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RELATION TO PRIOR APPLICATIONS

[0001] This application claims the benefit of, and priority through, United States

Provisional Application 62/129,725, titled “Bubble Logic for Ride Vehicle Control,” filed March

6,2015.
BACKGROUND
[0002] Dark ride vehicle systems have typically relied on “zone logic” type systems,

where position around the track is defined by a zone area. The system knows which zones are
occupied by vehicles but not where in the zone the vehicle is. Spacing the vehicle so that an
empty zone is between each vehicle ultimately helps ensure that the ride vehicles do not collide
with each other.

[0003] The zone logic approach is effective, but ultimately results in inefficient design of
a dark ride vehicle system. Considerable effort is required to ensure that the zones are properly
placed along the ride vehicle path, and final installation and programming may be inhibited due
to the zone definitions. In addition, operation of the attraction containing the dark ride vehicle
systems is inefficient due to the limitations of the zone logic approach. For example, the precise
location of the ride vehicles is not known with a zone logic system, so the control system must
take into account a large variance of position, thus limiting the error and recovery modes
available for safe operation.

[0004] Although discussed below in terms of a dark ride system, the invention is equally
applicable to other instances of multiple computer controlled vehicles on a path, such as with

driverless automobiles or the like.
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FIGURES
[0005] Various figures are included herein which illustrate aspects of embodiments of the

disclosed inventions.

[0006] Fig. 1 is a block schematic diagram of an exemplary ride control system,;
[0007] Fig. 2 is a diagram of an exemplary ride control system virtual space; and
[0008] Fig. 3 is a flowchart of an exemplary ride control system method.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0009] Referring to Fig. 1, ride control system 1, a dynamic and finite system for sensing
a position of one or more ride vehicles 10 (e.g., 10a-10d), comprises a plurality of vehicle path
sensors 30 (e.g. 30a-30d) deployed about predefined vehicle path 40, each vehicle path sensor
30a-30d of the plurality of vehicle path sensors 30 comprising a unique position identifier;
control system 60; data communication system 50 deployed proximate predefined vehicle path
40 and operative to transmit data at a predetermined rate of speed to control system 60; and
software 100 operatively resident in control system 60.

[0010] Predefined vehicle path 40 comprises a tracked vehicle path, a non-tracked
vehicle path, or a combination thereof.

[0011] In an embodiment, data communication system 50 comprises a high data rate
communication system which may further comprise a leaky coaxial communication system. In
most embodiments, the data rate should be sufficient to overcome any lag inherent in
transmitting data, processing the data, and sending one or more commands as necessary to each
ride vehicle 10 to achieve the desired safety distances 30 (e.g., 30a-30d).

[0012] In preferred embodiments control system 60 is disposed proximate predefined

vehicle path 40 but does not need to be, e.g. it can be remotely situated from predefined vehicle
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path 40. In certain embodiments, a data communication system 50 comprises a set of
transceivers 62, which can be wired or wireless, to allow data communication between ride
vehicles 10, one or more portions of data communication system 50, and control system 60.
Although not illustrated in Fig. 1, it will be understood by those of ordinary skill in the data
communication and ride vehicle arts that one or more transceivers 62 may be located on one or
more, e.g. each, ride vehicles 10.

[0013] Although illustrated as being spaced at certain intervals, the actual spacing of
vehicle path sensors 30 about and/or along predefined vehicle path 40 is a function of the control
desired for each ride vehicle 10, e.g. in part it is a function of desired speed and/or spin and/or
other characteristics such as pause/wait time along predefined vehicle path 40. Further, in
various embodiments, vehicle path sensor 30 may comprise a passive sensor, a magnetic
encoded strip, an acoustic positioning operator station (APOS) sensor, or the like, or a
combination thereof. Further, the unique position identifier typically further comprises a
predefined set of spatial coordinates related to a current position of its associated vehicle path
sensor 30 with respect to predefined vehicle path 40. This unique position identifier can
comprise X-Y coordinates, data produced by a gyroscopic incremental encoder, or the like, or a
combination thereof.

[0014] In an embodiment, vehicle sensor detectors 14 (Fig. 2) may be used to interact
with vehicle path sensors 30 and relay information such as the unique position identifier to
control system 60 via data communication system 50 or ride vehicle communication system 15
(Fig. 2). In a first embodiment, these vehicle sensor detectors 14 comprise active detectors
triggered by vehicle path detectors 30, and relay information such as the unique position

identifier to control system 60 via data communication system 50. In other embodiments,
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vehicle sensor detectors 14 comprise one or more triggers operative to trigger active vehicle path
sensor 30 when ride vehicle 10 passes near or over vehicle path sensor 30 and vehicle path
sensors 30 relay information such as the unique position identifier to control system 60 via data
communication system 50. In either embodiment, vehicle communication system 15, which may
comprise a transceiver, and/or separate transceivers 62 may be used to relay the data.

