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RIDE VEHICLE TRACKING AND CONTROL SYSTEM USING
PASSIVE TRACKING ELEMENTS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims the benefit of U.S. Provisional Application No.
62/001,551, filed May 21, 2014, which is incorporated herein by reference in its entirety

Sor all purposes.

BACKGROUND

[0002] The present disclosure relates generally to the field of tracking systems and,
more particularly, to methods and equipment used to enable tracking of elements in a

variety of contexts through a dynamic signal to noise ratio tracking system.

[0003] Tracking systems have been widely uscd to track motion, position, oricntation,
and distance, among other aspects, of objects in a wide varicty of contexts. Such existing
tracking systems generally include an emitter that emits clectromagnctic energy and a
detector configured to detect the electromagnetic encrgy, sometimes after it has been
reflected off an object. It is now recognized that traditional tracking systems have certain
disadvantages and that improved tracking systems are desired for use in a variety of
contexts, including amusement park attractions, workplace monitoring, sports, fireworks
displays, factory floor management, robotics, security systems, parking, and

transportation, among others.

BRIEF DESCRIPTION

[0004] In accordancc with an embodiment of the present disclosure, an amusement
park ride system includes: a ride vehicle positioned on a ride path and configured to
move along the ride path; a plurality of retro-reflective markers positioned on the ride
vehicle, along the ride path, or both; an emission subsystem configured to emit

clectromagnetic radiation toward the plurality of retro-reflective markers; a detection
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subsyslem conligured to deteet a pattern of retro-reflection of the efectromapnetic
radiation from the plurality of retro-reflective markers while filtering clectromagnetic
radiation that is not retro-reflected; and a control system communicatively coupled to the
detection subsystem and having processing circuitry configured to: monitor the pattern of
retro-reflection of the clectromagnetic radiation from the plurality of retro-reflective
markers for changes; and track movement of the ride vehicle in space and time based on
changes in the pattern of retro-reflected electromugnetic radiation detected by the

detection subsystem.

[0005] In accordance with another cmbodiment of the present disclosure, an
amuscment park ride system includes a ride vchicle positioned on a ride path and
configured to move along the ride path; a plurality of retro-reflective markers positioned
on the ride vehiele, along the ride path, or both; an emission subsystem configured to
emit clectromagnetic radiation toward the plurality of retro-reflective markers; a
detection  subsystem  contigured to  detect a pattern  of retro-reflection of the
clectromagnetic radiation from the plurality of retro-reflective markers while filtering
clectromagnetic  radiation  that is  not retro-reflected; and  a  control  system
communicatively coupled to the detection subsystem and having processing circuitry
configured to: monitor the pattern of retro-reflection of the electromagncetic radiation
from the plurality of retro-reflective markers for changes; and track movement of the ride
vehicle in space and time based on changes in the pattern of retro-reflected

clectromagnetic radiation detected by the detection subsystem.

[0006] In accordance with a further embodiment of the present disclosure, an
amuscment park svstem includes a control system comprising processing circuitry
configured to receive data indicative of retro-reflection of electromagnetic radiation by a
plurality of retro-reflective markers, wherein the control system is configured to monitor
the retro-reflected clectromagnetic radiation to track u location and movement of a ride
vehicle relative to a ride vchicle path based solely on changes in the retro-retlected

clectromagnetic radiation.

-0




WO 2015/179682 PCT/US2015/032031

DRAWINGS

[0007] These and other features, aspects, and advantages of the present disclosure will
become better understood when the following detailed description is read with reference
to the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:

[0008] FIG. | is a schematic diagram of a tracking system utilizing a dynamic signal
to noise ratio device to track objects, in accordance with an embodiment of the present

disclosure;

[0009] FIG. 2 is a schematic diagram of another tracking system utilizing a dynamic
signal to noisc ratio device to track objects, in accordance with an embodiment of the

present disclosure;

[0010] FIG. 3 is a schematic view of the tracking system of FIG. 1 tracking a retro-
reflective marker on a person, in accordance with an embodiment of the present

disclosure;

[0011] FIG. 4 is a schematic representation of an analysis performed by the tracking
system of FIG. 1 in which position and movement of a person or object is tracked in

space and time, in accordance with an embodiment of the present disclosure;

[0012] FIG. 5 is an overhead view of a room with a grid pattern of retro-reflective
markers for tracking a position of people in the room via the tracking system of FIG. 1, in

accordance with an embodiment of the present disclosure;

[0013] FIG. 6 is an clevational view of the tracking system of FIG. 1 tracking a person
without tracking retro-reflective marker movement and without tracking retro-reflective

marker occlusion, in accordance with an embodiment of the present disclosure;

[0014] FIG. 7 is an elevational view of a room with a grid pattern of retro-reflective

markers disposed on a wall and a floor of the room for tracking a position of people and
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objects in the room via the tracking system ol FIG. 1, in accordance with an embodiment

of the present disclosure;

[0015] FIG. 8 illustrates cross-sections of retro-reflective markers having different
coatings to enable different wavelengths of electromagnetic radiation to be reflected back
toward the detector of the tracking system of FIG. 1, in accordance with an embodiment

of the present disclosure;

[0016] FIGS. 9A-9C depict the manner in which an object may be tracked in three
spatial dimensions by the tracking system of FIG. 1, in accordance with an embodiment

of the present disclosure;

[0017])  FIG. 10 is a flow diagram illustrating an embodiment of a method of tracking
reflection and controlling amusement park elements based on the tracked reflection using
the tracking system of FIG. 1, in accordance with an cmbodiment of the present

disclosure;

[0018] FIG. 11 is a flow diagram illustrating an embodiment of a method of tracking
retro-reflection to cvaluate information relating to machines and people, and controlling
amusement park elements based on the evaluated information using the tracking system

of FIG. 1, in accordance with an embodiment of the present disclosure;

[0019] FIG. 12 is a schematic view of an embodiment of an amusement park
attraction and control system configured to track attraction equipment in relation to other

machines or people, in accordance with an embodiment of the present disclosure;

[0020]  FIG. 13 is an overhead schematic view of a room with a grid pattern of retro-
reflective markers for tracking a position of people and machines in the room via the

tracking system of FIG. 1, in accordance with an embodiment of the present disclosure;

[0021] FIG. 14 is an overhead schematic view of a room with a grid pattern of retro-

reflective markers for tracking a position of people relative to a boundary applied to
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machines via the tracking system of FIG. 1, in accordance with an embodiment of the

present disclosure;

[0022] FIG. 15 is a process flow diagram of a method for controlling operation of the
machines in the room of FIG. 13 via feedback from the tracking system, in accordance

with an embodiment of the present disclosure;

[0023] FIG. 16 is an overhead schematic view of machines being controlled to move
through a crowd of people based on feedback received from the tracking system of FIG.

1, in accordance with an embodiment of the present disclosure;

[0024] FIG. 17 is an overhead schematic view of machines being controlled to target
groups of people based on feedback rcccived from the tracking system of FIG. 1, in

accordance with an embodiment of the present disclosure;

[0025] FIG. 18 is an illustration of an animated figure with retro-reflective markers
disposed thereon for usc with the tracking system of FIG. 1, in accordance with an

embodiment of the present disclosure;

[0026] FIG. 19 is an overhead view of an amusement park having an unmanned aerial
system (UAS) configured to direct unmanned aerial vehicles (UAVs) through the park
using the tracking system of FIG. 1, in accordance with an embodiment of the present

disclosure;

[0027] FIG. 20 is a bottom view of a UAV having intcractive and position control

components, in accordance with an embodiment of the present disclosure;

[0028] FIG. 21 is a front view of a UAV having the tracking system of FIG. 1

integrated onto its body, in accordance with an embodiment of the present disclosure;

[0029]  FIG. 22 is an overhead schematic view of a series of amusement park ride
vehicles with markers used to convey embedded data to the tracking system of FIG. 1, in

accordance with an embodiment of the present disclosure;
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[0030] FIG. 23 is a perspective view of two orthogonally positioned tracking systems
of FIG. 1 detecting a threc dimensional location of an amusement attraction vehicle, in

accordance with an embodiment of the present disclosure;

[0031] FIG. 24 is a perspective view of an amusement park ride vehicle traveling
along a constrained path having retro-reflective markers on the path to enable the
tracking system of FIG. 1 to evaluate the performance of the ride vehicle, in accordance

with an embodiment of the present disclosure;

[0032] FIG. 25 is an overhead view of a portion of the constrained path of FIG. 24 and
schematically illustrating occlusion and non-occlusion of the retro-reflective markers on
the path by the ride vehicles travelling along the path, in accordance with an embodiment

of the present disclosure;

[0033] FIG. 26 is an overhead view of an unconstrained path having retro-reflective
markers positioned at various points along the path to cnable the tracking system of FIG.
1 to perform at least a portion of block zone control of ride vehicle positions, in

accordance with an embodiment of the present disclosure;

[0034] FIG. 27 is an clevational view of an embodiment of the unconstrained path of
FIG. 26 in which the retro-reflective markers on the path and the tracking system of FIG.
| are utilized to guide a ride vehicle toward a predetermined destination, in accordance

with an embodiment of the present disclosure;

[0035] FIG. 28 is an overhead view of the path of FIG. 27 and depicting further details
of thc manner in which the retro-reflective markers are positioned to guide the ride

vehicle, in accordance with an embodiment of the present disclosure;

[0036] FIG. 29 is an overhead view of the path of FIG. 27 and depicting further details
of the manner in which retro-reflective markers may be positioned in layers to guide the

ride vehicle, in accordance with an embodiment of the present disclosure; and
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[0037] FIG. 30 is an overhead view of another embodiment of the path of FIG. 27 and
depicting the manner in which the retro-reflective markers may be positioned to guide the

ride vehicle, in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0038] Generally, tracking systems may usc a wide variety of inputs obtained from a
surrounding environment to track certain objects. The source of the inputs may depend,
for instance, on the type of tracking being performed and the capabilities of the tracking
system. For example, tracking systems may use sensors disposed in an environment to
actively generate outputs reccived by a main controller. The controller may then process
the generated outputs to determine certain information used for tracking. Onc example of
such tracking may include tracking the motion of an object to which a sensor is fixed.
Such a system might also utilize onc or more devices used to bathe an arca in
electromagnetic radiation, a magnetic ficld, or the like, where the electromagnetic
radiation or magnetic ficld is used as a reference against which the scnsor’s output is
compared by the controller. As may be appreciated, such active systems, if implemented
to track a large number of objects or even people, could be quite expensive to cmploy and

processor-intensive for the main controller of the tracking system.

[0039]  Other tracking systems, such as certain passive tracking systems, may perform
tracking without providing an illumination source or the like. For instance, certain
tracking systems may usc onc or more cameras to obtain outlines or rough skeletal
estimates of objects, people, and so forth. However, in situations where background
illumination may be intcnse, such as outside on a hot and sunny day, the accuracy of such
a system may be reduced due to varying degrees of noise received by detectors of the

passive tracking system.

[0040] With the foregoing in mind, it is now rccognized that traditional tracking
systems have certain disadvantages and that improved tracking systems are desired for

usc in a variety of contexts, including amusement park attractions, workplace monitoring,
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sports, and security systems, among others. For instance, it is presently recognized that
improved tracking systems may be utilized to enhance operations in a variety of

amusement park scttings and other entertainment altractions.

[0041] In accordance with one aspect of the present disclosure, a dynamic signal to
nois¢ ratio tracking system uses emitted clectromagnetic radiation and, in some
embodiments, retro-reflection, to enable detection of markers and/or objects within the
field of view of the tracking system. The disclosed tracking system may include an
emitter configured to emit electromagnetic radiation in a field of view, a sensing device
configured to detect the clectromagnetic radiation retro-reflected back from objects
within the field of view, and a controller configured to perform various processing and
analysis routines including interpreting signals from the sensing device and controlling
automated equipment based on the detected locations of the objccts or markers. The
disclosed tracking system may also be configured to track several different objects at the
same time (using the same emission and detection features). In some embodiments, the
tracking system tracks a location of retro-reflective markers placed on the objects to
estimate a location of the objects. As used herein, retro-reflective markers are reflective
markers designed to retro-reflect clectromagnetic radiation approximately back in the
direction from which the electromagnetic radiation was emitted. More specifically, rctro-
reflective markers used in accordance with the present disclosure, when illuminated,
reflect electromagnetic radiation back toward the source of emission in a narrow cone. In
contrast, certain other reflective materials, such as shiny materials, may undergo diffuse
reflection where electromagnetic radiation is retlected in many directions. Further still,
mirrors, which also reflect electromagnetic radiation, do not typically undergo retro-
reflection. Rather, mirrors undergo specular reflection, where an anglec of
electromagnetic radiation (e.g., light such as infrared, ultraviolet, visible, or radio waves
and so forth) incident onto the mirror is reflected at an equal but opposite angle (away

from the emission source).
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[0042] Retro-reflective materials used in accordance with the embodiments set forth
bclow can be readily obtained from a number of commercial sources. One example
includes retro-reflective tape, which may be fitted to a number of different objects (e.g.,
environmental features, clothing items, toys). Duc to the manner in which retro-
rcflection occurs using such markers in combination with the detectors 16 used in
accordance with the present disclosure, the retro-reflective markers cannot be washed out
by the sun or even in the presence of other emitters that emit clectromagnetic radiation in
wavelengths that overlap with the wavelengths of interest. Accordingly, the disclosed
tracking system may be more reliable, cspecially in an outdoor setting and in the presence

of other electromagnetic emission sources, compared to existing optical tracking systems.

[0043] While the present disclosure is applicable to a number of different contexts,
presently disclosed embodiments arc dirccted to, among other things, various aspects
relating to tracking objects and people within an amusement park, and, in some
situations, controlling amusement park equipment (e.g., automated equipment) based on
information obtained from such a dynamic signal to noise ratio tracking systcm. Indced,
it is presently recognized that by using the disclosed tracking systems, reliable and
efficient amusement park operations may be carricd out, cven though there arec a number
of moving objccts, gucsts, employces, sounds, lights, and so forth, in an amusement park,
which could otherwise create high levels of noise for other tracking systems, cspecially
other optical tracking systems that do not use retro-reflective markers in the manner

disclosed herein.

[0044] In certain aspects of the present disclosure, a control system of the amusement
park (c.g., a control system associated with a particular arca of the amuscment park, such
as a ride) may usc information obtained by the dynamic signal to noise ratio tracking
system to monitor and evaluate information rclating to pcople, machines, vechicles (c.g.,
guest vehicles, service vehicles), and similar features in the arca to provide information
that may be useful in the more efficient operation of amusement park operations. For

cxample, the information may be used to determine whether certain automated processes
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may be triggered or otherwise allowed 1o proceed. The evaluated information pertaining
to vehicles in the amusement park may include, tor instance, a location, a movement, a
size, or other information relating to automated machines, ride vehieles, and so forth,
within certain arcas of the amuscment park. By way of non-limiting example, the
information may be cvaluated to track pcople and machines to provide cnhanced
interactivity between the people and the machines, to track and control unmanned acrial
vchicles, to track and control ride vehicles and any show effects associated with the ride

vchicle, and so forth.

