C7FE2
B275%C712
BZ77+*DEBE

BZ79%2648BE

B27C*4CS3aC

"BER

EIT

RIDIOR:IS
JEE =r
JER
JEF
JER
EIT
ERL
JER

3 LR g
JHF iR IRT

- - g
STaPVaL
1oy s

UFD&TE

ExFF_Z
IDIORI4E

RIDCARIGE

JSF MENUZSOFT
RIDLCF:ISE

EIT TIMTRLFLG
EMI #+&

JSF. MENU2ZCLE
JSR MENUZ7

RIDCOR14D
§TZ KEY

JSR KEYINI
*-3
#e11
%+ 5
RIDZORIS

CHMF
BNE
JHMF

Bl

CHF
BNE
JMF
CMF
EEQ
CMP
BNE
JMP

RIDCOR4F

®+5
RIDCGR&
#3212
RIDCORI4E
#14
RIDCORI4D
RIDCORY®

EXFFLG (EXPAND?

S CTrQsE &t

Hets

MENUIHSOFT

;CLR MENUZE

;START

$YES

#$12 ;EXPAND SCREEN

sRESET VALUES

s PREVIOUS MENU

RIDCOR14E ;RESET VALUES

JSF. BEEP

STZ STARTFLG
JSR BLKCURS
JSR RESVAL
JSR UPDATE
JSR RIDCURS

JMFP RIDCORI4D

RIDCOR14F
tMpP
BNE
JMP
CMP
BNE
JSR
JMP

%+ 5
RIDCOR14G
#2312
RIDCOR14D
BEEFP
RIDCOR3

SuUB

#£13 ;RESET VALUES

s PREVIOUS MENU

s INVALID KEY

I T TN R e i
e B A Lo
' 8 k5 O P oAl P

€

B)

4
=

13

embler

13TOF AT END OF COURSE
{PUT SOME VALUES TC @

MEMU: ZSOFT 1ER&CE SOFTKEYS
$EXPAND T

=T

YN
F‘. -2z
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Hunteville Macro Assembler &SI8Z2 crose sesembler for

BZT7F>
BZTF»204E8EE
B2Ez*ZeEEDS
BZET»FlonlE
BZzgE»2063C4
E2EE®ZBM3INT
BZEEX20BC3
EZF1#68EE
E:¢:+c4v¢
EZ¢T*Z0ZEES
EZFE*»C0E2IT
BZ25E%x2C4463
BZSE»Z0ES
BZaa»ZEaSES
E2RZ+4l34E2

BZAdé*

B2A&*»SCRARE
. B2A%x208EDé
. B2ACx2CeBe2
: B2AF*3683

o B2B1#4CA4AC
B2B4%4CCEEL

E2E7+
E2E7%5C4585
BIZEA*EA0S

B2BC*
BZBCxA2FF
, B2RBE*BELP25

B2C1*
B2C1#48
B2C2xA510
B2C4%E5008
B2C4*AT1 1
B2CE%85p1
BZCA*AZ285
B2CC*A/noe

B2CE*
BZ2CE*A%80
B2De %9180
B2DZz%Ca
BZD3%F8esS
B2D5S*287F&7
B2DB8#%B88BF4

B2D& ¥
B2DA*48
PZDE*E580
BzZDD%B8%18

RIDCORIGO

JEF BEEF

JSR RESVAL
STZ STARTFLG
JSR MENU!

JER DEFLRS
J&R PRTLEVEL
evz DIET

ST [ISETE

JER RIDCURS
JER MENUIHESOFT
BIT TIMTRLFLG
B4l #+4E

JER MENUZT
JMF RIDCORIGE

RIDCOR!S ;START AFTER COURSE ENDED
; JSK BEEF

8T2Z STARTFLG

JSR RESVAL '

BIT EXPFLG ;EXPAND?

BMI #+5 YES

JMFP RIDCORS

JMF RIDCORI!

PACKDISPR 3;FULL WINDLOAD
8TZ WINDLOADFLG
BR& PACKDISPGO

PACKDISF ;DISPLAY IN PACK POSITION -
LDX #H3FF
STX WINDLOADFLG

PACKDISFg@

PHA 3SAVE POSITION
LDA PNTE

STA ADDR

LDA PNTE+!

STA ADDR+!

LDX #5

LDY #8

PACKDISPI

LDA #8 ;CLEAR EXISTING PACK
STA (ADDRY,Y

DEX

BEG PACKDISF2

JSR ADD4@ .

BRA PACKDISP!