[0015] Software 100, typically resident in control system 60, comprises various software
modules, as will be familiar to those of ordinary skill in the computer programming art.
Typically, software 100 comprises deterministic location software 101, deterministic spatial
software 102, and vehicle control software 103 which are interoperably related. These are not
specifically illustrated in the figures as one of ordinary skill in programming arts can understand
these modules without the need of illustration.

[0016] Typically, deterministic location software 101 comprises one or more
deterministic algorithms able to determine a current location of each ride vehicle 10 of a set of
ride vehicles 10 currently deployed along predefined vehicle path 40 using the unique position
identifiers of the plurality of vehicle path sensors.

[0017] Typically, deterministic spatial software 102 comprises one or more deterministic
algorithms able to create a dynamic set of spatial coordinates describing virtual space 200 (Fig.
2) around each ride vehicle 10 in real time. Virtual space 200, which conceptually can describe a
two or three dimensional bubble, comprises data defining a two or three dimensional set of
spatial coordinates in which each ride vehicle 10 can operate at or below a predetermined
probability of physical contact with another ride vehicle 10 of the set of ride vehicles 10.

[0018] Typically, vehicle control software 103 comprises one or more deterministic

algorithms able to adjust a predetermined set of physical characteristics of each ride vehicle 10
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based on the dynamic set of spatial coordinates and the determined current location of each ride
vehicle 10 of the plurality of ride vehicles 10 along vehicle path 40, preferably in real time. The
predetermined set of physical characteristics can include speed relative to predetermined vehicle
path 40, orientation relative to predetermined vehicle path 40 and/or one or more other ride
vehicles 10, spin rate of a specific ride vehicle 10, other ride vehicle 10 characteristics such as
yaw, pitch, and roll, or the like, or a combination thereof.

[0019] In the operation of exemplary embodiments, referring generally to Fig. 1 and
Fig. 3, in general software 100, through a series of algorithms, determines the exact location of
one or more ride vehicles 10 along predetermined vehicle path 40 in real time and creates a
model of dynamic “bubble” virtual space 200 around each ride vehicle 10 which indicates a two
or three dimensional space 12 in which each such ride vehicle 10 can operate safely without the
probability of physical contact with other ride vehicles 10. This dynamic bubble’s shape
changes based, in part, on the speed at which ride vehicles 10 move along ride vehicle path 40
and, by way of example and not limitation, may be indicative of a worst-case collision scenario.
[0020] In an exemplary embodiment, first ride vehicle 10a, deployed along predefined
vehicle path 40, is allowed to operate independently of second ride vehicle 10b deployed along
the same predefined vehicle path 40 at substantially the same time by determining a current
location of first ride vehicle 10 as deployed along predefined vehicle path 40, e.g. a real time
position, by using first vehicle path sensor 30a of a predetermined set of vehicle path sensors 30
deployed about predefined vehicle path 40. A current location of second ride vehicle 10b, also
deployed along predefined vehicle path 40 at substantially the same time as first ride vehicle 10a,
is determined by deterministic location software 101 using second vehicle path sensor 30b of the

predetermined set of vehicle path sensors 30 deployed about predefined vehicle path 40. As
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described above, each of these vehicle path sensors 30, e.g. 30a-30d, comprises a unique position
identifier associated with a predetermined spatial set of coordinates along predefined vehicle
path 40. Deterministic spatial software 101, using one or more deterministic algorithms, is
typically used to create a dynamic set of spatial coordinates describing virtual space 200 (Fig. 2)
around each ride vehicle 10 in real time, where virtual space 200 is as described above. As also
noted above, the predetermined set of ride vehicle physical characteristics comprises a model of
an outer boundary of each ride vehicle 10. Moreover, virtual space 200 may further be a
function of the speed at which one or more ride vehicles 10a-10d is then currently moving along
predefined vehicle path 40.

[0021] Based on the predetermined set of ride vehicle physical characteristics, a set of
spatial coordinates is calculated, typically using deterministic spatial software 102, which
describe virtual space 200 around first ride vehicle 10a and second ride vehicle 10b, in real time,
within which first ride vehicle 10a can operate without the probability of physical contact with
second ride vehicle 10b. A current set of spatial coordinates is also calculated for first ride
vehicle 10a and second ride vehicle 10b with respect to predefined vehicle path 40 in real time,
typically using deterministic spatial software 102.