[0045]  Certain aspects of the present disclosure may be better understood with
reference to FIG. 1, which generally illustrates the manner in which a dynamic signal to
noise ratio tracking system 10 (hereinafter referred to as “tracking system 10”) may be
intcgrated with amusement park equipment 12 in accordance with present embodiments.
Ax illustrated, the tracking system 10 includes an emitter 14 (which may be all or a part
of an emission subsystem having onc or more emission devices and associated control
cireuitry) configured to emit one or more wavelengihs of cleciromagnctic radiation (c.g.,
light such as infrared, ultraviolet, visible, or radio waves and so forth) in a gencral
direction. The tracking system 10 also includes a detector 16 (which may be all or a part
of a detection subsystem having one or more sensors, cameras, or the like, and associated
control circuitry) configured to detect electromagnctic radiation retlected as a result of

the emission. as deseribed in further detail below.

[0046]  To control operations of the cmitter 14 and detector 16 (emission subsystem
and detection subsystem) and perform various signal processing routines resulting from
the emission, reflection, and detection process, the tracking system 10 also includes a
control unit 18 communicatively coupled to the emitter 14 and detector 16, Accordingly,
the control unit 18 may include one or more processors 20 and one or more memory 22,
which may generally referred to herein as “processing cireuitry.” By way of specifie but
non-limiting example, the one or morc processors 20 may include onc or more

application specific integrated circuits (ASICs), one or more field programmable gate
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arrays (FPGAs), onc or more general purposc processors, or any combination thercof.
Additionally, thc one or morc memory 22 may include volatile memory, such as random
access memory (RAM), and/or non-volatile memory, such as read-only memory (ROM),
optical drives, hard disc drives, or solid-state drives. In some embodiments, the control
unit 18 may form at least a portion of a control system configured to coordinate
operations of various amusement park features, including the equipment 12. As
described below, such an integrated system may be referred to as an amusement park

attraction and control system.

[0047] The tracking system 10 is specifically configured to detect a position of an
illuminated component, such as a retro-reflective marker 24 having a properly corrclated
retro-reflective material relative to a grid, pattern, the emission source, stationary or
moving environmental clements, or the like. In some embodiments, the tracking system
10 is designed to utilize the relative positioning to identify whether a correlation exists
between one or more such illuminated components and a particular action to be
performed by the amusement park equipment 12, such as triggering of a show effect,
dispatch of a ride vchicle, closurc of a gate, synchronization of security cameras with
movement, and so on. More generally, the action may include the control of machine

movement, image formation or adaptation, and similar processcs.

[0048]  As illustrated, the retro-reflective marker 24 is positioned on an object 26,
which may correspond to any number of static or dynamic features. For instance, the
objcct 26 may rcpresent boundary featurcs of an amusement park attraction, such as a
floor, a wall, a gatc, or the like, or may represent an item wearable by a guest, park
employee, or similar object. Indeed, as set forth below, within an amusement park
attraction arca, many such retro-reflective markers 24 may be present, and the tracking
system 10 may detect reflection from some or all of the markers 24, and may perform

various analyses based on this detection.

[0049] Referring now to the operation of the tracking system 10, the emitter 14

operates to emit electromagnetic radiation, which is represented by an expanding
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electromagnetic radiation beam 28elcctromagnetic radiation beam 28 for illustrative
purposcs, to sclectively illuminate, bathe, or flood a detection arca 30 in the
electromagnctic radiation. Electromagnetic radiation bcam 28 is intended to generally
represent any form of electromagnetic radiation that may be used in accordance with
present cmbodiments, such as forms of light (c.g., infrared, visible, UV) and/or other
bands of the electromagnetic spectrum (c.g., radio waves and so forth). However, it is
also presently recognized that, in ccrtain embodiments, it may be desirable to usc certain
bands of the clectromagnetic spectrum depending on various factors. For example, in
on¢ embodiment, it may be desirable to usc forms of clectromagnetic radiation that arc
not visible to the human eye or within an audiblc range of human hearing, so that the
electromagnctic radiation used for tracking docs not distract gucsts from their experience.
Further, it is also presently recognized that certain forms of electromagnetic radiation,
such as certain wavelengths of light (e.g., infrared) may be morc dcsirable than others,
depending on the particular sctting (c.g., whether the setting is “dark,” or whether people
are expected to cross the path of the beam). Again, the detection arca 30 may correspond
to all or a part of an amuscment park attraction area, such as a stage show, a ride vehicle

loading arca, a waiting area outside of an cntrance to a ridc or show, and so forth.

[0050] The clectromagnetic radiation beam 28, in certain cmbodiments, may be
represcentative of multiple light beams (beams of clectromagncetic radiation) being emittcd
from different sources (all part of an emission subsystem). Further, in somc
embodiments the emitter 14 is configurcd to emit the electromagnetic radiation bcam 28
at a frequency that has a correspondence to a material of the retro-reflective marker 24
(c.g., is able to be reflected by the retro-reflective elements of thc marker 24). For
instance, the retro-reflective marker 24 may include a coating of retro-reflective matcrial
disposcd on a body of the object 26 or a solid piece of material coupled with the body of
the object 26. By way of morc specific but non-limiting example, the retro-reflective
material may include spherical and/or prismatic reflective elements that are incorporated
into a reflective material to cnablc retro-reflection to occur. Again, in certain

embodiments many such retro-rcflective markers 24 may be present, and may be
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arranged in a particular pattern storcd in the memory 22 to enable further processing,
analysis, and control routines to be performed by the control unit 18 (c.g., control

systcm).

[0051] The retro-reflective marker 24 may rcflect a majority of the electromagnetic
radiation (e.g., infrared, ultraviolet, visible wavelengths, or radio waves and so forth)
incident from the clectromagnetic radiation beam 28 back toward the detector 16 within a
relatively well-defined cone having a central axis with substantially the same angle as the
angle of incidence. This reflection facilitates identification of a location of the retro-
reflective marker 24 by the system 10 and correlation thereof to various information
stored in the memory 22 (e.g., patterns, possible locations). This location information
(obtained based on the reflected electromagnetic radiation) may then be utilized by the
control unit 18 to perform various analysis routines and/or control routines, for example
to determine whether to cause triggering or other control of the amusement park

equipment 12.

[0052]  Specifically, in opcration, the detector 16 of the system 10 may function to
detect the electromagnetic radiation beam 28 retro-reflected from the retro-reflective
marker 24 and provide data associated with the detection to the control unit 18 via
communication lines 31 for processing. The detector 16 may operate to specifically
identify the marker 24 bascd on certain specified wavelengths of clectromagnetic
radiation emitted and reflected and, thus, avoid issues with false detections. For cxample,
the detector 16 may be specifically configured to detect certain wavelengths of
electromagnetic radiation (e.g., corresponding to thosc emitted by the emitter 14) through
the use of physical electromagnetic radiation filters, signal filters, and the like. Further,
the detector 16 may utilize a specific arrangement of optical detection features and
clectromagnetic radiation filters to capturc substantially only retro-reflected

clectromagnetic radiation.

[0053] For example, the detector 16 may be configured to detect wavclengths of

clectromagnetic radiation retro-reflected by the retro-reflective markers 24 while filtering
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wavelengths of electromagnetic radiation not retro-retlected by the markers 24, including
thosc wavclengths of intcrest. Thus, the detector 16 may be configured to spccifically
detect (c.g., capture) retro-reflected electromagnetic radiation while not detecting (c.g.,
capturing) clectromagnetic radiation that is not retro-reflected. In one embodiment, the
detector 16 may utilize the directionality associated with retro-reflection to perform this
selective filtering. Accordingly, while the detector 16 receives clectromagnetic radiation
from a varicty of sources (including spuriously reflected clectromagnetic radiation, as
well as environmental clectromagnctic radiation), the detector 16 is specifically
configurcd to filter out all or substantially all spuriously reflccted signals while retaining
all or substantially all intended signals. Thus, the signal-to-noise ratio of signals actually
processed by the detector 16 and control unit 18 is very high, regardless of the signal-to-

noise ratio that exists for the electromagnctic bands of interest outside of the detector 16.

[0054] For cxample, the dctector 16 may receive rctro-reflected electromagnetic
radiation (e.g., from the rctro-reflective markers 24) and ambient electromagnctic
radiation trom within an arca (c.g., guest attraction arca). Thc ambient electromagnctic
radiation may be filtered, while the retro-reflected electromagnetic radiation, which is
dircctional, may not be filtered (c.g., may bypass the filter). Thus, in certain
embodiments, the “image” generated by the detector 16 may include a substantially dark
(c.g., black or blank) background signal, with substantially only rctro-reflected

electromagnctic radiation producing contrast.

[0055] In accordance with certain embodiments, the retro-reflected clectromagnetic
radiation may include different wavelengths that arc distinguishable from one another. In
one embodiment, the filters of the detector 16 may have optical qualities and may be
positioned within the detcctor such that the optical detection devices of the detector 16
substantially only receive eclcctromagnetic wavelengths rctro-reflected by the retro-
reflective markers 24 (or other retro-reflective clements), as well as any desired
background wavclengths (which may provide background or other landscape

information). To produce signals from the received clectromagnetic radiation, as an
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example, the detector 16 may be a camera having a plurality of electromagnetic radiation
capturing featurcs (c.g., charge-coupled devices (CCDs) and/or complementary metal
oxide semiconductor (CMOS) scnsors corresponding to pixels). In one example
embodiment, the detector 16 may be an amp® high dynamic range (HDR) camera system

available from Contrast Optical Design and Engincering, Inc. of Albuquerque, NM.

[0056] Bccause retro-reflection by the retro-reflective markers 24 is such that a cone
of reflected electromagnetic radiation is incident on the detector 16, the control unit 18
may in turn correlate a center of the cone, where the reflected electromagnetic radiation is
most intense, to a point source of the reflection. Based on this correlation, the control
unit 18 may identify and track a location of this point source, or may identify and monitor

a pattern of reflection by many such retro-reflective markers 24.

[0057] For instance, once the control unit 18 receives the data from the detector 16,
the control unit 18 may employ known visual boundaries or an established orientation of
the detector 16 to identify a location (c.g., coordinates) corresponding to the detected
retro-reflective marker 24. When multiple stationary retro-reflective markers 24 are
present, the control unit 18 may store known positions (e.g., locations) of the retro-
reflective markers 24 to enable reflection pattern monitoring. By monitoring a reflection
pattern, the control unit |8 may identify blockage (occlusion) of certain retro-reflective
markers 24 by various moving objects, guests, employees, and so forth. It should also be
noted that the bascs for these comparisons may be updated based on, for example, how
long a particular retro-reflective marker 24 has been positioned and used in its location.
For instance, the stored pattern of reflection associated with one of the markers 24 may
be updated periodically during a calibration stage, which includes a time period during
which no objects or people are expected to pass over the marker 24. Such re-calibrations
may be performed periodically so that a marker that has been employed for an extended
period of time and has lost its retro-reflecting capability is not mistaken for a detected

occlusion cvent,
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[0088]  In other embodiments. in addition to or in licu of tracking one or more ol the
retro-reflective markers 24, the tracking system 10 may be configured to detect and track
various other objects located within the detection arca 30, Such objects 32 may include,
among othcr things, ride vchicles, people (c.g., guests, employees), and other moving
park cquipment. For cxample, the detector 16 of the system 10 may function to detect the
clectromagnetic radiation beam 28 bouncing off of an object 32 (without retro-reflective
murkers 24) and provide data associated with this detection to the control unit 18, That
is, the detector 16 may detect the object 32 based entirely on diffuse or specular reflection
ot clectromagnctic energy oft the object 32, In some embodiments, the object 32 may be
coated with a particular coating that reflects the clectromagnetic radiation beam 28 in a
defectable and predetermined manner. Accordingly, once the control unit 18 receives the
data from the detector 16, the control unit 18 may determine that the coating associated
with the object 32 reflected the electromagnetic radiation, and may also determine the

source of the reflection to identify a location of the object 32.

i0059]  Whether the reiro-reiicctive markees 24 are stutionary or moving, the process
of emitting the electromagnetic radiation beam 2K, sensing of the reflected
clectromagnetic radiation from the retro-reflective markers 24 (or objects 32 with no or
cssentially no retro-reflective material), and determining a location of the retro-reflective
marker 24 or object 32 may be performed by the control unit 18 numerous times over a
short period. This process may be performed at distinet intervals, where the process is
initiatcd at predetermined time points, or may be performed substantially continuously,
such that substantially immcdiatcly after the process is completed, it is re-mitiated. In
cmbodiments where the retro-reflective markers 24 are stationary and the control unit 18
performs retro-reflective pattern monitoring to identity marker blockage, the process may
be performed at intervals to obtain a single retro-reflective pattern at cach interval, This
muy be considered to represent a single frame having a reflection pattern corresponding

to a pattern of blocked and unblocked retro-reflective markers 24.
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[0060]  On the other hand, such procedures may essentially be performed continuously
to facilitatc idcentification of a path and/or trajectory through which the retro-reflective
marker 24 has moved. The marker 24, moving within the detection area 30, would be
detected over a particular timeframe or simply in continuous series. Here, the pattern of

reflection would be gencrated and identified over a time period.

[0061] In accordance with the embodiments set forth above, the detector 16 and
control unit 18 may operate on a variety of different timeframes depending on the
tracking to be performed and the expected movement of the tracked object through space
and time. As an example, the detector 16 and the control unit 18 may operate in
conjunction to complete all logical processes (c.g., updating analysis and control signals,
processing signals) in the time interval between the capture cvents of the detector 16.
Such processing specds may cnable substantially real-time tracking, monitoring, and
control where applicable. By way of non-limiting cxample, the detector capture events
may be between approximately 1/60 of a second and approximately 1/30 of a sccond,
thus generating between 30 and 60 frames per second. The detector 16 and the control
unit 18 may operate to receive, update, and process signals between the capture of each
frame. However, any interval between capture cvents may be utilized in accordance with

certain embodiments.

[0062] Oncc a particular pattern of retro-reflection has been detected, a determination
may be made by the control unit 18 as to whether the pattern correlates to a stored pattern
identified by the control unit 18 and corresponding to a particular action to be performed
by the amuscment park equipment 12. For example, the control unit 18 may perform a
comparison of a position, path, or trajectory of the retro-reflective marker 24 with stored
positions, paths, or trajectorics to dctermine an appropriate control action for the
equipment 12. Additionally or alternatively, as described in further detail below, the
control unit 18 may determine whether a particular pattern obtained at a particular time
point corrclates to a stored pattern associated with a particular action to be performed by

the amusement park cquipment 12. Further still, the control unit 18 may determine
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whether a sct of particular palterns obtained at particular time points correlate to a stored
pattern change associated with a particular action to be pertformed by the amusement park

equipment 12.