PACKDISPZ
PL& ;GET POSITION BACK
8T4 ADDR
€TA PNTE

- - SUBSTITUTE SfieeT
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Hurteville Macro Assembler «SCB2 crocs zzsembler for PO-DOS 2.8 wi. 22l

Module:r EBlIr iz

E2DFaeTE LD& #SZ6
ZE1 #8581 STA ADDR+!
BEZEX»=205 LDx #=
B2ES»aRa0 LDV &6
B2E7* PACKDIEPZ
BIXET7*RSFF LD #EFF
EZES»S16E ETA (ADDR:,Y
B2EE>CA DEY

2ET>FEES EEC PATKDISF4
BZEEXZUTFAT JSR ALDAE

2F1 *88F4 ERA PACKDISF3
E2F3 PACKDISF4
EXF3»40414D JMF RIDCORSA
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°d

KL LY )

." -..l
U I (]

TR

a0 e
A

0

e.
=
g
e
g
&
B
8¢

WS Mey Oy

%84
gre4
gres
gree
BYEE
B8YED
BYEF

gees A

gse4q
£5sé
gyo%

BP%4A
894
859D
ByAD
&9a2
B9a4
8YA7

" BPAY

BYAE
8YAE
ByE®
ByE2
BYBS
8987
8YBY
8¥BC

89BD
898D
BPBF
85C1
B?C4
B87C4
89Cs8
89CE
B89CD

a0
Yo, 0

Moy, e

I D
n.

Dl

b |

S
H 6y

D
0,

= D

DOl Ol 31
.1

0ty
ooy

m &om

~

L)

o

DR

o

«D4263
287548
AFD3
ABER
284544
APCE
ABé3
280445
AFSE
ABB4
204566
AZ90
ABB4
20aDé8
é8

AYY8
ABAg
28DF &7
APE?
ABET
286566
AYEZ
AB&E

Module:

:COPYRIGHT 198&. FRONTLINE TECHNCOLOGY, INC.
POWERCAHLL ;CALCULATE FOWEFR

LD&
LDY
JER

LDS
LDy
JER

#LOL' FPGRADE
#HIGH FPGRADE
MORIENM

#LOW FFRWIND
#HIGH FPWIND
FabD

POWERCALCE

BIT
BFL
sTZ

RTE

FACSHN (NEGWTIVE?
FOHERCALCY
FFFOWER ;YES, MAKE @

POWERCALC!

LDA
LDY
JER
LDA
LDY
JSR
LDX
LDY
JEF
RTE

#L0L FPSPEED

#HIGH FFSPEED

FMULT

#LOW INT@447 ;@.0447 (MPH TO METERS/SEC, DIV EY 162
HHIGH INT8447

FMULT

#LOW FPFOWER

#HIGH FPROWER

MOQUMF

GRADECALLC jCALCULATE GRADE POWER

LDA
JSK
LDA
LDY
JER
LDA
LDY
JSR
LDA

_LDY

JSK
LDX
LDY
JSR
RTS

GRADE

FLOAT

#LOW INT4448
#HIGH INT4448
FMULT )
#LOW INTB17S8
#HIGH INT@L178
FADD

#LOW FPWEIGHT
#HIGH FPWEIGHT
FMULT

BLOW FPGRADE
#HIGH FPGRADE
MOVMF

WINDEALC

LD&
LDY
JSK
LDA
LDY
JSk
LDA
LDY

H#LOW FPWEIGHT

#HIGH FPWEIGHT

MOVEM

#LOW INT2€5S ;8.8882855535¢
#HIGH INTZ28S

FMULT

#LOW INT22¢é ;0.882286647
#HIGH INT2Z¢
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Humtevilie Macro fesseToier 65082 crocee acsembler for PL-DOS 2.2 vi,
Mosuele:

8SCF Zea4eT JSR FalD

8FDZ AZs3 S LDx #LOW F4CTHMF

geha ALCS LOr #2106~ FulTHF

8¢[:é zpaDéet JSR MILMMF

el ASSS LD #_0u FREZFEEDIE

ETLE QRS LY #-I1GH FFSFEEDIG

LD ZRCS&e JEF CONUFE

BFES &HFE LOs #LOW INTZ 172

BPEZ Afé LIy #HIGH INTZ

N\

o BUCU
L
(I 3 BX) B
32

8¥Eq DEET JERE MOVFM

BFEY 2e¢ZeE JSE FPWFET

B¥EQ AFs3 LDa 80w FRCTMF
@FEL &ETZ LDy #HIGH F&aCTME
EFEE 2EsTed JER FMULT

E%F1 ADeRET LD WINDLOADFLG
8yF4 Deetd BNE WINDCALCZ
89F& WINDCALC!