[0022] A first requested set of ride vehicle directives for first ride vehicle 10a is obtained
from a data source, e.g. a database or other data file (Fig. 3). As used herein, “directives”
comprise commands and/or data and the like which can effect one or more changes in behavior
of each ride vehicle 10 such as by commanding ride vehicle controller 16 to perform a function.
By way of example and not limitation, this first requested set of ride vehicle directives can
include a currently desired speed with respect to predefined vehicle path 40, a currently desired

orientation with respect to predefined vehicle path 40, or the like, or a combination thereof.
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Based on the first requested set of ride vehicle directives for first ride vehicle 10a, a current
stopping distance is calculated for first ride vehicle 10a and/or second ride vehicle 10b with
respect to predefined vehicle path 40 in real time. This can be calculated using vehicle control
software 103 or other software operatively interoperable with vehicle control software 103.
[0023] With the current calculated set of spatial coordinates for first ride vehicle 10a and
second ride vehicle 10b, the calculated current stopping distance of either or both first ride
vehicle 10a and/or second ride vehicle 10b is compared to the calculated spatial coordinates of
first ride vehicle 10a and second ride vehicle 10b with respect to predefined vehicle path 40 in
real time. This is typically accomplished using vehicle control software 103. If the currently
determined current distance between first ride vehicle 10a and second ride vehicle 10b with
respect to predefined vehicle path 40 is greater than the calculated stopping distance, no change
is typically made to the set of ride vehicle directives for first ride vehicle 10a or the set of ride
vehicle directives for second ride vehicle 10b by software 100.

[0024] However, if the currently determined current distance between first ride vehicle
10a and second ride vehicle 10b with respect to predefined vehicle path 40 is less than the
stopping distance, vehicle control software 103 changes or otherwise creates either or both of the
set of ride vehicle directives for first ride vehicle 10a and second ride vehicle 10b to place first
ride vehicle 10a and second ride vehicle 10b at a distance within which first ride vehicle 10a can
operate without the probability of physical contact with second ride vehicle 10b. Changing either
or both of the set of ride vehicle directives for first ride vehicle 10a and second ride vehicle 10b
may comprise decreasing or increasing the speed of either or both of first ride vehicle 10a and

second ride vehicle 10b relative to and/or along to predefined vehicle path 40.
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[0025] It will be understood by those of ordinary skill in the programming arts that all
these calculations and determinations are not limited to just first ride vehicle 10a and second ride
vehicle 10b but may also extend or be extended to take other ride vehicles, e.g. third ride vehicle
10¢ and/or fourth ride vehicle 10d, into account

[0026] In these various embodiments, the predetermined rate of speed may be a high rate
of data, e.g. a baud rate of IMB or higher, e.g. 1 gigabyte. A leaky coaxial communication
system may be used, where data are transmitted at a high rate of speed back to a land based
control system, e.g. control system 60, which, as described above, may be housed or otherwise
located proximate to or away from predefined vehicle path 40.

[0027] The foregoing disclosure and description of the inventions are illustrative and
explanatory. Various changes in the size, shape, and materials, as well as in the details of the
illustrative construction and/or an illustrative method may be made without departing from the

spirit of the invention.
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Claims:

What is claimed is:

1. A method to allow a first ride vehicle deployed along a predefined vehicle path to operate

independently of a second ride vehicle deployed along the same predefined vehicle path

at substantially the same time in real time, each ride vehicle comprising a ride vehicle

controller, a ride vehicle communication system, and a ride vehicle detector, the method

comprising:

a)

b)

C)

determining, in real time, a current location of a first ride vehicle deployed along a
predefined vehicle path by using a first vehicle path sensor of a predetermined set of
vehicle path sensors deployed at one or more predetermined locations about the
predefined vehicle path, a first vehicle ride vehicle detector configured to be
interoperative with the plurality of vehicle path sensors, the first vehicle path sensor
comprising a unique position identifier associated with a first predetermined spatial set
of coordinates along the predefined vehicle path, and a first ride vehicle sensor
interoperative with the first vehicle path sensor, the first vehicle path sensor reactive
to proximity of the first ride vehicle detector when the first ride vehicle detector is
deployed along the predetermined vehicle path;

determining, in real time, a current location of a second ride vehicle deployed along
the predefined vehicle path at substantially the same time as the first ride vehicle using
a second vehicle path sensor of the predetermined set of vehicle path sensors
deployed about the predefined vehicle path, the second vehicle path sensor
comprising a unique position identifier associated with a second predetermined spatial
set of coordinates along the predefined vehicle path, and a second ride vehicle
detector interoperative with the second vehicle path sensor, the second vehicle path
sensor reactive to proximity of the second ride vehicle detector when the second ride
vehicle detector is deployed along the predetermined vehicle path;

based on a predetermined set of ride vehicle physical characteristics for each of the
first ride vehicle and the second ride vehicle, calculating a set of spatial coordinates