[0063] Whilc the control unit I8 may causc certain actions to be automatically
performed within the amusement park in the manner sct forth above, it should be noted
that similar analyses to those mentioned above may also be applied to the prevention of
certain actions (e.g., where the park equipment 12 blocks action or is blocked from
performing an action). lor cxample, in situations where a ride vehicle can be
automatically dispatched, the control unit 18, based upon tracking changes in the retro-
reflective markers 24, may halt automatic dispatching, or may even prevent dispatching
by a ride operator until additional measures are taken (¢.g.. additional confirmations that
the ride vehicle is cleared for departure). This type of control may be applicd to other
amusement park equipment, as well. For example. flame effeets. fireworks, or similar
show effects may be blocked from being triggered, may be stopped, or may be reduced in
intensity, due to intcrvention by the control unit ¥ as a rcsuit of certain pattern

determinations as described herein.

[0064]  Having gencerally described the configuration of the system 10, it should be
noted that the arrangement of the cmitter 14, detector 16, control unit 18, and other
features may vary bascd on application-specific considerations and the manner in which
the control unit 18 performs evaluations based on clectromagnetic radiation from the
retro-reflective markers 24, In the ecmbodiment of the trucking system 10 illustrated in
FI1G. 1, the emitter [4 and the sensor or detector 16 are integral features such that a plane
of operation associated with the detector 16 is essentially overlapping with a planc of
operation associated with the emitter 14.  That is, the detector 16 is located in
substantially the same position as the emitter 14, which may be desirable duc to the retro-
reflectivity of the markers 24, However, the present disclosure is not necessarily limited
to this configuration. For instance, as noted above, retro-reflection may be associated

with a cone of retlection, where the highest intensity is in the middle of the retlected
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cone. Accordingly, the detector 16 may be positioned within an arca where the reflected
cone of the retro-reflective markers is less intensc than its center, but may still be

detected by the detector 16.

[0065] By way of non-limiting example, in some embodiments, the emitter 14 and the
detector 16 may be concentric. However, the detector 16 (e.g., an infrared camera) may
be positioned in a different location with respect to the emitter 14, which may include an
infrared light bulb, onc or more diode emitters, or similar source. As illustrated in FIG.
2, the emitter 14 and detector 16 are scparatc and are positioned at different locations on
an environmental feature 40 of an amuscment attraction area (e.g., a wall or ceiling).
Specifically, the cmitter 14 of FIG. 2 is positioned outside of a window 42 of a storefront
containing other components of the system 10. The detector 16 of FIG. 2 is positioned
away from the emitter 14, but is still oriented to detect clectromagnetic radiation reflected

from the retro-reflective marker 24 and originating from the emitter 14,

[0066] For illustrative purposcs, arrows 44, 46 represent a light beam (a beam of
electromagnetic radiation) being emitted from the emitter 14 (arrow 44) into the detection
area 30, retro-reflected by the retro-reflective marker 24 on the object 26 (arrow 46), and
detected by the detector 16. The light beam represented by the arrow 44 is merely one of
numerous clectromagnetic radiation cmissions (light beams) that flood or otherwise
selectively illuminate the detection arca 30 from the emitter 14, It should be noted that
still other embodiments may utilize different arrangements of components of the system
10 and implementations in different cnvironments in accordance with the present

disclosure.

[0067] Having now discusscd the general operation of the tracking system 10 to detect
a position of retro-reflective markers 24 and/or objects 32, as illustrated in FIG. 1, certain
applications of the tracking system 10 will be described in further detail below. For
cxample, it may be desirable to track the locations of pecople within a particular area
through the usc of the disclosed tracking systems. This may be useful, for cxample, for

controlling lines in a ride vehicle loading area, controlling access to different areas,
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delermining appropriate instances when show effects can be triggered, detcrmining
appropriate instances when certain automated machinery can be moved, and may also be
uscful for assisting a live show performance (e.g., blocking actors on a stage). That is,
during performances, actors are supposcd to be standing at particular positions on the
stagc at certain times. To ensurc that the actors arc hitting their appropriatc positions at
the right time, the tracking system 10 may be installcd above the stage and used to track
the positions and/or motion of all the actors on the stage. Feedback from the tracking
system 10 may be utilized to cvaluate how well the actors arc hitting the desired spots on

the stagc.

[0068] 1In addition to blocking on a stage, the tracking system 10 may be uscd in
contexts that involve tracking and/or evaluating shoppers in a storc or other commercial
sctting. That is, a storc may be outfitted with the discloscd tracking systcms 10 in order
to detcrminc where guests are spending timc within the store. Instead of triggering a
show cffect, such tracking systcms 10 may be used to monitor the flow of pcople within
the store and control the availability of ccrtain items as a result, control the flow of
movement of people, ele. For instance, information collected via the disclosed tracking
systems 10 may be used to identify and cvaluate which sctups or displays within the store
arc most attractive, to determine what itcms for sale are the most popular, or to dctermine
which areas of the storc, if any, are too crowded. This information may be analyzed and
used to improve the store layout, product development, and crowd management, among

other things.

[0069] It should be noted that other applications may exist for tracking positions of
people, objccts, machines, cte. within an arca other than those described above. Presently
disclosed tracking systems 10 may be configured to identify and/or track the position and
movement of pcople and/or objects within the detection arca 30. The tracking system 10
may accomplish this tracking in several different ways, which were introduced above and
are explained in further detail below. It should be noted that the tracking system 10 is

configured to dctect a position of one or more people, onc or more objects 32, or a
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combination of different features, at the same time in the same detection area 30 using the
single emitter 14, detcctor 16, and control unit 18. However, the use of multiple such
emitters 14, detectors 16, and control units 18 is also within the scope of the present
disclosurc. Accordingly, there may be one or more of the emitters 14 and one or more of
the detectors 16 in the detection arca 30. Considerations such as the type of tracking to
be performed, the desired range of tracking, for redundancy, and so forth, may at least

partially determine whether multiple or a single emitter and/or detector are utilized.

[0070] For instance, as noted above, the tracking system 10 may gencrally be
configured to track a target moving in space and in time (e.g., within the detection area
30 over time). When a single detection device (e.g., detector 16) is utilized, the tracking
system 10 may monitor retro-reflected electromagnetic radiation from a defined
orientation to track a person, object, ctc. Because the detector 16 has only onc
perspective, such detection and tracking may, in some embodiments, be limited to
performing tracking in only one plane of movement (e.g., the tracking is in two spatial
dimensions). Such tracking may bc utilized, as an example, in situations where the
tracked target has a relatively low number of degrees of freedom, such as when
movement is restricted to a constrained path (e.g., a track). In one such embodiment, the

target has a determined vector orientation.

[0071] On the other hand, when multiple detection devices arc utilized (e.g., two or
more of the detectors 16) to track a target in both space and time, the tracking system 10
may monitor retro-reflected electromagnetic radiation from multiple orientations. Using
these multiple vantage points, the tracking system 10 may be able to track targets having
multiple degtees of freedom. In other words, the use of multiple detectors may provide
both vector orientation and range for the tracked target. This type of tracking may be
particularly uscful in situations where it may be desirable to allow the tracked target to

have unrestricted movement in space and time.

[0072] Multiple detectors may also be desirable for redundancy in the tracking. For

example, multiple detection devices applied to scenarios where movement of the target is
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restricted, or not, may enhance the reliability of the tracking performed by the tracking
system 10. The use of redundant detectors 16 may also cnhance tracking accuracy, and
may help prevent geometric occlusion of the target by complex geometric surfaces, such

as winding pathways, hills. folded clothing, opening doors, and so on.

[0073]  In accordance with one aspect of the present disclosure, the tracking system 10
may track relative positions of multiple targets (c.g.. people, objects, machines)
positioned within the detection arca 30 through the usc of the retro-reflective markers 24.
As illustrated in FIG. 3, the retro-reflective markers 24 may be disposed on a person 70).
Additionally or alternatively, the marker 24 may be positioned on a machine or other
object (¢c.g., object 26).  Accordingly, the techniques disclosed herein for tracking
movement of the person 70 in space and time may also be applied to movement of an
object in the amusement park. cither in addition to the person 70 or as an alternative to
the person 70. Tn such ecmbodiments, the marker 24 may be positioned on an outside of

the object 26 (e.g., a housing), as shown in FIG. 1.

[0074] In thc illustrated ¢mbodiment of FIG. 3, the retro-reflective marker 24 is
disposed on the outside of the person’s clothing. For instance. the retro-reflective marker
24 may be applicd as a strip of retro-reflective tape applied to an armband, headbuand,
shirt, personal identification feature. or other article. Additionally or alternatively, the
retro-reflective marker 24 may, in some embodiments, be sewn into clothing or applied to
the clothing as a coating. The retro-reflective marker 24 may be disposed on the clothing
of the person 70 in a position that is aceessible to the clectromagnetic radiation beam 28
being cmitted from the emitter 14, As the person 70 walks about the detection arca 30 (in
the casc of the object 32, the object 32 may move through the arca 30), the
clectromagnetic radiation beam 28 reflects off the retro-reflective marker 24 and back to
the detector 16, The detector 16 communicates with the control unit 18 by sending a
signal 72 to the processor 20, this signal 72 being indicative of the reflected
clectromagnetic radiation detected via the detector 16, The tracking system 10 may

interpret this signal 72 to track the position or path of the person 70 (or object 32) moving

]
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about a designated arca (i.c., track the person or object in space and time). Again,
depending on the number of detcctors 16 utilized, the control unit 18 may determine
vector magnitude, orientation, and sense of the person and/or object’s movement based

on the retro-reflected electromagnetic radiation received.

[0075] The tracking of the person 70 (which may also be representative of a moving
object) is illustrated schematically in FIG. 4. More specifically, FIG. 4 illustrates a serics
80 of frames 82 captured by the detector 16 (c.g., camera) over a period of time. As
noted above, a plurality of such frames (e.g., between 30 and 60) may be gencrated cvery
second in certain embodiments. It should be noted that FIG. 4 may not be an actual
representation of outputs produced by the tracking system 10, but is described herein to
facilitate an understanding of the tracking and monitoring performed by the control unit
18. The framcs 82 cach represent the detection arca 30, and the position of the retro-
reflective marker 24 within the area 30. Alternatively, the frames 82 may instecad
represent marker blockage within the area 30, for example where a grid of markers 24 arc

occluded by an object or person.

[0076] As shown, a first frame 82A includes a first instance of the retro-reflective
marker, designated as 24A, having a first position. As the scrics 80 progresses in time, a
second frame 82B includes a second instance of the retro-reflective marker 24B, which is
displaced relative to the first instance, and so on (thereby producing third and fourth
instances of the retro-reflective marker 24C and 24D). After a certain period of time, the
control unit 18 has generated the serics 80, where the operation of gencrating the scries

80 is generally represented by arrow 84.

[0077]  The series 80 may be evaluated by the control unit 18 in a number of different
ways. In accordance with the illustrated embodiment, the control unit 18 may cvaluate
movement of the person 70 or object 32 by evaluating the positions of the marker 24 (or
blockage of certain markers) over time. For cxample, the control unit 18 may obtain
vector orientation, range, and sense, relating to the movement of the tracked target

depending on the number of detectors 16 utilized to perform the tracking. In this way,
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the control unil 18 may be considered o evaluate a composite frame 86 representative of
the movement of the tracked retro-reflective marker 24 (or tracked blockage of markers
24) over time within the detection arca 30, Thus, the composite frame 86 includes the
various instances of thc retro-reflective marker 24 (including 24A, 24B, 24C, 24D),
which may be analyzed to determine the overall movement of the marker 24 (and,

therefore, the person 70 and/or object 26, whichever the casc may be).

[0078]  As also illustrated in FIG. 4, this monitoring may bc performed relative to
certain environmental clements 88, which may be fixed within the detection arca 30
and/or may be associated with reflective materials. The control unit 18 may perform
operations not only based on the detected positions of the marker 24, but also based on
extrapolated movement (e.g., a projected path of the retro-reflective marker 24 through
the dctection arca 30 or projected positions of marker grid occlusion) in rclation to the

cnvironmental elements 8§.

[0079]  Another method for tracking onc or more people 70 or objccts 32 in an area is
illustrated schematically in FIG. 5. Specifically, FIG. S represents an overhead view of a
group of pcople 70 standing in the dctection area 30. Although not illustrated, the
tracking system 10 may be present dircctly above this detection arca 30 in order to detect
positions of people 70 (and other objects) present within the detection area 30 (e.g., to
obtain a plan vicw of the detection arca 30). In the illustrated cmbodiment, the retro-
reflective markers 24 arc positioned in a grid pattern 90 on a floor 92 of the dctection
arca 30 (c.g., as a coating, picces of tape, or similar attachment mcthod). The retro-
reflective markers 24 may be arranged in any desired pattern (e.g., grid, diamond, lincs,
circles, solid coating, etc.), which may be a rcgular pattern (e.g., repeating) or a random

pattern.

[0080] This grid pattern 90 may be storcd in the memory 22, and portions of the grid
pattern 90 (c.g., individual markers 24) may be correlated to locations of certain
cnvironmental elements and amusement park featurcs (e.g., the amuscment park

cquipment 12). In this way, the position of cach of the markers 24 relative to such
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clements may be known.  Accordingly, when the markers 24 retro-reflect the
clectromagnctic radiation beam 28 to the detector 16, the location of the markers 24 that

are reflecting may be determined and/or monitored by the control unit 18.

[0081] As illustrated, when the people 70 or objects 32 are positioned over onc or
more of the retro-reflective markers 24 on the floor 92, the occluded markers cannot
reflect the emitted electromagnetic radiation back to the detector 16 above the floor 92.
Indeed, in accordance with an embodiment, the grid pattern 90 may include retro-
reflective markers 24 that arc spaced apart by a distance that allows the people or objects
positioned on the floor 92 to be detectable (c.g., blocking at least one of the retro-
reflective markers 24). In other words, the distance between the markers 24 may be
sufficiently small so that objects or pecople may be positioned over at least onc of the

retro-reflective markers 24.

[0082] In opecration, the detector 16 may function to detect the electromagnetic
radiation beam 28 retro-reflected from the retro-reflective markers 24 that arc not covered
up by pcople or objects located in the detection area 30. As discussed above, the detector
16 may then provide data associated with this detection to the control unit 18 for
processing.  The control unit 18 may perform a comparison of the dctected
electromagnetic radiation beam reflected off the uncovered retro-reflective markers 24
(c.g., a detected pattern) with stored positions of the completely uncovered grid pattern
90 (c.g., a stored pattern) and/or other known grid patterns resulting from blockage of
certain markers 24. Bascd on this comparison, the control unit 18 may dctermine which
markers 24 are covered to then approximate locations of the people 70 or objects 32
within the plane of the floor 92. Indeed, the use of a grid positioned on the floor 92 in
conjunction with a single detector 16 may enable the tracking of movement in two
dimensions. If higher order tracking is desired, additional grids and/or additional
detectors 16 may be utilized. In certain embodiments, based on the locations of the
people 70 or objects 32 in the detection area 30, the control unit 18 may adjust the

operation of the amusement park equipment 12.
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[0083]  The proccss of cmitting the electromagnetic radiation beam 2¥, sensing of the
refleeted clectromagnctic radiation from the uncovered retro-reflective markers 24 on the
floor 92, and dctermining a location of the people 70 may be performed by the control
unit 18 numerous times over a short period in order to identify a series of locations of the
pcople 70 moving about the floor 92 (to track motion of the group). Indeed, such
procedurcs may cssent}ally be performed continuously to facilitate identification of a path
through which the people 70 have moved within the detection area 30 during a particular
timeframc or simply in continuous series. Once thc position or path one or more of the
people 70 has been detected, the control unit 18 may further analyze the position or path

to determine whether any actions should be performed by the cquipment 12.