BPF& AZA2 LDX #L0OW FPWIND
EPFE AGs LDY #HIGH FPWIND
8YFA 288D¢E JSR MOUMF

BYFD 68 RTS

8%FE WINDCALCZ

BPFE APGF LD/ #L0u INTPT? :8.7¢€
8ARE Alicd LDY #HIGH INTFT?
BABZ2 2E&TeE JEF FMULT

8RBT BEEF BR~ WINDCALCH

BrE7 SPEEDDIViG

BRB7 AYEE LDA #LOW FPSFEED
BARY ABE4 LDY #HIGH FPSFEED
8RABE ZBDF&7 JSR MOUFM

BABE 283B&7 JSR DIVi@

841l AZF3 LDX #LOW FPSPEED18
8A13 ABE4 LOY #HIGH FPSPEEDi®
8415 208D4e JER MOVMF

Balg &8 RTS

galy PAGE
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4
Humtsw:lle Macro Acsembler &5CBZ croze agsembler for FI=L2T Z.2¢ wi,
Modut e

ga1e DaCCALE 3CALCULATE DAC VALUE AND LOaD
16 ZoZzF4a JERE RDYF#C
8a1C AD4GRES LDA aDTOT+!

BriF 88l €Ty FACLD

BLZ: ADLPES LDa ADTOT

~z84 BTDs ST FfailMl
EaZe Z£TTLT JEF NORMAL

gazS ASC4 LD& #LOUW INTS74T 1.88F7685£25
E=ZE mes3 LDY #MHIGH INTS74S

B8Rzl 2084586 JSR FMULT jNORM&LIZE TO VOLTS
8820 w205 LDx #L0W FPsCC

5T ALY LDY #HIG= FFACC
&m34 2e@Der JSF MQUMF

BASTY ASCT LDa #L0W FFACC
BAZ? ARBE LDY #HIGH FPACC
BASE 20456& JSK FMULT 372
BA3E A993 LD& #LOW FPSFEEDIG ;SPEED/L@
8448 ARG4 LDY #HIGH FPSPEED!®
B4z 2084544 JSR FMULT

8A4% AFFé LD& #LOW INT146E ;14.8%
BA47 ABLS LDY #HIGH INT1488
8Aady 286564 JSR FMULT
BARALC AZ242 LDX #LOW FACTMP

BALE ABB3 LDY #HIGH FACTMP
8aSe 2eeDéE JSR MOUMF ;SAVE

™SS ATDE LD& #LOW INTI
BATT ABES LDY #HIGH INT!
8a5S7 ZBC9E& JSk CONUFRK
BASA A%P3 LDA #L0W FPSPEED!L®
BASC ABG4 LDY #HIGH FPSPEEDI1®
BASE 28DF¢7 JSR MOUFM

BAs! 28EAFD JSR FPDIV iV
BAs4 ASZY LDA #LOW INTE
BALS ABLS LDY #HIGH INTE
BALE 28C%64 JSR CONUPK
8ALE ASDE LDA FACEXP ;GET READY FOR FPWRT
B8ASD 28%24B JSR FPUWRT
8a70 APFEB LDA #LOW INT12832 ;8.12832
BA7Z AL LDY #HIGH INT12832
BATY4 206Séé JSR FMULT
BA77 2084548 JSR MOUVAF
BA7A APBD LDA #LOW INT!12982
8A7C AB44 LDY #HMIGH INT129e2
BA7E 28DF&7 JSR MOVFM
8AB! 28FB44 JSR FSUBT
BAB4 APE3 LD& #L0OW FACTMP
BABS ABB3 LDY #HIGH FACTMP

BABE 284%66& JSF FMULT
8ABRE APFZ LDA #LOW FPM

B8ABD ABB4 LDY #HIGH FPM
BABF 284544 JSR FMULT
BAT2 AZ42 LDX #LOW FACTMP
BAYP4 ABD3 LDY #HIGH FACTMF
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Honteu-1's Meoreo Szszami-ter oSI82 cress acsemtler for FLO-L[OS 2.4 :

JSF MIMF

o
T
£
L]

N\
<
Dt
ry
(12

D)

BaSs ASSE LD#& #i(n FREFEELL@
B5TE ALES Li* &=:d= FPSFEEDIG
EASD 23IFeT JER MO
BARE ASDE Lhe #LOW FRU

BaaZ ARDS I+ BFIGs FRU
Baws 26:Se: JER FHLLT )