9



d)

9)

h)

describing a first three-dimensional virtual space in real time around the first ride
vehicle and a second three-dimensional virtual space in real time around the second
ride vehicle, the first three-dimensional virtual space describing coordinates within
which the first ride vehicle can operate without the probability of physical contact with
the second ride vehicle based in part on the speed at which each ride vehicle is
currently moving along the predefined ride vehicle path;

calculating a current set of spatial coordinates for the first ride vehicle and the second
ride vehicle with respect to the predefined vehicle path in real time;

obtaining a first requested set of ride vehicle directives for the first ride vehicle;

based on the first requested set of ride vehicle directives for the first ride vehicle,
calculating a current stopping distance for the first ride vehicle with respect to the
predefined vehicle path in real time;

with the calculated set of spatial coordinates for the first ride vehicle and the second
ride vehicle, comparing the calculated current stopping distance of the first ride vehicle
to the calculated spatial coordinates of the first ride vehicle and the second ride vehicle
with respect to the predefined vehicle path in real time;

if the currently determined current distance between the first ride vehicle and the
second ride vehicle with respect to the predefined vehicle path is greater than the
calculated stopping distance, making no change to the set of ride vehicle directives for
the first ride vehicle or set of ride vehicle directives for the second ride vehicle; and

if the currently determined current distance between the first ride vehicle and the
second ride vehicle with respect to the predefined vehicle path is less than the stopping
distance, changing either or both of the set of ride vehicle directives for the first ride
vehicle and set of ride vehicle directives for the second ride vehicle to place the first
ride vehicle and the second ride vehicle at a distance within which the first ride vehicle

can operate without the probability of physical contact with the second ride vehicle.

10



The method to allow a first ride vehicle currently deployed along a predefined vehicle path
to operate independently of a second ride vehicle currently deployed along the same
predefined vehicle path of Claim 1, wherein the set of ride vehicle directives comprises

speed.

The method to allow a first ride vehicle currently deployed along a predefined vehicle path
to operate independently of a second ride vehicle currently deployed along the same
predefined vehicle path of Claim 2, wherein changing either or both of the set of ride
vehicle directives for the first ride vehicle and set of ride vehicle directives for the second
ride vehicle comprises decreasing or increasing the speed of either or both of the first ride

vehicle and the second ride vehicle.

The method to allow a first ride vehicle currently deployed along a predefined vehicle path
to operate independently of a second ride vehicle currently deployed along the same
predefined vehicle path of Claim 1, wherein the predetermined set of ride vehicle

characteristics comprises a representative outer boundary of each ride vehicle.

The method to allow a first ride vehicle currently deployed along a predefined vehicle path
to operate independently of a second ride vehicle currently deployed along the same
predefined vehicle path of Claim 1, wherein the virtual space is a function of the speed at

which the specific ride vehicle is then currently moving along the predefined vehicle path.

The method to allow a first ride vehicle currently deployed along a predefined vehicle path
to operate independently of a second ride vehicle currently deployed along the same
predefined vehicle path of Claim 1, wherein:

a) the first ride vehicle detector comprises an active sensor;

b) the second ride vehicle detector comprises an active sensor;
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c) the first vehicle path sensor is passively reactive to proximity of the first ride vehicle
detector and triggers the active ride vehicle detector at a predetermined distance
between the first vehicle path sensor and the first ride vehicle detector; and

d) the second vehicle path sensor is passively reactive to proximity of the second ride
vehicle detector and triggers the active ride vehicle detector at a predetermined

distance between the second vehicle path sensor and the second ride vehicle detector.

The method to allow a first ride vehicle currently deployed along a predefined vehicle path

to operate independently of a second ride vehicle currently deployed along the same

predefined vehicle path of Claim 1, wherein:

a) the first ride path sensor comprises an active sensor;

b) the second ride path sensor comprises an active sensor;

c) the first vehicle path sensor is triggered by the ride vehicle detector at a predetermined
distance between the first vehicle path sensor and the ride vehicle detector; and

d) the second vehicle path sensor is triggered by the ride vehicle detector at a
predetermined distance between the second vehicle path sensor and the second ride

vehicle detector.

The method to allow a first ride vehicle currently deployed along a predefined vehicle path
to operate independently of a second ride vehicle currently deployed along the same
predefined vehicle path of Claim 1, wherein each of the first and second ride vehicles
communicates with a control system to provide the control system with their currently
associated vehicle path sensor’s unique position identifiers and to receive their respective

sets of the set of ride vehicle directives from the control system.
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