[0084]  As discussed in detail above with respect to FIG. 1, the control unit 18 may be
configurcd to identify certain objects that arc expected to cross the path of the
clectromagnctic radiation beam 28 within the detection arca 30, including objccts that are
not marked with retro-reflective material. For example, as illustrated in FIG. 6, somc
cmbodiments of the tracking system 10 may be configured such that the control unit 18 is
able to identify the person 70 (which is also intended to be representative of the object
32) located in the detection arca 30, without the use of the retro-reflective markers 24.
That is, the control unit 18 may rcceive data indicative of the clectromagnctic radiation
reflected back from the detection area 30, and the control unit 18 may compare a digital
signaturc of the detected radiation to onc or morc possible data signatures stored in
memory 22. That is, if the signature of clcctromagnctic radiation reflected back to the
detector 16 matches closcly cnough to the signaturc of a person 70 or known object 32,
then the control unit 18 may determine that the person 70 or object 32 is located in the
detection arca 30. For example, the control unit 18 may identify “dark spots,” or regions
where clectromagnctic radiation was absorbed rather than reflected, within the detection
area 30. Thesc arcas may have a geometry that the control unit 18 may analyze (e.g., by
comparing to shapes, sizes, or other featurcs of stored objects or people) to identify a

presence, location, size, shape, etc., of an objcct (c.g., the person 70).
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[0085] As may be appreciated with reference to FIGS. 1, 2, 3, and 6, the tracking
system 10 may be positioned in a variety of locations to obtain diffcrent views of the
detection areca 30. Indeed, it is now recognized that different locations and combinations
of locations of one or more of the tracking systems 10 (or one or more clements of the
tracking system 10, such as multiple detcctors 16) may be desirable for obtaining certain
types of information relating to the retro-reflective markers 24 and the blockage thereof.
For instance, in FIG. 1, the tracking system 10, and in particular the detector 16, is
positioned to obtain an elevational view of at least the object 26 fitted with the retro-
reflective marker 24 and the object 32. In FIG. 2, the detector 16 is positioned to obtain
an overhead perspective view of the detection area 30, which enables detection of retro-
reflective markers 24 positioned on a variety of environmental clements, moving objects,
or people. In the embodiments of FIGS. 3 and 6, the detector 16 may be positioned to

obtain a plan view of the dctection area 30.

[0086] These different views may provide information that may be utilized by the
control unit 18 for spccific types of analyses and, in certain embodiments, control actions
that may depend on the particular setting in which they are located. For example, in FIG.
7, the tracking system 10, and particularly the cmitter 14 and the detector 16, are
positioned to obtain a perspective view of the person 70 (or object 32) in the detection
arca 30. The detection area 30 includes the floor 92, but also includes a wall 93 on which
the retro-reflective markers 24 are positioned to form the grid pattern 90. Here, the
person 70 is blocking a subset of markers 24 positioned on the wall 93. The subset of
markers 24 are unable to be illuminated by the emitter 14, are unable to retro-reflect the
electromagnetic radiation back to the detector 16, or both, because the person 70 (also
intended to represent an object) is positioned between the subsct of markers 24 and the

cmitter 14 and/or detector 16.

[0087] The grid pattern 90 on the wall 93 may provide information not necessarily
available from a plan view as shown in FIGS. 3 and 6. For example, the blockage of the

retro-reflective markers 24 enables the control unit 18 to determine a height of the person

27




WO 2015/179682 PCT/US201%/032031

70, a profile of the person 70, or, in embodiments where there the object 32 1s present, a
size of the object 32. a profile of the object 32, and so forth. Such determinations may be
made by the control unit 18 to cevaluate whether the person 70 meets a height requirement
for a ride, to evaluate whether the person 70 is associated with onc or more objects 32
(c.g.. bags, strollers), and may also be uscd to track movement of the person 70 or object
32 through the detection arca 30 with a greater degree ol accuracy compared to the plan
view sct forth in FIGS. 3 and 6. That is, the control unit 13 is better able to tic movement
identificd by blockage of the markers 24 to a particular person 70 by determining the
person’s profile, height, cte. Similarly, the control unit 18 is better able to track the
movement of the object 32 through the detection arca 30 by identifying the geometry of
the objeet 32, and tying identitied movement specifically to the object 32, In certain
embodiments, tracking the height or profile of the person 70 may be performed by the
tracking system 10 to cnable the control unitl & to provide recommendations to the person
70 bascd on an analysis of the person’s evaluated height, profile, cte.  Similar
determimations and recommendations may be provided for objects 32, such as vcehicles.
For ¢xample, the control unit 18 may analyze a profile of gucsts at an entrance to a qucue
arca for a ride. The control unit 18 may compare the overall size, height, cte., of the
person 70 with ride specifications to warn individuals or provide a confirmation that they
arc able to ride the ride before spending time in the quceue. Similarly, the control unit 18
may analyze the overall size, length, height. cte., of a vehicle to provide parking
rccommendations based on available space. Additionally or alternatively, the control unit
18 may analyze the overall size, profile, ctc., of an automated picce cquipment before
allowing the equipment to perform a particular task (c.g.. movement through a crowd of

people).

[0088]  The pattern 90 may also be positioned on both the wall 93 und the Noor 92,
Accordingly, the tracking system 10 may be able to reccive retro-reflected
clectromagnetic radiation from markers 24 on the wall 93 and the floor 92, thercby
enabling detection of marker blockage and monitoring of movement in three dimensions.

Specifically, the wall 93 may provide information in a height direction 94, while the floor
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92 may provide information in a depth direction 96. Information from both the height
dircction 94 and the depth dircction 96 may be corrclated to one another using
information from a width dircction 98, which is available from both the plan and

clevational views.

[0089] Indced, it is now recognized that if two objects 32 or people 70 overlap in the
width direction 98, they may be at least partially resolved from onc another using
information obtained from the depth direction 96. Further, it is also now recognized that
the use of multiple emitters 14 and detectors 16 in different positions (c.g., different
positions in the width direction 98) may cnable resolution of height and profile
information when certain information may be lost or not casily resolved when only one
emitter 14 and detector 16 are present. More specifically, using only one emitter 14 and
detector 16 may result in a loss of certain information if there is overlap between objects
32 or people 70 in the width direction 98 (or, more generally, overlap in a direction
between the markers 24 on the wall 93 and the detector 16). However, embodiments
using multiple (e.g., at lcast two) detectors 16 and/or cmitters 14 may causc distinct retro-
reflective patterns to be produced by the markers 24 and observed from the detectors 16
and/or emitters 14 positioned at different perspectives. Indeed, because the markers 24
arc rctro-reflective, they will retro-reflect electromagncetic radiation back toward the
electromagnetic radiation source, even when multiple sources emit at substantially the
same time. Thus, clectromagnetic radiation emitted from a first of the emitters 14 from a
first perspective will be retro-reflected back toward the first of the emitters 14 by the
markers 24, while electromagnetic radiation emitted from a second of the emitters 14 at a
second perspective will be retro-reflected back toward the second of the emitters 14 by
the markers 24, which enables multiple sets of tracking information to be produced and

monitored by the control unit 18.

[0090] It is also now recognized that the retro-reflective markers 24 on the wall 93
and the floor 92 may be the same, or different. Indeed, the tracking system 10 may be

configured to determine which clectromagnctic radiation was reflected from the wall 93
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versus which electromagnctic radiation was reflected from the floor 92 using a
dircctionality of the retro-reflected clectromagnctic radiation from the wall 93 and the
floor 92. In other embodiments, different materials may be used for the markers 24 so
that, for example, different wavelengths of electromagnctic radiation may be reflected
back toward the emitter 14 and detector 16 by the different materials. As an cxample, the
retro-reflective markers 24 on the floor 92 and the wall 93 may have the same rctro-
reflective elements, but different layers that act to filter or otherwise absorb portions of
the cmitted electromagnctic radiation so that electromagnetic radiation reflected hy the
retro-reflective markers 24 on the floor 92 and wall 93 have characteristic and different
wavelengths. Because the different wavelengths would be retro-reflected, the detector 16
may detcct these wavelengths and scparate them from ambient clectromagnctic radiation,

which is filtered by filter clements within the detector 16.

[0091]  To help illustrate, FIG. 8 depicts cxpanded cross-sectional views of cxample
retro-reflective markers 24 disposed on the floor 92 and the wall 93 within the detection
arca 30. The markers 24 on the floor 92 and the wall 93 cach include a reflective layer 96
and a retro-reflective material layer 98, which may be the same or different for the floor
92 and wall 93. In the illustrated embodiment, they are the samc. During operation,
electromagnetic radiation emitted by the cmitter 14 may traverse a transmissive coating
99 before striking the retro-reflective material layer 98. Accordingly, the transmissive
coating 99 may bec used to adjust the wavclengths of clectromagnetic radiation that arc
retro-reflected by the markers. In FIG. 8, the markers 24 on the floor 92 include a first
transmissive coating 99A, which is different than a second transmissive coating 99B in
thec markers 24 on the wall 93. In certain embodiments, different optical propertics
between the first and sccond transmissive coatings 99A, 99B may cause a diffcrent
bandwidth of clectromagnetic radiation to be reflected by the markers 24 on the floor 92
and the markers 24 on the wall 93. While presented in the context of being disposcd on
the floor 92 and the wall 93, it should be noted that markers 24 having different optical

properties may bc used on a variety of different clements within the amusement park,
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such as on people and environmental elements, pcople and moving equipment, and so on,

to facilitate scparation for processing and monitoring by the control unit 18.

[0092] Any one or a combination of the techniques sct forth above may be used to
monitor a single object or person, or multiple objects or people. Indeed, it is presently
recognized that a combination of multiple retro-reflective marker grids (e.g., on the floor
92 and wall 93 as set forth above), or a combination of one or more retro-reflective
marker grids and one or more tracked retro-reflective markers 24 fixed on a movable
object or person, may be utilized to enable three-dimensional tracking, even when only
onc detector 16 is utilized. Further, it is also recognized that using multiple retro-
reflective markers 24 on the same person or object may cnable the tracking system 10 to

track both position and orientation.

{0093] In this regard, FIG. 9A illustrates an embodiment of the object 26 having
multiple retro-reflective markers 24 positioned on different faces of the object 26.
Specifically, in the illustrated embodiment, the retro-reflective markers 24 are disposed
on three different points of the object 26 corresponding to three orthogonal directions
(e.g., X, Y, and Z axes) of the object 26. However, it should be noted that other
placements of the multiple retro-reflective markers 24 may be used in other
embodiments. In addition, the tracking depicted in FIG. 9A may be performed as
generally illustrated, or may also utilize a grid of the retro-reflective markers 24 as shown

in FIG. 7.

[0094] As noted above, the tracking system 10 may include multiple detectors 16
configured to sense the electromagnetic radiation that is reflected back from the object
26, for example. Each of the retro-reflective markers 24 disposed on the object 26 may
retro-reflect the emitted electromagnetic radiation beam 28 at a particular, predetermined
frequency of the electromagnetic spectrum of the electromagnetic radiation beam 28.
That is, the retro-reflective markers 24 may retro-reflect the same or different portions of

the clectromagnetic spectrum, as gencrally set forth above with respect to FIG. 8.
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[0095]  The control unit 18 is configured to detect and distinguish the electromagnetic
radiation reflected at these particular frequencics and, thus, to track the motion of each of
the scparate retro-reflective markers 24. Specifically, the control unit 18 may analyze the
detected locations of the scparate retro-reflective markers 24 to track the roll (e.g.,
rotation about the Y axis), pitch (c.g., rotation about the X axis), and yaw (c.g., rotation
about the Z axis) of the object 26. That is, instead of only determining the location of the
object 26 in space relative to a particular coordinate system (c.g., defined by the detection
area 30 or the detector 16), the control unit 18 may determine the orientation of the object
26 within the coordinate system, which cnables the control unit 18 to perform enhanced
tracking and analyses of the movement of the object 26 in space and time through the
detection arca 30. For instance, the control unit 18 may perform predictive analyses to
estimate a future position of the object 26 within the detection arca 30, which may cnable
enhanced control over the movement of the object 26 (c.g., to avoid collisions, to take a

particular path through an arca).

[0096] [n certain cmbodiments, such as when the object 26 is a motorized object, the
tracking system 10 may track the position and orientation of the objcct 26 (e.g., a ride
vehicle, an automaton, an unmanned aerial vchicle) and control the object 26 to proceed
along a path in a predetermined manner. The control unit 18 may, additionally or
alternatively, compare the results to an cxpected position and orientation of the objcct 26,
for cxample to determinc whether the object 26 should be controlled to adjust its
operation, and/or to determinc whether the object 26 is operating properly or is in nced of
some sort of maintenance. In addition, the estimated position and orientation of thc
object 26, as determined via the tracking system 10, may be used to trigger actions
(including preventing certain actions) by other amusement park equipment 12 (e.g., show
effects). As one example, the object 26 may be a ride vehicle and the amusement park
cquipment 12 may be a show cffcct. In this example, it may be desirable to only trigger
the amuscment park equipment 12 when the objeet 26 is in the expected position and/or

orientation.
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[0097] Continuing with the manner in which tracking in three spatial dimensions may
be preformed, FIG. 9B depicts an example of the object having a first marker 24A, a
sccond marker 24B, and a third marker 24C positioned in similar positions as set forth in
FIG. 9A. However, from the perspective of a single one of the detectors 16, the detector
16 may sce a two-dimensional representation of the object 16, and the markers 24A, 24B,
24C. From this first perspective (e.g., overhead or bottom view), the control unit 18 may
determine that the first and sccond markers 24A, 24B are separated by a first observed
distance d1, the first and third markers 24A, 24C are separated by a second observed
distance d2, and the sccond and third markers 24B, 24C arc separated by a third obscrved
distance d3. The control unit 18 may compare these distances to known or calibrated

values to estimate an orientation of the object 26 in three spatial dimensions.