ST AZTA Lw #LDl FRARDE
BRAT ABES LDv #r=IGE FFASE
B4aE ZBODEE JER MOUMF 3 SSUE
BaHE ACEE LD~ #_0. FRSFEECIE
BaId &ERS Loy #mIGs FRIFEZILE
85I ZEDF:T JTR MILF
EHES AT L0+ BLOL FREFEEDIE
BHET ABES LDY #HIGH FPSPEELIE
BAES 20&Sed JSR FMULT

coe

@®
g
m
[ ]
n
]
m

LDa #.0W FPUZ

BAEE AbR4d LDY #HIGH FPVZ
e 286564 " JSR FMULT
BACT AFCA LD 8L0W FPARREG
8aCT AkED LDY- #HIGH FFARG
BA4C7 288445 JER FADD .
BACA AP LD& 8#L0W F&aLTMP
84CC ABRS LY #HIGH FaCTMF .
BATE 2802&T JSF FADD
801 A2ZT W= BLTY FPRRWE (RESL POUER
B/LT ARES LDY #HIGH FFRRUFR
84DS zeuléE JER MOVMF
B8ADE DACCALCY ;KEEF RURIING STACH OF 1@
8~DE 1E cLe
B8ADY ATEZ LDAa #LOW FPRPURSUM+4E
8ADE &322 STé4 PRTLI?
&~ADL é%e3 ADC #3
8ALE 8526 STa PNT1é
BAEL AFe4d LDa #HIGH FPRPWRSUM+40
BAES BTZ2 STA PNT17+1
BAES é5¢E ADC @
B&4E7 8I21 ETé PHNTLé+]
BAEY A26& LDX #2
8AER DaCChLCIR
BAEE QBRS LDY #4
BAED DACCALCI
BAED Bl12Z LD& (PNT17),Y
BAEF 7128 - STa (FNTI1&),Y
8~F1 BE DEY
8AFZ 18F9 BFL DACCALCLL
8aFa Ca DEX .
8~FS 3613 B4l DACCALC1Z o
8AFT ZE SEC
BAFE AT2Z LD& FINTL?
BAFAa BT2€ STa PRT1E
SRESA
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°

2 croe: ascem-ier for FC-[02 Z.8

1 8
[
(]

Hurtsuille Macro &seembier

BAFC EFES SEC #=
BRSZ ESIZ €Tm FNT17
BEGE ASZEE LDA PNTI7+1
EaZ €521 STE PNT16+1
BEZ4 ESGC . SEC HE
BEES E5Z3 ETe FNTI7+1
EECE BEEI ERe DACCALCIE
EEdn DaCTALCLZ
BEGE AZSA LDY #L0W FPRPWRSUM
BEGC ABOA LDY H#HIGH FPRPWRELM
BEGE 2600eE JEF MOVMF
8211 ASCF LD& #_0W FRROWES
BEIS AEE: LDY #41GH FPPOWER
BEIS 260546 JSR CONUPK
BEIE 20EAFD JSE FPDIV
BE1E AZER LD¥ -#L0W FACTMP ;SAVE
BEID ABE3 LDY #HIGH FACTMF
BEIF 208048 JSR MOJMF
BEZ2 ASSé LDA HLOW INT1 3¢17?
8B24 ABS3 LOY #HIGH INTH
. BBZé 20F44E JSR FCOMP
8E2% 3666 BMI DACCALCB® ;YES
BEZE 4DECEZ LD DACTMP ;ALREADY AT FULL LOAD?
BEZE COFF CMP #$FF
BEZE Deci BIHE *+3 ;NC
BEZ2 40 RTS ;YES. RETURM WITHOUT CHANGING
BE2Z DACCALCOE
BE33 ASLR LD4 H#LOW FACTMP
BEZS 4063 LDY #HIGH FACTMP
BEZ? 28DF47 JER MOUFM
8E34 ASDE LDA #LOW INT14 ;1.4
BEZC ABSS LDY #HIGH INT14
BE3E 265448 JSR FCOMP
8541 3866 BMI DACCALC® ;0K, <1.4
+JSR BEEP 3~TEST
BE4Z APDE LDA HLOW INT14 ;LOAD WITH 1.4
BE45 ABL2 LDY #HIGH INT14
BE4T 8864 BRA DACCALCEA
" 8B4Y DACCALCE
BE4Y APE2 LD& #LOW FACTMP ;BET VALUE BACK
BB4E ABE3 LDY #HIGH FACTMP
BRA4D DACCALCBA
BB4D 2B6DF&7 JSR MOUVFM -
BESE A$44 LDa #LOW FPDAC
BES2 ABR4 LDY ®HIGH FPDAC
BES4 2845464 JSR FMULT
BES? 4244 LDX #LOW FPDAL
8ESS ABG4 LDY #HIGH FFDAC
BESE 268D¢E JSR MOUMF
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r
Hurntsuville Macro Assembler &S{8Z crose ascembler for PC-DGE 2.8 vl.BIZ_ Faz-
Moduie: Eirie
BERIE 206Ees4 JEF F&lDH
BE&! 28D4:8 JSR GINT
BEe4 ASDE LDA FACMOH 1223557 3
BEée FEo4d BEG DACCALCZ jMAYEE NOT
8E&T DaCTalCl
BE&cE AFFF Low #eFF jLOSD DAC FRETTY HEQMILY &
BEom BRIT BR= DalCaLC4
BE&C DACCALC2 ;TRY NEXT BYTE
8BeC ASDS LD& FACMO
BELE DEFS BHE DaCCaLLl
BETC ASDA LD FaCLG
6E7Z Daal ENE DACCALCA
BE74 A2E4 LDX #4
BE7S ' DACCALCS
BEF& BDLPE2 LD&a INTIG,X
BB7? $D44e4 STa FFDAC,X
887C C& DEX
B8B7D 186F7 BPL D&ACCALC3
8B7F A%BA LD~ %18
BB&1! DACCALC4
gec: 8Dhelez €Ta DaCTMF
BBG4 8DARGT7F STha $7F&AE
8BEY 48 RTS
5
3
3 el
qURSTITUTE SHEET
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Hurmiteuvrlie Macr