[0098] Moving to FIG. 9C, as thc object 26 rotates, the detector 16 (and,
correspondingly, the control unit 18) may detect that the apparent shape of the object 26
18 different. However, the control unit 18 may also determine that the first and second
markers 24A, 24B arc scparated by an adjusted first observed distance d1°, the first and
third markers 24A, 24C are separated by an adjusted second obscrved distance d2°, and
the second and third markers 24B, 24C are separated by an adjusted third observed
distance d3°. The control unit 18 may dctermine a difference between the distances
detected in the orientation in FIG. 9B and the distances detected in the orientation in FIG.
9C to determine how the orientation of the object 26 has changed to then determine the
orientation of the object 26. Additionally or alternatively, the control unit 18 may
comparc the adjusted obscrved distances d1°, d2°, d3’ resulting from rotation of the
object 26 to stored values to csfimate an orientation of the object 26 in three spatial
dimensions, or to further refine an update to the orientation determined bascd on the

change between the distances in FIG. 9B and 9C.

[0099]  As sct forth above, present embodiments are directed to, among other things,
the use of the disclosed tracking system 10 to track objects and/or people within an

amuscement park cnvironment. As a result of this tracking, the control unit 18 may, in
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some embodiments, cause certain sutomated functions to be performed within various
subsystems of the amuscment park. Accordingly, having described the general operation
of the disclosed tracking system 10, more specific ecmbodiments of tracking and control
operations arce provided below to tacilitate a better understanding of certain aspects of the

present disclosure.

[00100] Moving now to FIG. 10, an embodiment of o method 100 of monitoring
changes in reflected clectromagnetic radiation to track movement of a target and control
amusement park cquipment as result of this monitoring is illustrated as a flow diagram.
Specifically, the method 100 includes the use of onc or more of the emitters 14 (c.g., an
cmission subsystem) to flood (block 102) the detection arca 30 with electromagnctic
radiation (e.g., electromagnetic radiation beam 28) using the emission subsystem.  For
instance, the control unit I8 may cause onc or morc of the cmitters 14 to intermitiently or
substantially continuously flood the detection arca 30 with emitted clectromagnetic
radiation. Again, the clectromagnetic radiation may be any appropriate wavelength that
is abie to be retro-reticeted by the retro-reflective markers 24, This includes, but is not
limited to, ultraviolet, intrared, and visible wavelengths of the electromagnetic spectrum.
It will be appreciated that different emitters 14, and in somc embodiments, different
markers 24, may utilize different wavelengths of clectromagnctic radiation to facilitate

differentiation of various celements within the area 30.

[00101] After tlooding the detection area 30 with clectromagnetic radiation in
accordance with the acts generally represented by block 102, the method 100 proceeds to
detecting (block 104) clectromagnetic radiation that has been reflected from one or more
clements in the detection arca 30 (e.g., the retro-reflective markers 24). The detection
may be performed by one or more of the detectors 16, which may be positioned relative
to the emitter 14 as generally set forth above with respect to FIGS. 1 and 2. As desceribed
above and sct forth i further detail betow. the features that perform the detection may be
any appropriate clement capable of and specifically configured to capture retro-reflected

clectromagnetic radiation and cause the captured retro-reflective  clectromagnctic




WO 2015/179682 PCT/US2015/032031

radiation to be correlated to a region of the detector 16 so that information transmitted
from the detector 16 to the control unit 18 retains position information regarding which of
the markers 24 reflected electromagnetic radiation to the detector 16. As onc specific but
non-limiting cxample, onc or morc of the dctectors 16 (e.g., present as a detection
subsystem) may include charge coupled devices within an optical camera or similar

feature.

[00102] As described above, during the course of operation of the tracking system 10,
and while people 70 and/or objects 26, 32 are present within the detection area 30, it may
be cxpected that changes in reflected clectromagnetic radiation will occur. These
changes may be tracked (block 106) using a combination of the onc or more detectors 16
and routines performed by processing circuitry of the control unit 18. As one example,
tracking changes in the reflected clectromagnetic radiation in accordance with the acts
generally represented by block 106 may include monitoring changes in reflected patterns
from a grid over a certain period of time, monitoring changes in spectral signaturcs
potentially caused by certain absorptive and/or diffusively or spccularly reflcctive
elements present within the detection area 30, or by monitoring certain moving retro-
reflective clements. As described below, the control unit 18 may be configured to
perform certain types of tracking of the changes in reflection depending on the nature of

the control to be performed in a particular amusement park attraction environment.

[00103] At substantially the same time or shortly after tracking the changes in reflected
clectromagnetic radiation in accordance with the acts generally represented by block 106,
certain information may be evaluated (block 108) as a result of these changes by the
control unit 18. In accordance with one aspect of the present disclosure, the evaluated
information may include information pertaining to one or more individuals (e.g.,
amuscment park guests, amusement park cmployees) to enable the control unit 18 to
monitor movement and positioning of various individuals, and/or make determinations
relating to whether the person is appropriately positioned relative to certain amusement

park fcatures. In accordance with another aspect of the present disclosure, the
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information cvaluated by the control unit 18 may include information relating to objects
26, 32, which may bc cnvironmental objects, moving objects, the amusement park
cquipment 12, or any other device, item, or other feature present within the detection arca
30. Further details regarding the manner in which information may be cvaluated is
deseribed in further detail below with reference to specific examples of amusement park

cquipment controlled at least in part by the control unit 1.

[00104] As illustrated, thc method 100 also includes controlling (block 110)
amusement park cquipment based on the information (c¢.g.. monitored and analyzed
movement of people and/or objects) evaluated in accordance with acts generally
represented by block 10X, It should be noted that this control may be performed in
conjunction with concurrent tracking and evaluation to cnable the control unit 18 to
perform many of the steps sct forth in method 100 on a substantially continuous basis and
in real-time (e.g., on the order of the rate of capture of the detector 16), as appropriate. In
addition, the amusement park cquipment controlled in accordance with the acts gencrally
represented by block 110 may include automated cquipment such as ride vehicles, access
gates, point-of-sale kiosks, informational displays, or any other actuatable amusement
park device. As another example. the control unit 18 may confrol certain show effects
such as the ignition of a flame or a firework as a result of the tracking and evaluation
performed in accordance with method 100, More details relating to certain of these

specific examples are described in further detail below.

[00105] In accordance with a more particular aspect of the present disclosure, the
present embodiments relate to the tracking of certain objects 26, 32 and people 70 within
an amuscment park attraction arca, In certain embodiments, park equipment may be
controlled based on this information. The amusement park ¢quipment controlled in
accordance with present embodiments may include. by way of example, automatons,
automated vehieles. unmanned acrial vehicles, show cquipment (c.g., flames, fireworks).
and so forth. In accordance with this aspect, FIG. 11 illustrates an embodiment of a

method 120 for monitoring patterns of reflection to track and control automated
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amusement park equipment as a result of monitoring cither or both of people within an

amusement park arca.

[00106] As illustrated, the method 120 includes monitoring (block 122) a pattern of
reflection. The monitoring performed in accordance with the acts generally represented
by block 122 may be considered to be performed using the tracking system 10, cither
alone or in combination with other featurcs of an amusement park control system. To
facilitatc discussion, the disclosure set forth below may refer to a control system that is
communicatively coupled to a number of different devices including the tracking system

10, as well as the amusement park cquipment to be controlled.

[00107] Monitoring the pattern of reflection in accordance with block 122 may include
monitoring a number of diffcrent features in the manner described above with respect to
FIGS. 3-9. Accordingly, thc monitoring performed in accordance with block 122 may
include monitoring a pattern gencrated over time by a marker being tracked within the
detection area 30, or may include monitoring a pattern of reflection generated at any one
time instance by a plurality of retro-reflective markers 24 positioned within the detection
area 30 (c.g., a grid), or a combination of these techniques. Further still, the monitoring
performed in accordance with block 122 may not involve the usc of the markers 24, such
as in situations where the tracking system 10 is employed to track specular and/or diffusc
reflection. In some embodiments, a combination of these patterns may be monitored in
accordance with block 122, for example when one or more of the retro-reflective markers
24 is positioned on the person 70, while other retro-reflective markers 24 are positioned
on other objects 32, the wall 93, the floor 92, or any other environmental feature in the

detection area 30.

[00108] The method 120 also includes determining (block 124) differences between
detected patterns of reflection and stored patterns of reflection. For example, a detected
pattern may be considered to be a pattern generated cither at any onc instance (e.g. using
a grid) or over time by a single or multiple tracked retro-reflective markers 24, The

stored patterns may be considered to represent patterns stored in the memory 22 of the
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control unit 18, which may bc correlated to different tyvpes of information, such as
bchavioral information, certain types of movement, orientations, and/or locations, height
or other geometric information, or the like. Tn one embodiment, the control unit 18 may
determine differences between the detected pattern of reflection and the stored pattern of
reflection to further determine whether the detected pattern corrclates fo a particular
control action associated with stored pattern, either based on this information alone or
when the information is considered in conjunction with additional @ priori information
(e.g.. prior knowledge of a desired travel path through an amusement park, prior

knowlcdge of the size and shape of the object 26, 32).

[00109] The method 120 may also include using the identified position to causc
triggerig  (including preventing) of automated park cquipment (block 12X).  For
example. an identitied position may causce the control unit 18 to trigger a show cffeet.
adjust an operational parameter of a ride vehicle. adjust an orientation, speed, cte., of a
motorized object (e.g., a UAV), or similar actions. Further still, where certain show
cffecis are associated with a conirolled object (¢.g., a contiolled ride vehicic). the show
effects may be triggered bascd. at leust in part, on a position, oricntation, speed, cte., of

the controlled object.

f00110]  An cxample embodiment of an amusement park attraction and control system
140 that may perform all or part of method 120 is depicted in FIG. 12, Specitically, the
system 140 of FIG. 12 includes a control system 142, which may include processing
circuitry configurcd to perform functions that arc specilic to 4 particular park aftraction
and coordinate those actions with the tracking system 10, Indeed. as illustrated, the
control svstem 142 may include the control unit 18, Ax also illustrated, the control
system 142 1s communicatively coupled to an emission subsystem 144, which includes
onc or more of the emitters 14, and a detection subsystem 146, which includes one or

more of the detectors 16.

[00111] Using information obtained from the detection subsystem 146, as well as

routines and reference information stored in the processing circuitry of the control unit
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18, the control system 142 may track, and in some ¢mbodiments, control automated
attraction cquipment 12 to which it is communicatively and/or operatively coupled. The
particular embodiment of the amusement park attraction and control system 140
illustrated in FIG. 12 is configured to perform various monitoring and control actions
bascd at least in part on monitoring patterns of reflection obtained from retro-reflective
markers 24 positioned on static and/or moving clements of the detection arca 30. As an
example, the detection area 30 may represent an attraction arca of an amusement park
where automated mobile objects arc configured to move about the attraction area for
cntcrtainment purposcs, intcractivity purposcs, and so forth. The operation of the

attraction equipment (2 is described in further detail below.

[00112] In the particular embodiment illustrated in FIG. 12, the retro-reflective markers
24 may be considered to be divided into a first subsct 148 and a sccond subsct 150. Each
marker 24 of the first subset 148 has a distance from the attraction equipment 12 that is at
or below a threshold distance from the attraction equipment 12. Indeed, the first subsct
148 of retro-reflective markers 24 may be considered to represent a proximity region of
the attraction equipment 12, meaning that any object or person positioned over one or
more of the retro-reflective markers 24 of the first subsct 148 may be considered to be
positioned in closc proximity to the attraction cquipment 12. On the other hand, the
markers 24 of the second subset 150 have a distance that is outside of the predetermined
distance defining the first subsct 148. Accordingly, the sccond subsct 150 of markers 24
may be considered to be beyond (e.g., outside of) a proximity boundary 152 associated
with the attraction equipment 12. Any object or person positioned over the sccond subset
150 may therefore be considered to not be in a closc proximity to the attraction

equipment 12.

[00113] In accordance with an aspcct of the present disclosure, the proximity boundary
152 may be determined bascd on the particular configuration of the attraction cquipment
12. For example, if the attraction equipment 12 is a motorized or movable object, the

proximity boundary 152 may move with the attraction cquipment. Further, the degree of
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control of the attraction cquipment 12 (c.g., the ability to perform finc controi of
movement of the attraction cquipment 12) may also at lcast partially determine the

distancc of the proximity boundary 152 from the attraction equipment 12,

[00114] In opcration, the control system 142 may monitor, using the emission
subsystem 144 and thc detection subsystem 146, blockage (occlusion) of certain of the
retro-reflective markers 24. As one example, the control system 142 may monitor the
first subset 148 of markcrs 24 and, as a result of any identification that onc or more of the
markers 24 of the first subset 148 is blocked by an object or person, may cause the
attraction equipment 12 to trigger (e.g., move). This triggering may, additionally or
alternatively, be triggering of a show cffect, triggering of an automated gate, or similar
action. However, the triggering of the attraction equipment 12 may not nccessarily
denote triggering of an amusement featurc. For instance, triggering of the attraction
equipment 12, in some instances, may cause certain fail-safes to be engaged that prevent
certain actions by the attraction cquipment 12. Onc cxamplc of such a control action
might bc to prevent movement of the attraction cquipment 12 (c.g., prevention of
movement of a robot). For cxample, as illustrated in FIG. 12, the attraction cquipment 12
may include or be associated with an actuation system 154, which may include various
electromechanical drives, brakes, rotors, pumps, propcllant release systems, or any other
system capable of producing a motive force to move the attraction equipment 12 through

the detection arca 30.

[00115] The attraction cquipment 12 may, in some cmbodiments, include certain types
of circuitry that facilitates communication and processing. For instance, while the
attraction equipment 12 is shown as being in communication with the control system 142
via a communication line 156, the communication between these features may be wired
or wireless. Accordingly, in certain embodiments, the attraction cquipment 12 may
include, for cxample, a transceiver 158 configured to cnable the transmission and receipt
of signals from and to the attraction equipment 12, rcspectively. The attraction

cquipment 12 may also include processing circuitry configured to process input signals
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and carry out instructions as a result of this processing. The processing circuitry is

illustratcd as including one or more processors 160 and one or more memory 162.

[00116] As an example, the control system 142 may rclay position, oricntation, and/or
velocity information and instructions to the attraction equipment 12 via the transceiver
158 (and communication equipment associated with the control system 142), and the
attraction equipment 12 may process this information and instructions to make position,

orientation, and/or velocity adjustments using the actuation system 154.

[00117] As set forth above, the presently disclosed tracking system 1)) may be used to
track one or several targets within the detection area 30, including multiple pcople 70 and
multiple objects 26, 32 alone and in relation to cach other and the amusement park
equipment 12. Again, one or more emitters 14, onc or morc detectors 16, and onc or
more control units 18 may be utilized in combination with one another and in
combination with the control system 142 to perform such tracking. FIG. 13
schematically illustratcs an overhcad view of an embodiment of the detection area 30
including the floor 92 with an embodiment of the grid 90 applied thereon (see, e.g., FIGS.
5 and 7). Specifically, FIG. 13 schematically illustrates the manner in which the tracking
system 10 tracks the position and movement of both machines 170 (objects 26, 32) and
people 70 within the detection area 30. The machines 170 may be considered to
represent a particular cmbodiment of the amusement park equipment 12. For clarity, the

people 70 are depicted as circles while the machines 170 are depicted as polygons.

[00118] The tracking schematically illustrated in FIG. 13 may be used in areas where
the people 70 are expected to interact with or in close proximity to machines 170, such as
a warehouse or factory floor, or an amusement attraction with interactive show clements
and cquipment. For instance, in a parade show, various robots may move about an
amusement area, at lcast a part of which is the detection arca 30. Pcople 70 watching the
parade may also be in the detection area 30. Similarly, in a factory setting, the people 70

may move about the floor 92 while the machines 170 arc present.
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[00119] In a typical paradc or similar sctting, people would remain behind a physical
barricr that blocks the machines 170 and/or the people 70 (rom getting within a certain
proximity of one another. However, it is now recognized that it may be desirable to
removc physical barriers between the people 70 and the moving machinery 170. Tt is also
now rccognized that a distance barricr may be uscd to replace a physical barricr to cnable
the ability for thc machines 170 and the control system 142 to rcact in time to be as

effective as a physical barrier.

[00120] It is also now recognized that large physical barricrs between machines 170
and people 70 can beccome pinch points for flow (e.g., people and/or machine traffic). In
accordance with an cmbodiment of the present disclosure, the control system 142 may
utilize built-in show reasons (e.g., reasons tied to the normal coursc of an entertainment
show) to have a particular amount of spacc when the machine 170 is performing quick,
complex movements, and then allow contact at other times when the machines 170 are at

a resting state.

[00121] 1In an altcrnative sctting, people 70 may work in conjunction with machines
170 (e.g., robots) in a factory sctting to carry out certain tasks. In this case, the detection
arca 30 would be considcred to rcpresent a factory floor, for example. Typically,
machinery and other cquipment would be at least partially controlled by a human
opecrator, for cxample as a fail-safc. It is now rccognized that the present ecmbodiments
may be uscd to reduce the reliance on human operators to control cquipment, which may
cnhance the efficiency of, for instance, manufacturing processcs, inventory processcs,
and the like.

[00122] In the illustrated embodiment, the tracking system 10 is configured to track
movement and position of the pcople 70 and the machines 170, and functions to act as all
or a part of a machine guard that keeps the machines 170 from colliding with the people
70 within the detection area 30. To act as a machine guard system, the tracking system
10 may be configurcd to determine the presence and track the location of the people 70

and the machines 170 on the floor 92, and ¢valuate their positions relative to one another.
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In the illustrated embodiment, for example, the detection area 30 includes the grid pattern
90 of retro-reflective markers 24, as described in detail above with reference to FIGS. 5
and 7. The control unit 18 may, for example, evaluate occlusion of the retro-reflective
markers 24 by comparing reflective patterns currently detected to stored patterns to
determine whether the occlusion is characteristic of one or a group of the people 70 or is
characteristic of one or a group of the machines 170. For instance, the control unit 18
may evaluate a geometry of the feature causing occlusion of certain of the retro-reflective
markers 24, and determine whether the gecometry corré¢lates more closely to the person 70

or the machine 170 (or groups thercof).

[00123] Although the illustrated embodiment includes the retro-reflective markers 24
disposed in a pattern on the floor 92, other embodiments may utilize different methods
for detecting the presence of the people 70 and the machines 170 moving about the floor
92. For example, retro-reflective markers 24 may be disposed on the clothing of the
people 70 (sce, c.g., FIG. 3), or the tracking system 10 may be conﬁéurcd to identify and
determine the location of the people 70 and/or the machines 170 without the use of retro-

reflective markers 24 at all, as discussed with respect to FIG. 5.

[00124] The tracking system 10 may provide control signals to the various machincs
170 that are operating on the floor based on the detected positions and movements of the
people 70 on the floor (c.g., based on vector magnitude, vector orientation, and/or vector
sense of the movement). As onc cxample, the machines 170 may receive go/no-go
signals from the control system 142 (e.g., control unit 18 of the tracking system 10). That
is, the machines 170 may be operating to move along certain predetermined trajectories
and perform desired functions according to a preprogrammed routine stored in the
memory 162 (sce FIG. 12). When the tracking system 10 detects a person 70 or another
machine 170 about to cross the path of onc of these machines 170, the tracking system
may send a “no-go” signal to the machine 170, causing the machine 170 to stop its
routinc and wait until a go signal is provided again (e.g., remain stationary). Once the

person 70 is out of the path of the machine 170, the control unit 18 may then send a “go”
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signal prompting the machinc 170 to continuc carrying out its intended operation {c.g.,
resumc movement). In other embodiments, the machines 170 may receive specilic
dynamic instructions from the control system 142 (c.g., control unit 18) based on the
detected positions and movements of the people 70 on the floor. For cxample, the
tracking systcm 10 may prompt thc machines 170 to switch from onc opcration to another

or to redirect its trajectory along the floor 92 in response to the locations of the people 70

detected by the tracking system 10.

[00125] As also illustrated, certain of the retro-reflective markers 24 may be positioned
on the machines 170 to provide additional tracking functionality and information. For
cxample, a combination of grid occlusion information and tracking information rclating
to the moving rctro-reflective markers 24 on the machines 170 may cnable greater
degrees of freedom of movement for the machines 170, as well as greater control over
their motion by the control system 142, As one example, the retro-reflective markers 24
on th¢ machines 170 may be configured to reflect the clectromagnctic radiation beam 28
(or other clectromagnetic radiation) back to the detector 16 (or group of detectors 16) at a
different frequency than that of the retro-reflective markers 24 disposed on the floor

using different retro-reflective clements different coatings, cte.

[00126] As set forth above with respect to FIG. 12, the tracking system 10 may monitor
the location of people 70 and/or objccts 26, 32 relative to certain attraction cquipment 12,
and may establish the proximity boundary 152 relative to the attraction cquipment 12 that
determings, for cxample, whether certain control actions might need to be performed. As
illustrated in FIG. 14, multiple such proximity boundarics, illustrated as boundary regions
180, may be applicd by the tracking system 10 around one or more of the machines 170
on the floor 92. The boundary regions 180 may cach cxtend a certain distance away from
the outer perimcter of a respective one of the machines 170, which arc tracked by the
tracking system 10. In accordance with this aspcct of the present disclosure, it is now

recognized that the boundary regions 180 may, in certain embodiments, altogether
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replace physical boundaries between people 70 and automated machinery 170 to enhance

interactivity between the people 70 and the machines 170.

[00127] In accordance with certain embodiments, the boundary regions 180 may be
defined relative to the detected locations of the retro-reflective markers 24 positioned on
onc of the machines 170. That is, for each machine {70, one boundary region 180 may
be defined relative to the retro-reflective markers 24 positioned on that same machine
170. Additionally or alternatively, the boundary regions 180 may be defined by a
distance relative to the detected boundaries of the machine 170, which may be
discernable based on occlusion of the grid pattern 90. Indeecd, rather than a specific
distance as measured in meters, for instance, the tracking system 10 may define the
boundary region 180 as extending from the machines 170 by a certain number of retro-

reflective markers 24 of the grid 90,

[00128] The tracking system 10 may monitor the boundary region 180 of each of the
machines 170, and when one of the people 70 or another machine 170 crosses into the
boundary region 180, the control unit 18 may provide control signals to the machine 170
that may instruct the machine 170 to adjust its motion (c.g., stop, redircct). In some
embodiments, different ranges, shapes, or distances of the boundary regions 180
extending from the machines 170 may be applied to each of the machines 170 located on
the floor 92, for cxample bascd on their size, shape, mancuvering capabilities, and so
forth. However, in other embodiments, the same distance of the boundary regions 180
extending from the machines 170 may be applied to all of the machines 170 on the floor.
In still further embodiments, boundary regions 180 may be applied to both the machines
170 and to the people 70, such that when the boundary region 180 of one of the machines
170 intersects the boundary region 180 of onc of the people 70, the control unit 18 sends
control signals to the machine 170 to divert or ccasc thec machinc’s operation (e.g.,

movement).

[00129] As noted above with respect to FIG. 9A, the use of the grid 90 in combination

with a single one of the detectors 16 may, in certain embodiments, limit the ability of the
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tracking systcm 10 to track and control movement of an object in more than two spatial
dimensions. However, using multiple detectors 16 and/or using grids 90 positioned on
additional features (c.g., walls 93), and/or the retro-reflective markers 24 positioned on
the machines 170, may cnablec the tracking system 10 to monitor and control thc
movement of the machines 170 in threc spatial dimensions. For cxample, in
embodiments where the machincs 170 arc capable of moving both in the planc of the
floor 92 and crosswisc rclative to the plane of the floor 92 (e.g., upward), the tracking
system 10 may cause the machines 170 to move within the plane of the floor 92,
crosswisc relative to the planc of the floor 92, or a combination of thesc, as appropriatc.
In this rcgard, the boundary regions 180 may be applied not only in directions along the
plane of the floor 92, but also in dircctions crosswisc relative to the floor 92 so that the
tracking system 10 ensures a proper amount of clearance to avoid collisions. As
described in further detail below, one such machine capable of this type of motion may
include an unmanned aerial vchicle (UAV) controlled by or othcrwisc in communication

with the control system 142 and the tracking system 10.

[00130] FIG. 15 illustrates a method 200 for using the boundary regions 180 illustrated
and described with reference to FIG. 14. The mcthod 200 may include steps that arc
storcd in the memory 22 and that are executable by onc or morc processors 20 of the
control unit 18. The steps of the mcthod 200 may be performed in different orders than
thosc shown, or omitted altogether. In addition, some of the blocks illustrated may be
performed in combination with cach other.  Further, although described from the
standpoint of a single one of the machines 170, the method 200 may bc applicd to

multiple machines 170 simultancously.

[00131] In the illustratcd cmbodiment, the method 200 includes determining (block
202) a location of the machinc 170 bascd on a position of the reflected clectromagnetic
radiation received by the detector 16 of the tracking system 10. Again, this position may
be determined based on a detection of electromagnetic radiation reflected from retro-

reflective markers 24 (disposed on the floor and/or on the machine 170 itsclf), which
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includes the absence of such electromagnetic radiation where expected. In other
embodiments, the control unit 18 may interpret a reflection of clectromagnetic radiation

received via the detector 16 as having a profile corresponding to the machine 170.

[00132] The method 200 also includes applying (block 204) a boundary (e.g., boundary
region 180) to the machine location (and/or the location of the person, whichever the case
may be). Again, the boundary region 180 may be applied in two or three spatial
dimensions, and may involve not only scalar distance information but may, additionally

or alternatively, include a number of retro-reflective makers 24 within the grid 90.

[00133] The method 200 further includes determining (block 206) a proximity of the
machine 170 (with the boundary region 180) to other machines 170, people 70, stationary
objccts, and so forth, and any boundary regions associated with those tracked elements.
The determination associated with block 206 may be performed, for example, by
comparing identified locations of thc two objects in question to onc another, and

estimating, modeling, ctc., a distance between the two.

[00134] In addition, the method 200 includes determining (query 208) whether the
identified proximity is less than or equal to a predetermined threshold value, which may
correspond to a distance associated with the boundary region 180. Accordingly, this
threshold may be the same for all of the machines 170, or the threshold may be different

for certain machines 170.

[00135] If the determined proximity is less than or equal to the threshold distance, the
method 200 includes adjusting (block 210) an operation of the machine 170 or redirecting
the machine 170. As discussed above, the control unit 18 of the tracking system 10 may
send a control signal to a controller of the machine 170 (c.g., in communication with or
associated with the actuation system 154 of FIG. 12) to actuate this adjustment and/or
redirection of the machine 170. If the determined proximity is greater than the threshold,

however, no change is made and the method 200 repeats.
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100136] In some cmbodiments, there may be degrees of adjustment depending on the
proximity dctermination associated with query 208. For instance, if thc vector
information associated with movement of the machine 170 suggests that the maching 170
has a certain probability of colliding with another feature or person in the detection area
30, the control unit 18 may causc a rclatively minor adjustment to some aspect of the
machine’s movement that, over time, causcs the machine 170 to avoid a collision with the
other fcaturc or person. In other words, the tracking system 10 may be involved in a
certain amount of predictive control to mitigate situations where there is an affirmative
answer to query 208. In this regard, other variations of the method 200 may be used in
other embodiments. For example, in som¢ ¢cmbodiments, the method 200 may not
include applying (block 204) the boundary 180 to thc machine location, but may instcad
include estimating an outer edge of thc machine 170 based on the electromagnctic
radiation reflected onto the detector 16, and determining the proximity of this outer edge

to other machines 170, people 70, and so forth.

[00137] Continuing with thc cxample noted abovc rclating to the movement of
automated park cquipment in a parade context, the tracking system [0 may also cvaluate
information relating to groupings of people 70 rclative to individual machines 170 to
cnhance interactivity between the people 70 and the machines 170 (c.g., by removing
physical barriers or reducing reliance on them). More specifically, control system 142,
using the tracking system 10, may monitor and control an interactive system where
variably actuated and controlled cmbodiments of the amusement park equipment 12
cngages with an audience. The tracking system 10 may be configured to provide control
signals to the show action equipment 12, which causes actuation of the equipment 12 to
cngage or interact with the audience in a relatively efficient and dynamic manner. FIGS.
16 and 17 illustrate two instances in which the tracking system 10 may aid in controlling
show action equipment 220 to engage with members of an audience 222. By way of non-
limiting cxample, the show action cquipment 220 may include various automated and
mobile featurcs such as robots, automatons, and the like. The audience 222 may include

any number of pcople 70 that are standing within close proximity to one another.
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[00138] As illustrated in FIG. 16, the audience 222 is dispersed throughout the
detection arca 30 and docs not include a clearly delincable group, for example as would
be expected when seating is available. The dynamic show action equipment 220 is
configured to weave in and out of the audience 222, based on tracking performed in
accordance with the embodiments sct forth above. For instance, the tracking system 10
may identify the locations of the people 70 in the audience 222 by detecting the reflection
of clectromagnctic radiation off the people 70 themselves, by evaluating occlusion of the
grid 90 on the floor 92, by tracking rctro-reflection from retro-reflective markers 24

disposed on the people’s clothing, or any combination thercof.

[00139] Using the detected positions of the people 70, the control system 142 (c.g.,
including tracking system 10) may identify the presence of gaps 224 that exist within the
audicnce 222, and cvaluatc the gaps 224 to cnable certain types of movement of the
dynamic show action equipment 220. Upon identifying the gaps 224 in the audience 222
and any associated cvaluation thereof (e.g., a comparison of the size of the gaps 224 to
the size of the show action equipment 220, likelihood of the gaps 244 changing based on
movement vectors of the people 70), the control system 142 (including tracking system
10) may provide control signals to the show action equipment 220 that actuate the show
action equipment 220 to move into the gaps 224. As illustrated by arrows 226, the show
action equipment 220 may move into the gaps 224 formed within the audience 222, and
as the people 70 move into different positions around the show action equipment 220, the
tracking system 10 may continue to dynamically determine the locations of gaps 224 in
the audience 222 that the show action equipment 220 can fill. Thus, the control system
142 controls the show action equipment 220 to move in and out of open spaces, making

the show action equipment 220 dynamically adapt to the audience 222.