LA S )
I A
4

Jantoy N
w

*”911

~O 0 0 N gD
L N
f'l
*
&.
~
(]

JCP*‘C" ]
PZCC*CY12
SZCExDEB2
¢2Dex4CE?SZ
PZD3XCFL 3
L dniat Sl ddc
$zD7?»4CEDS4
¢zDAa%C%14
e2DC+DEEL
SZDE#SCDIT7F
9;51*;C3¢L0
P2E4¥4L7EE

$2E7*
YZEV*282FF2
FZEA*ZBELFS

P2ED*
$2ED*2087CAS
P2Fe*2048BE
F2F3%CP11
P2FS=FeeD
FZF7#C?12
PZFP*DERZ
92FB*4CD4%3
P2FE*CP12
9388%DBEE
$302%88AF

9384
P304 *%APFF
P38&xED1FB2

PIEPx

9389%A500

Y20BxBDAZ24
FOE*EDAIZA
$311%8D4424
$314%80E24

I
"n
(143
[
32
(&}
NG

(CORYRIGHT 19€¢ FROWTLINE TECHNDLOI,

AVTLWER

J F RESVAL

|
a0

n M

N o oo
n
k4

Gyt a1

q

Tk ey p]
rREYVIN
E::;

© B$1!
BINE #+5

ST
[EE T IN

0
K
o onoa

CMF #2iZ
BNE #+5

JMF AUTDST“'
§

n
o
"
KT
Q
foard

sUTO TARGE

iF
40 3DISFLAY ON

tREAD KEYVEDSRD

1START

JMP AUTWRKZ

CMF #2123
BNE #+T

s CHANGE MAX

JMF AUTWREZ

CMF #2114

BNE AUTWRKL

§TZ $7FLY
JER CHRLID:

JMF EXMODE 3 FREVIODUS

AUTWRKZ ;CHANGE LIMITE

JSK MENUZ1 ;DISPLAY
JSR MENUSZ

AUTWRK24
JSR KEYIN
JSR BEEP
CMP #211

;READ KE

$UPFER LIMIT

BEQ AUTWRKZ2E

CMF #¢12
BNE #+45

sLOWER LIMIT

JMP AUTWRKZJ

CMF #21i2

$ PREVIQUS MENU

BNE AUTWRKZA
BR~A AUTWRKE .

AUTWRKZE
LDA #&FF

STA DPFLG ;DP NOT ALLOUWED

AUTWRK2EL
LDA #@ ;C
STA $24A2
STa $24A3
STA $24A4
ETa $24D8

UPFER LIMIT

LR BLOCK

sBLINK OFF

[

(FESET ALL WALUES

;CA;;ULATE UPFER &MD LOWER LIMITE

MEMU
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Hurrdew;

C21TxCLaTYES
L2 T 0
STIL*T0DR2ZZ
FILIF»SDAZ2E
FI2Z*0mIE2
CIZTraTE
Sz RIS
b4C T
ez ohgz2

¢IZF*
FIIF>2ETLAT
SEE:i»ZhelEE

PIZF*LF1I2
SIZE*DRAT
I 2- T el-320c
b2C =128 Jug=h Bic]
9242%DRA3
$344%4CEZP2
$347+%C%e5
9349»Fe 4D
934Ex0969
FTADFEFALE
SEF«Lo3R
2SixEEDC
P3ITIxCS 30
9255*%6D¢S
9357%4¢
PZ58#A9E08
9354%L2560
PISCxAPZE
P3SEXESE]
9368%4283
S382¥BEVA
$364»0822
P3&4%B47E
PTEEFa206
PIoARSE
PSEEX2845A4
FP34EX*BESS
P370%20Q6ES
PI73xaEZ782
PI74%18
9277%BD1885S
P27A*ETBS
PI7CxCS4L
927ExBR&4
°38ax1 8
P38 *aT&C
38224985
$385»003ABS
$288x9gaz
938A*4C6492

'lte Macro A@scembler

STa £244¢8
LDA #1
STR $23/2
STé €234

3
- . - -
ETH $£Z5.

I

1BLOCK

LD& #Z (BLINK THESE

€TR $IIDE
LDA #EAE

STe 2308

AUTWRKZT
JER KEYIN

JER

CMF

"BEG

cMP
ENE
JMF
eMpP

"BNE

JHMF
cMP
BEG
tMP
BEQ
CMF
BCS
CMF
gCC
PHa
LDA
STA
LDA
STa
LDX
ETX
LoY
eTY
LDX
PLA
JSK
BCS
JSF
LDX
CcLC
LDA&
ADC
CMP
BCES
cLC
LDé&
ADC
CMF
BCC
JMP

BEEF
L E

AUTWRNZE!

-

(URPER LIMIT

#21Z2 ;LOWER LIMIT

*+T
ALUTWRK2J

#3113 ;PREVIOUS MENU

*+ 5
ALTWRKG
S -
AUTWRKZD
#9 3+.
AUTWRKZE
HESA
AUTWREKZC
#2360
AUTWRKZT

#2286
ADDR
#2232
ADDR+1
#2
XSaVE
#34

Y SAVE
#8

INDTR1+3
AUTWRK2E
ASCHEX
USERID

LOWLIM,X
#5

HEX+1
AUTWRK2ZE

HEX+1

#5
HRTMAX (X
%4+ 5
AUTWRKZE

~/
0

s INVALID KEY

;BELOW OF

]

$ABOVE OR

(4]
(]
[
K}
r
Lt
R
-+
(]
3

;DOES LIMITCaLC

LOW LIMIT+S

MAX -3

Eit"§é§777?jj?§=3}¥£ﬁs1;
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Murtzurile Macro fscembler ¢SJEZ cross sesembier for

TS T LD~ HEx+1i
GIIFasI2E0E €74 HIGHLIMWX
FESZaZi ST JER LIMITC&LC
PEREERSIZTEE JME R&UTRR S
kR g CTWREZD -
GISE»MIZITRE hD> ”c’m::
FIZTESLE gL
I e ] k] LDa LOWlIM X
GEIEFEFETET ADC &3
LACNE i) CMF HIGHLIM X
Samb>E CEIS A“’WF\__ 14T OF BELC LOW LIMIT+S
CICEER 53 LOm HIZ=_IM,X
Fauex? EELC
FIRA* SEC #!
SIACxFD20 ETa HIGHOIM,X

PIAFxER 1A BrRa AUTWRKZGL
G3E* AUTWRKZG 3+
PRI #AEZTEZ LOx USERID
P3E4+i 8 cLC
93RS+EDZTAT LDa HIGHLIM,X
P2EZxeSLT ADC #T
$2E4*DD3ARS . CMP HRTMAX X
SIEDTRLZ BCC #+C
PIEF#4CZFE JMF A TwR (ZC jALREADY &T MAY
°"7*;- CcLe

C3+ED2TRS LD& HIGHLIM,X

93C6*é991 ALC #1
?3CE*9DZSAT STe HIGHLIM,X
93CB* ALUTWRKZG!
P3CBx2821%7 JER LIMITCALC
P3CE*2¢39F2 JEF MENUZ1&
¢3D1#4C89932 JMP AUTWRKZ2B!
93D4* AUTWRKZJ ;LOWER LIMIT
?ZD4x4500 LDA #8
¢3Dé%8DAZZ2 STA $23~Z ;CLR BLOCK
$3D9%8DAZZE STa $23/%
93DC#8DAEZS STA $23R4
SSDF*8DDEZS3 STA $230E ;CLR ELINK
PIEZ2%#EDDFZS 8Tha %2307
93ES*ATE1 LDA #1
93E7%8D&Z24 ST $€24AZ ;BLOCK
93EA*EDA3ZA STa $24AZ
P3ED%BDAG24 STA $24/A4
F3FBXATAD LDA #$A0
$3F2%8DDEZ4 STh $24D¢E
PIFS*ATEZ LD& #2
Y3F7%E0D%24 ETa $£240DF
FAFA*ASFF LD& #SFF
GIFCHEDIFEZ 8T DPFLG jNCO DF
PIFF* AUTWRKZK
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Huntsville Macreo Aecembler oSI6Z crossz acssemtier for PL-DIE Z.8 o,
' Module:
P3FF*2ETIAT - JER KEYIK
P4EZ»Z0&EEE JSR BEEF
F3eT»IFIL CMF #e¢i: jUFFER LIMIT
g3gTrDRET BNE #4385
P4ESx3CEETD IMFE QUTWRFZE
gapixisiZ CMF #%12 ;LOUER LIMIT (AGSIN:
CARERFLEF BEC aUTWERZE
FL1Exl%. 2 CMF #2132 ¢PREVIQUES MENU
PRL2ETEE D BNE %495
©414%3CRZ<2 JMF AUTWREKE
SA1T7*CET CMP #S 53—
P81 exFES2 BEG AUTWREZM
S41E*ICET CMF #= 5+
$41D2F@3E BEG AUTWRRZN
S41F*CF2n - CMP #%3a
§421*BalC BCS AUTWRKZK 3>¢
P423%C738 CMP #s3@ .
94Z5%98D8& BECC AUTWRKZK ;<@
SL27#48 PHA
4282988 - LDa #2880
942a%258¢ ~ ST& ADDR
$42C*a524 LD& #324
942E%85a1 STa ADDR+!
P438*8Z83 LDX 82
Y432%E47R STX XSaVE
42495022 LT #3234
$436%847E STY YSAVE
943ExA200 LDX #@
F43A%68R ) PL&
P43E%2645A44 JSR INDTB1+2
43E#BG?4 BCS AUTWRKZJ ;INVALID KEY
9446*26ABES JSR ASCHEX
$443*AE2782 LDX USERID
9446%454C LDA HEX+1
44L*FBBA BEG AUTWRKZJ ;@
?44A%18 CLC
944B%x4905 ) ADC #T
944DxDD2565 CMFP HIGHLIM,X
2458%BOE2 BCS AUTWRK2J ;AT OR ABOVE HIGH LIMIT-S
9452%A5&C LDA HEX+!
9454901085 STA LOWLIM,X
9457%262157 JSR LIMITCALC
45A%4CE792Z JMP AUTWRKZ
94SD=x AUTWRKZM ;-
P4SDXAE2762 LDX USERID
94460xBD188S LDA LOWLIM,X -
P4463%FE 94 BEQ AUTWRKZK 3;ALREADY @
9445%38 ) SEC .
P446%ETR | SBC #1
$448%9D1885 €74 LOWLIM,X