[00140] In FIG. 17, the dynamic show action cquipment 220 is configured to target, for
enhanced interaction, a particular group 230 of pecople 70. According to the techniqucs
disclosed above, the control system 142 (including tracking system 10) may identify the
locations of the people 70 that arc present in the detection area 30, by detecting the

49



WO 2015/179682 PCT/US2015/032031

reflection of electromagnetic radiation off the people 70 themselves or off of rctro-
reflective markers 24 disposed in a pattern along the floor where the crowd people 70 arc
standing. Bascd on the detected positions of the people 70, the control system 142
(including tracking system 10) may dctcet the groups 230 of people 70 present within the
area 30. That is, the control system 142 may dctermine, bascd on the locations of the
people 70, where the pcople 70 arc more densely gathered into groups 230 along the
detection area 30. Upon identifying the groups 230, the control system 142 may provide
control signals to the show action cquipment 220 that actuate the show action cquipment
220 to move into relatively close proximity to the groups 230. In some embodiments, the
show action equipment 220 that is initially positioned away from the groups 230 may be
actuated to move toward one of the identified groups 230, as illustrated by an arrow 232.
In other ecmbodiments, the control system 142 may send signals to thc show action
cquipment 220 that is positioncd nearby the identificd groups 230 to trigger an effect via
the show action equipment 220. When different pieces of the show action cquipment 220
are positioned in certain orientations rclative to onc another, other actions (c.g.,

interactions betwecn the picces, effects, or stoppage) may be initiated.

[00141] It should be noted that in cither form of dynamic show action equipment
interaction with pcople 70, as illustrated in FIGS. 16 and 17, the show action equipmcent
220 may be controlled to maintain a desired threshold distance from the pcople 70 or
other show action equipment 220 within the detection arca 30. Specifically, the control
system 142 may utilize a control scheme similar to that discusscd above with reference to
the method 200, for example to maintain a spatial barrier rather than a physical barrier
around cach piece of show action equipment 220. In somc embodiments, a physical
barricr may not be eliminatcd but may be less restrictive, allowing morc enhanced

interaction between the people 70 and the equipment 220.

{00142] The enhanced interactivity afforded by cmbodiments of the disclosed tracking
system 10 is not necessarily limited to the context of moving vchicles or similar

equipment through a crowd of people. Indeed, the tracking system 10 may be used, in
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some embodiments, to provide feedback for evaluating animation quality of an animated
figure, such as an automaton having human-like features. Other embodiments of an
animated figure may include a robotic dog, cat, or other living organism whose
movement may be mimicked using robotics. FIG. 18 illustrates an embodiment of an
automaton 250 cquipped with a plurality of the retro-reflective markers 24, each marker
24 of the plurality being placed at strategic points along the automaton 250 (e.g., top and
bottom of the head, shoulders, clbows, and wrists). The placement of the retro-reflective
markers 24 may enable tracking of the automaton’s movements. As all or a portion of
the automaton 250 moves through space and time, one or more of the emitters 14 may
emit the electromagnetic radiation beam 28 toward the automaton 250, and one or more
detectors 16 may detect the reflection of the electromagnetic radiation beam 28 off the
retro-reflective markers 24, Based on data received from the one or more detectors 16,
the control unit 18 may determine the approximate positions of the various limbs of the
automaton 250, and compare these approximate positions to expected positions stored in
the memory 22. Thus, the control unit 18 may determine whether the limbs of the
automaton 250 are operating within predetermined constraints. Feedback 252 based on
this analysis, or representative of raw or minimally processed data, may be provided from
the control unit 18 to other amusement park processing and control features, such as
animation control circuitry 254. Again, similar techniques may be applied to any
desirable animated figure, not just one representative of a human. It should be noted that
automatons 250 and other such moving equipment may be calibrated using techniques in
accordance with present embodiments to, for example, provide consistently realistic
motion. For example, the automatons 250 may be tracked according to the present
techniques and matched to a movement template associated with realistic motion. The
control unitl8 may perform re-calibration of the automatons 250 within the amusement
park on a periodic basis according to the movement template by tracking movement of
the retro-reflective markers 24 positioned on the automatons 250, and adjusting the
movement of the automatons 250 so that the movements of the markers 24 substantially

correspond with the movement template. Such calibration may be performed, for
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cxample, when no objects or people are expected to be located proximate or within view

of the automatons 250.

[00143] The control of machincs in the manner sct torth above may also be applicd to
amuscment park equipment 12 capable of moving throughout an amuscment park 268, as
itlustrated in the overhead view of FIG. 19, Indecd, as illustrated in FIG. 19, it is now
recognized that the disclosed tracking system 10 may be used in conjunction with, for
cxample, an unmanned acrial system (UAS) 270 to track the location and movement of
onc or morc unmanned acrial vehicles (UAVs) 272 to, for example, provide all or a part
of a light show, to cnhancc a themed show, to support special effects, for monitoring, to
intcract with people, to broadcast a wireless (c.g.. Wiki) signal, and similar functions

within the amusement park 268,

[00144] More specifically, FIG. 19 depicts an example layout of the amusement park
268 in which one or more UAVs 272 may be tracked in three spatial dimensions and in
time using the disclosed tracking system 10. In accordance with certain cmbodiments,
the tracking system 10 may track retro-reflcctive markers 24 positioned on (c.g., fixed
on) the UAVs 272, The presence of multiple retro-reflective markers 24 on the UAVs
272 may ¢nable the detector 16 to compare the clectromagnetic signals that are retro-
reflected from the different markers 24 to determine a location, orientation, velocity, cte.,
of cach of the UAVs 272 in accordance with the embodiments discussed above with
respect to FIG. 9A. As shown, the UAVs 272 cach include three retro-reflective markers
24, though fewer or more retro-reflective markers 24 may be used depending on the
tracking being performed by the tracking system 10 and the expected manner of

movement of the UAVs 272,

[00145] Tracking the UAVs 272 in accordance with present embodiments may also
cnable automated control over their movement, for example by providing tracking
information gencrated by the tracking system 10 as feedback for UAV control circuitry
274 associated with the control system 142, For instance, the UAV control circuitry 274

may be one or more scts of instructions stored on a memory of the control system 142

s
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(e.g., a software package), such as memory 22 of the control unit 18, or may include one
or more application specific intcgrated circuits (ASICs), one or more ficld programmable
gate arrays (FPGASs), one or morc genecral purpose processors, or any combination
thereof. The UAV control circuitry 274 may also include communication devices
configured to communicate with the UAVs 272, though it is presently contemplated that
the UAVS 272 may utilize communication techniques shared by the tracking system 10

to facilitate processing and control of UAV positions, velocities, etc.

[00146] Onc or more of the tracking systems 10 may be positioned within the
amusement park 268. Indeed, as sct forth above, the use of multiple detection devices
enables enhanced tracking capabilitics, especially where the tracked target is expected to
have several degrees of movement freedom. Accordingly, the amusement park 268 will
generally at least include multiple detectors 16 so that the tracking system 10 is capable
of obtaining signals from at least onc of the retro-reflective markers 24 on the UAV 272
at any given time, regardless of the orientation of the UAV 272 relative to the ground.
As illustrated, the UAVs 272 may move along a guest pathway 276, which people 70
may use to travel on foot (or on a conveyance) between certain attractions (e.g., buildings
278). Elements of the tracking system 10 may be positioned on some or all of the
buildings 278, for example on portions of the buildings 278 that face toward the guest
pathway 276. This may cnable the emitters 14 to have overlapping clectromagnetic
emissions (e.g., light beams 28) so that the retro-reflective markers 24 are illuminated
substantially continuously, thereby enabling the detectors 16 associated with the emitters
14 to have a substantially continuous view of the travelling UAVs 272. The emitter 14
and detectors 16 may, alternatively or additionally, be positioned on other environmental
objects in the amusement park 268 or on their own support. For example, as shown in
FIG. 19, onc or more of the emitters 14 and one or more of the detectors 16 may be fixed
to a post 280 positioned proximate the pathway 276 in a manner that ¢nablcs the emitter
14 to emit the electromagnetic radiation beam 28 into or above the pathway 276 and the
detector 16 to receive retro-reflected light from retro-reflective elements on the pathway

276 or on the UAVs 272.
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[00147] The amusement park 268 may use a single one of the control units 18 that
communicates (c.g., wirclessly) with several (c.g., some or all) of the emitters 14 and the
detectors 16 positioned along the pathway 276, or may use scveral control units 18 as
illustrated. As the UAVs 272 travel along the pathway 276, which may represent the
detection arca 30 of several of the tracking systems 10, they may travel through and
beyond the detection areas 30 of cach emitter/detector pair. Accordingly, the control
system 142 may coordinate the hand-off between signals from one detector 16 to another
detector 16 as the UAVs 272 travel along the pathway 276 to enable substantially
continuous tracking of each UAV 272. Such hand-offs may also occur between control
units 18 of the tracking systems 10. That is, as one tracking system 10 ceases to track
one of the UAVs 272 because the UAV 272 has moved out of the detection arca 30
associated with its emitters 14 and detectors 16, it may hand off the tracking of that UAV
272 to another tracking system 10 that is positioned along the predicted path of the UAV

272 (e.g., based on vector orientation and sense of the UAV’s movement).

[00148] The tracking system 10 may also track occlusion of the grid 90 of retro-
reflective markers 24 on the pathway 276, which may correspond to the floor 92
described above with respect to the tracking of people 70 and machines 170 in an area.
Indeed, the tracking system 10 may be configured to track the presence and location of
people 70, such as a group of people 70, along the pathway 276. Tracking the people 70
along the pathway 276 may be desirable for a number of rcasons, for example to enable
the UAV 272 to avoid collisions with the pcople 70 and to enable enhanced interactions
with the people 70. Further, the tracking systems 10 may also use occlusion of the grid
90 as part of an overall tracking method used to track the UAVs 272. For example, onc
or more of the detectors 16 may have an overhead view of the pathway 276 and the
UAVs 272 such that the UAVs 272 are positioned between the grid 90 and the detectors
16. Accordingly, in some embodiments, the tracking systems 10 may correlate certain

patterns of grid occlusion to the UAVs 272,
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[00149] The tracking system 10 may also, for example using the grid 90, associate a
boundary 282 with groups of the pecople 70 to ecnable the tracking system and the UAV
control system 274 to maintain the UAVs 272 a certain distance away from the people
70. The tracking systcm 10 may also monitor ccrtain arcas where the people 70 are
cxpected to gather or group, such as a gucst scating arca 284, and may apply a boundary
286 to the same so that the UAV 272 maintains a certain distance away from the seating

area 284.

[00150] In this regard, the UAV control system 274 may be configured to adjust a
flight path of the UAVs 272 for a number of rcasons, including approaching the
boundaries 282, 286, or when the UAV control system 274 evaluates certain diagnostic
information associated with the UAVs 272 and determings that onc of the UAVs 272 is in

need of maintenance.

[00151] To cnable the enhanced interactions, flight path adjustments, and other aspects
noted above relating to the UAVs 272, each of the UAVs 272 may have a varicty of
components 288, which may include various electrical and electromechanical systems,
among others. As illustrated, in a general sense, the UAVs 272 may include a movement
control system 290, which includes various clectromechanical devices such as helicopter-
like blades, various pumps associated with a propulsion system, or similar devices. In
cmbodiments where the UAVs 272 uscs a propulsion system, the propulsion system may
use a compressed gas and/or a combustible fuel and oxidant. A lift system associated
with the UAVs 272 might also include a propulsion-based lift system, or may usc rotating

blades to create lift as is done in a helicopter, or 2 combination of these features.

[00152] The components 288 may also include various interactive features 292, which
enable cnhanced interactions with the people 70, coordination of show cffccts and/or
special effects with a show performed within, for example, a show arca 294. By way of
non-limiting example, the intcractive features may include audio transducers such as
speakers, or microphones, may include various elcctromagnetic radiation sources, such as

lasers, light emitting diodes (LEDs), strobe lights, and so forth. Additionally or
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alternatively, the intcractive featurcs 292 may include other cmitters that provide a
discernable stimulus to the people 70, such as scent emitters configured to cmit certain
chemicals associated with certain types of scents, compressed gas emitters to emit bursts

of compressed air for tactile stimulation, and so forth.

[00153] To enable the UAVs 272 to be controlled by the UAV control system 274, and
in some embodiments to enable redundant tracking of the UAVs 272, the componcnts
288 may also include a communication system 296. The communication system 296 may
include various communication devices such as Wi-Fi transceivers, radiofrequency
communication devices, or any other device capable of communication via certain bands
of the electromagnetic spectrum. The communication system 296 may cnable the UAVs
272 to communicate with the UAV control system 274, and vice-versa, to enable the
UAYV control system 274 to initiate adjustments of position using the movement control
system 290, to causc the UAVs to trigger one or more show cffects or other interactive

elements using the interactive features 292, and so forth.

[00154] Having described various features of the UAVs 272 and the amuscment park
268, various aspects relating to the opcration of the UAVs 272 will be described in
further detail herein to provide a better understanding of certain aspects of the present
embodiments. For example, as the UAVs 272 travel along the pathway 276, they may be
tracked by the tracking systems 10, basced on their associated retro-reflective markers 24
and/or based on grid occlusion as described above. As the UAV 272 encounters objects
or people, as shown by the group of people 70 proximate onc of the buildings 278, the
tracking system 10 may recognize that the UAV 272 has a trajectory that could
potentially cause the UAV 272 to interfere with the people 70. Accordingly, the UAV
control system 274 may communicate with the UAV 272 to instruct the UAV 272 to
change its flight path around the boundary 282 associated with the group of people 70.
The adjusted flight path of the UAV 272 is shown generally as an arrow 298.

[00155] The tracking systems 10 may also be used to maintain the UAVs 272 within

certain arcas of the amusement park 268. For example, the tracking system 10 may track
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the retro-reflective markers 24 on the UAV 272 relative to a known boundary 300, which
may be considered to represent an arca not in view of one or more of the tracking systems
10. Accordingly, if the tracking system 10 determines that the UAV 272 has gone
outside or beyond the known boundary 300, the UAV control system 274 may send
control signals to the UAV 272 that causes the UAV 272 to stop or to be dirccted to
different arcas. Similarly, the UAV 272 may include on-bard features that perform this

operation, as described in further detail below.

[00156] As shown, the UAV 272 may be directed along a number of different
pathways, which arc depicted as dashed arrows leading to different environmental
features of the amusement park 268. For cxample, the UAV 272 may be dirccted by the
UAYV control system 274 along a first path 302 to a stop arca 304. The stop area 304 is
generally intended to represent an arca of thc amusement park 268 that is away from
arcas where people 70 may be located, and/or away from where show attractions are
located. In this way, the stop area 304 may also be intended to represent an emergency

stop location.