P44Bx8EL7 - BRA AUTWRK2N!
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‘“vu

GaAza*

P4E4+ 0T 07
FSETEZEISFT
?48a%4C04% T

(ll

-

m(u-|

748D*
948D*20PEF

?490%
P4PaxAFE 1
9452*»8DFELT
P495%80 923
P45E»BDSAZT
FATBXAP A
PASDXENDEEE
S4AB*APFF
94a2%x8D1FBZ

P44
9445%287CAT5
$4AB*208£48BBE
94ABxCy1 1
P4abxDoB3
94AF*4CE392

94E2xCP0S
S4BA*FE 34
P4ES*CFRT
94EE*FB47
PARAXCFZA
94BC*BBE7
S4BE*CS30
94CE»SBE3
94C2%48

94C3I*APRY.
$4C5*8506
S4CT*ATZ3
94092561
94CRR*AZES
94CDXBE7E
94CF*AB1E
9401 xH47E
94D3I*AZBE

MacT &

. 8Ta &b
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- . - -
&t MIlza

FC-DiCz -
McSutes EL
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WE CLAIM:

1. An apparatus for controlling the loads exerted on
a person exercising with an exercise device so as to
control the heart rate of that person, comprising:

an exercise device which a person can use for
cardiovascular exercises, the exercise device comprising:

load input apparatus by which said person can
input loads into said device; and
variable load means for exerting a variable

resistance load which can be resisted by said person

to exercise and increase the person’s cardiovascular

rate;

decreased heart rate means operating when said
person’s heart rate is below a first predetermined lower
1imit in order to increase said heart rate, said decreased
heart rate means determining whether the loads exerted by
the variable load means just increased and if so whether
said load has been unchanged for a predetermined period of
time, said decreased heart rate means causing said variable

.load means to increase the load if the load is below a

predetermined maximum value.

2. An apparatus as defined in Claim 3, further
comprising: increased heart rate shutdown means
operating when said person’s heart rate is more than a
predetermined amount above a second, predetermined upper
limit for greatly decreasing the load exerted by said
variable load means;

increased heart rate means operating when said
person’s heart rate is above a third predetermined limit in
order to decrease said heart rate, said increased heart
rate means determining whether the load exerted by said
variable load means just increased, and if said load has
been at an increased level for a predetermined time said
increased heart rate means causes said variable load means
to increase the load, said increased heart rate means
decreasing said load exerted by said variable load means if
said load has not just decreased and if said load is not
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below a predetermined value; and
means for monitoring the heart rate of said person and
communicating said heart 'rate to said increased and
decreased heart rate means, and to said increased heart
rate shutdown means.
3. An apparatus as defined in Claim 2, further
comprising:
visual display means responsive to said increased
heart rate means and responsive to said increased heart
rate shutdown means for indicating to said peréon when the
effort. of said person should be increased.
4. An exercise device as defined in Claim 2, wherein
said exercise device comprises:
a stationary frame for mounting components of a
bicycle, said bicycle including a rear wheel, a rear
-tire and a rear axle, a frame, a seat, a front fork,
handlebars and pedals, wherein said stationéry frame
comprises:
rear axle support means for cbnnecting to
opposite ends of said rear axle without
preventing rotation of said rear wheel and tire,
said rear axle support means constraining said
rear axle, wheel and tire to move along a
predetermined path; -
fork support means for conneéting to and
supporting said front fork, said fork support
means being movable in response to a shift in the
weight of a rider; and
a roller mounted to said frame so as to
frictionally engage said rear tire of the bicycle when
-said rear axle is connected to said rear-axle support
means, said roller and said rear axle support means
cooperating to support said rear wheel and tire when
said rear axle is connected to said rear axle support
means so as to maintain frictional contact between
said roller and said rear tire whose axle is connected
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to said rear support means, as the weight of a rider

is shifted toward said fork support means, so as to

prevent slippage between said roller and said rear
tire.

5. An apparatus as defined in Claim 2, further
comprising:

means for determining the first and third
predetermined heart rate limits.

6. An apparatus for controlling the loads exerted on
a person exercising with an exercise device so as to
control the heart rate of that person, comprising:

an exercise device which a person can use for
cardiovascular exercises, the exercise device comprising:

a load input apparatus by which said person can
physicaily exert forces on said device to increase the
heart rate of said person; and

a variable load device for exerting a variable
resistance load, which load can be resisted by said
load input apparatus;

a heart rate sensor sensing the heart rate of said
person;

a detector-communicating'with said heart rate sensor,
said detector sending a first signal when said person’s
heart rate is below a first predetermined value, and
sending a second signal when said person’s heart rate is
above a second predetermined value;

a first control device responsive to said first
signal, said first control device communicating with said
variable load device to increase the load exerted by said
variable load device when said load has not increased
within a first predetermined period of time;

a second control device responsive to said second
signal, sald second control device cooperating with said
variable load device to decrease the load exerted by said
variable load devicé when said load has not decreased

within a second predetermined period of time.




WO 89/01806

PCT/US88/02886

-112-2

7. An apparatus as defined in Claim 6 , further

comprising:

a third control device responsive to said second

signal, said third control device reducing the load exerted

5 by said variable load device when said heart rate is above

a third predetermined value.

8. An exercise device as defined in Claim 6,

wherein said exercise device comprises:

10

15

20

25

a stationary frame for mounting components of a
bicycle, said bicycle including a rear wheel, a rear
tire and a rear axle, a frame, a seat, a front fork,
handlebars and pedals, wherein said stationary frame
comprises:

a roller, rotatably supported;

~a rear axle support configured to movably support
a rear axle of a bicycle, and to constrain said axle
to move along a predefined path toward and away from

said roller, said roller and said rear axle support -

cooperating to support a rear tire of a bicycle
connected to said axle in a position to frictionally
engage said roller; and

inertia means communicating with said roller for
energy storage when said roller 1is rotated by
frictional engagement with a rear tire of a bicycle
supported by said roller and said support member to
simulate the inertia of a rider and bicycle during
actual riding of a bicycle.

9. An apparatus as defined in Claim 6, further

comprising:

30

means for determining the efficiency of said
variable load device to compensate for inefficiencies
in said load applying device.
10. A method for controlling the loads exerted on a

person exercising with an exercise device so as to limit

35 the heart rate of that person, comprising the steps of:

exercising by use of an exercise device so as to
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increase the heart rate of said person;
- varying the load which said exercise device exerts on
said person to vary the heart rate of said personj
sensing the heart rate of said person during the
exercise;
increasing the 1load by a predetermined amount when
said person’s heart rate is below a first predetermined
value, said increasing step comprising the steps of:
determining whether the variable load applied by
seid exercise device on said person has Jjust
increased;
determining whether said variable load has been
unchanged for a first predetermined period of time;
determining whether said load is below a first
predetermined load value; and
increasing said variable load by a predetermined
amouﬁt when said load has not been changed during said
first predetermined period of time, and when said load
is below said first predetermined load value;
decreasing the load by a predetermined amount when
said person’s heart rate is above a second predetermined
value, said decreasing step comprising the steps of:
determining whether said heart rate is above a
third predetermined heart rate value;
substantially decreasing said variable load while
said heart rate is above said third predetermined
heart rate value;
determining whether said variable load has just
decreased;
determining whether said variable load has been
uinchanged for a second predetermined period of time;
determining whether said variable load has
reached a second predetermined load value; and
decreasing said variable load when said load has
not been decreased for eaid second predetermined

period of time, and when said variable load has not
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yet reached said second predetermined load value.
11. A method as defined in cClaim 10, further
comprising the step of:

determining the efficiency of said exercise device;

5 and
compensating for the efficiency to accurately control

the load.
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