[00157] The UAV 272 may be directed to the stop area 304 for a number of reasons.
As one example, the UAV control system 274 may determine that the UAV 272, bascd
on diagnostic information, requires repairs or is in nced of maintenance. In these
situations, the UAV 272 may be dirccted along the first path 302 to the stop arca 304,
which may be accessible to various technicians or other operators that can then repair the
UAVs 272, Alternatively, the UAV 272 may include its own flight path adjustment
instructions, which may be carried out by the movement control system 290 in certain
situations. For instance, if the communication system 296 of the UAV 272 loscs
connection with the control system 274, the UAV 272 may direct itsclf to the ncarest
region that is considered to be away from guests and show attractions, in this case the

stop area 304.

[00158] In other embodiments, the UAV 272 may be dirccted along a second pathway
306 back toward the guest pathway 276. For example, the UAV 272 may begin to travel
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along the first path 302 and, in response to certain updated instructions by the UAV
control system 274, change its dcstination. For cxamplc, if the control systcm 274
determincs that the UAV 272 is needed to assist in a show, the UAV control system 274
may scnd appropriatc instructions to the UAV 272 to diverge from the first path 302 to
the sccond path 306 and toward the gucst pathway 276, which may lcad to the show arca
294. Accordingly, thc UAV control system 274 may make rcal-time adjustments to the
various flight paths of the UAV 272 as nceded.

[00159] As still another cxample of the divergent flight paths, the UAV 272 may be
diverted from the first path 302 to a third path 308 that leads to one of the buildings 278.
Such a flight path adjustment may be made by the UAV control system 274 in response
to an indication that the UAV 272 is out of a particular rangc of communication or out of

a range of onc or more of the tracking systcms 10).

[00160] Accordingly, the UAV control system 274, in a gencral scnse, may send
signals to the UAV 272 that cause the UAV 272 to return to a particular rcgion of the
amusement park 268 to re-establish tracking by the tracking system 10. Further still, the
UAV 272 may have automated routines that are carried out when certain connections are
terminated between the UAV 272 and the UAV control system 274, In such an instance,
thc UAV 272 may follow an adjusted flight path, such as illustrated by third flight path
308, which dirccts the UAV 272 to a known location or location having a particular typc

of beacon recognizable by communication system 296 of the UAV 222,

[00161] The UAV control system 274 may also cngage, in combination with onc or
more of the tracking systems 10 positioned at the show arca 294, in coordinating actions
of the UAV 272 with performers 310 in the show arca 294. For cxample, the UAV
control system 274, upon reccipt of tracking information from the tracking system 10,
may coordinatc the movement of the UAV 272 with tracked movement of the performers
310 and/or any other objects within the show arca 294. Further still, the UAVs 272 may
provide enhanced interactivity with the guests in the gucst scating 284 by moving from

the show arca 294, within thc boundary 286 of the gucst scating 284, and back. In



WO 2015/179682 PCT/US2015/032031

situations where the UAV control system 274 determines that the UAV is not performing
as intended or is beginning to drift out of a tracked location, or any other undcesirable
circumstance, the UAV control system 274 may direct the UAV 272 into one of a
plurality of stop areas 312 and initiatc a stop of the UAV 272. Within the stop arcas 312,
the initiated stop of thc UAV 272 may causc the UAV 272 to shut down. As onc
cxample, the stop areas 312 may be islands surrounded by a body of water, or individual

bodics of water, where no people 70 or other show objects are expected to be located.

[00162] Example configurations of the UAV 272 may be further appreciated with
respect to FIGS. 20 and 21, which are bottom and clevational views, respectively, of
different embodiments of thec UAVs 272. Specifically, the bottom view of the
embodiments of the UAV 272 illustrated in FIG. 20 depicts the UAV 272 as a quad
copter having a plurality of lift and/or propulsion devices 320. The lift and/or propulsion
devices 320 arc attached to a body 322 of the UAV 272 via arms 324. However, it
should be noted that the illustrated embodiment of the UAV 272 is but one example, and
other configurations are also within the scope of the present disclosure. As depicted, the
body 322 and the arms 324 may be fitted with one or more of the retro-reflective markers
24. Accordingly, the tracking system 10 may be configured to track three-dimensional
spatial movement of thec UAV 272 in time. For cxample, the UAV 272 may have at lcast
one, at least two, or at least three of the retro-reflective markers 24. Tt is recognized that
including several of the retro-reflective markers 24 may enable the tracking system 10 to
track the UAVs 272 with a higher degree of precision and accuracy, including tracking an
oricntation of the UAV 272 based on relative perspective positioning of the retro-
reflective markers 24. For example, the orientation of the UAV 272 may be tracked
according to the techniques described above with respect to FIGS. 9B and 9C.

[00163] It should also be noted that the positioning of the retro-reflective markers on
the UAV 272 (e.g. on the body 322 and/or the arms 324) may provide the tracking system
10 the ability to track a roll, a pitch, and a yaw of the UAV 272. This tracking may be
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usctul for adjusting or otherwise centrolling the flight path of the UAV 272 by, for

cxamplc, the control unit 18 and/or the UAV control system 274.

[00164] The illustrated ecmbodiment of the UAV 272 also includes specific examples of
the components 288. The components 288, as shown, may include a speaker 326 that is
part of the interactive featurcs 292 depicted in FIG. 19, and the emitter 328 that is also
part of the intcractive featurcs 292 in FIG. 19, lift and/or propulsion control circuitry 330,
which may be a part of the movement control system 290 of FIG. 19, and a transcciver
332, which may bec a part of the communication system 296 dcpicted in FIG. 19. The
components 288 may also include processing circuitry including one or more processors
334 and onc or more memory 336 for performing various analysis and control routincs
relating to the operation or information received from any onc or combination of the

componcnts 288.

[00165] Moving now to the embodiment of thc UAV 272 depicted in FIG. 21, as
shown, th¢ UAV 272 may include all or part of a tracking systcm 10 configured in
accordance with present embodiments. For instance, the UAV 272 may incorporate at
lcast onc of the emitters 14 and at least onc of the dctectors 16 via attachment to the body
322, for ¢xample on a downward facing surface 350 of the body 322. The use of the
tracking system 10 on the UAV 272 may be desirable, for example, to enable the UAV
272 to navigate through or otherwisc follow a path of rctro-reflective markers 24
disposed on, for instance, the pathway 276. Accordingly, the UAV 272 may be
configurcd to at lcast partially move through thc amusement park 268 using only
instructions and tracking that are contained on or within thc UAV 272. However, the
present disclosure also includes cmbodiments in which the communication system 296 of
the UAV 272 receives instructions from the UAV control system 274 (c.g. to update a
destination), and the UAV 272 follows rctro-reflective markers 24 to a particular
destination. Accordingly, it should be appreciated that certain of the retro-reflective
markers 24 forming a path may havc different optical qualities that enablc paths to be

differentiated from one another. Furthermorc, the UAV 272 may include the cmitter 14
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and the detector 16 and utilize them to track other devices or to track pcople using any

ong or a combination of the techniques described above.

[00166] The overall structure of the UAV 272 may also be further appreciated with
respect to the illustration in FIG. 21. As illustrated, the UAV 272 includes a top surface
352, which may scrve as a ledge or platform configured to carry certain of the special
effect devices or cquipment constituting all or part of the interactive features 292.
Indeed, the features integrated onto the UAV 272 may be positioned on the top surface
352, on the downward facing part 350, or anywhere ¢lsc on the UAV 272.

[00167] As sct forth above, several different types of equipment, machinery, vchicles,
etc., may be tracked in accordance with present embodiments using the tracking system
10. Indced, in addition to tracking robots, UAVs, and so forth, the present embodiments
may utilize the tracking system 10 to track the movement of a ride vehicle in space and
time, either along a physically constrained path (e.g., a track or rail system) or along an
unconstrained path (c.g., a path defined by cnvironmental features). FIGS. 22-25 depict
embodiments where a ride vehicle 360 (or multiple such vehicles 360) is positioned on a
constrained path 362 and is tracked using the tracking system 10, while FIGS. 26-29
depict embodiments where ride vehicles 360 are positioned on an unconstrained path
363and arc tracked using the tracking system 10. The tracking may generally be
performed in accordance with any onc or a combination of the embodiments set forth
above with respect to FIGS. 3-9 depending, for example, on whether the tracking will be

for two-dimensional motion or three-dimensional motion.

[00168] In cvaluating the opecration of an amusement park attraction, it may be
desirable to track the location of the ride vehicle 360 in space, in order to cnsure that the
ride vehicle 360 is moving and operating as cxpected. If the ride vehicle 360 is not at the
desired position or oricntation at a certain time, this may indicate that the ride vehicle 360

is not operating as desired and, thus, may benefit from preventative maintenance.
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[00169] Starting first with tracking the ride vehicles 360 from an overhead perspective,
and in two dimensions, FIG. 22 illustrates an embodiment where different ride vehicles
360) on the track 362, together forming a amusement attraction 364, each feature one of
the retro-reflective markers 24A, 24B, 24C, and 24D. The markers 24A, 24B, 24C, and
24D arc cach configurcd to rctro-reflect a different frequency of the clectromagnctic
radiation (e.g., electromagnctic radiation becam 28) back to the detector 16. The tracking
system 10 may track the retro-reflective markers 24 A, 24B, 24C, and 24D to distinguish
the particular ride vehicles 360) from onc another and to detect the approximate location
of cach of the ride vehicles 360, cither relative to a coordinate frame or relative to cach

other, or both.

[00170] For instance, in some ¢mbodiments, the different ride vchicles 360 may be
associatcd with different instructions or location information storcd in the control unit 18
of the tracking system 10. In this cxample, the control unit 18 may be configured to send
a control signal configured to cause actuation of ccrtain of the amusement park
equipment 12 when onc of the ride vehicles 360 passcs a certain point on the track 362.
The control unit I8 may identify this ride vchicle 360 based on the trequency of
electromagnctic radiation reflected by the rctro-reflective marker 24 associated with the
particular ride vehicle 360, thus triggering the amuscment park cquipment (e.g., an effect
device) when the ride vehicle 360 passcs the point on the track 362. In other
embodiments, the particular qualitics of the electromagnetic radiation (c.g., particular
frequency, phase, wavelength) rctro-reflected back by a particular retro-reflective marker
24 (c.g., 24A, 24B, 24C, or 24D) may signal the control unit 18 to utilize a diffcrent
algorithm stored in the memory 22 (c.g., associate the ride vehicle 360 and its marker
with a different effect device or different control parameters). It should be recognized
that other types of systems and applications may utilize the tracking system |0 having the
control unit 18 coded to follow a first sct of instructions when the reflected
clectromagnetic radiation from the retro-reflective marker 24 is, for cxample, at a first
frequency and to follow a second sct of instructions when the electromagnctic radiation

from the retro-reflective marker 24 is, for cxample, at a second frequency.
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[00171] As also set forth above, for example with respect to FIG. 9A, multiple separate
detectors 16 may be utilized to cach detect retro-reflective markers 24 from different
perspectives and/or to track a different frequency of clectromagnetic radiation reflected
by the retro-reflcctive markers 24. FIG. 23 illustrates one such embodiment of the
tracking system 10 uscd to track the ride vehicle 360 in three dimensional space.
Specifically, the tracking system 10 includes two sets of emitters 14 and detectors 16,

illustrated as a first set 370 and a second set 372.

[00172] The first emitter/detector set 370 is disposed above the amusement attraction
364, and the second cmitter/detector sct 372 is disposed to the side of the amusement
attraction 364. Thus, the first sct 370 is configured to obtain an overhead (c.g., plan)
view, while the second sct 372 is configured to obtain an elevational view of the ride
vehicle 360. Specifically, in the illustrated embodiment, the first sct 370 is disposed such
that the emitter 14 and the detector 16 are aligned with a plane formed by an X axis 374
and a Y axis 376 of the amusement attraction 364. In addition, the sccond set 372 is
disposcd such that the emitter 14 and the detector 16 are aligned with a plane formed by
the X axis 374 and a Z axis 378. This way, the first set 370 may track the position of the
ride vehicle 360 along the X-Y planc, while the second set 372 may track the position of
the ride vehicle 360 along the X-Z plane, which is orthogonal to the X-Y planc. This
may provide a relatively accurate approximation of the three dimensional position and/or
orientation of the ride vehicle 360. In embodiments where the ride vehicle 360 operates
in only a single plane (e.g., X-Y plane), only onc of the sets 370, 372 of the emitter 14
and detector 16 may be used to track the two dimensional position of the ride vehicle
360. Alternatively, redundant sets of emitters 14 and detectors 16 may be utilized (c.g.,

to provide range).

[00173] Moving now to FIG. 24, an embodiment of the amusement attraction 364 in
which the track 362 is positioned indoors or proximate to a structure having a support
mechanism for the tracking system 10 is illustrated. More specifically, FIG. 24 depicts

the manner in which the track 362 may include complex turns, and how the tracking
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systems 10 of the present disclosure may be used to track movement of the ride vehicles

360 along the track 362.

[00174] The tracking system 10 may include one or more emittcrs 14 configured to
cmit the light beams 28 and detectors 16 configured to detect thce electromagnetic
radiation reflected from objects in the detector’s ficld of view. In the illustrated
cmbodiment, the cmitters 14 and detectors 16 are positioned on a ceiling 380 of the
amusement attraction 364. In other cmbodiments, however, the emitters 14 and detectors
16 may bc positioned along other stationary components of the amusement attraction 364
facing toward the track 362. The ride vchicles 360 may cach include retro-reflective
markers 24 on their outer surfaces 382. In this context, the tracking system 10 may be
used to detecrminc and keep an accurate count of the number of ride vehicles 360 present
on the particular amuscment attraction 364, and tic tracking information to the particular
ride vehicles 360 (c.g., when the ride vehicles 360 include retro-reflective markers 24

with different optical qualities).

[00175] The multiple emitters 14 and dctectors 16 may provide redundancy while
monitoring the ride vehicles 360 as they travel along the track 362. Some detectors 16
may be¢ better positioned than others to detect electromagnetic radiation retro-reflected
from certain areas of the amuscment attraction 364. In some embodiments, the multiple
cmitters 14 and detectors 16 may be disposed at different angles throughout the
amusement attraction 364 to provide a redundant and, therefore, more accurate tracking
of the various retro-reflective markers 24 disposcd within the amusement attraction 364.
The multiple sets of emitters 14 and detectors 16 may be communicatively coupled to the
same control unit 18, or diffcrent control units 18, for comparing the results from the
different detectors 16. However, it should be noted that single detectors 16 may also be
used to track thrcc-dimensional oricntation of the ride vchicles 360, for example

according to the tcchniques described above with respect to FIGS. 9B and 9C.

[00176] As illustrated, the track 362 may include a scries of complex curvatures that

may othcrwisc be difficult to track using existing tracking technologies, such as linear
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encoders. However, in accordance with present embodiments, the track 362 may include
a plurality of the retro-reflective markers 24 positioned thercon, and the tracking system
10 (including multiple emitters 14 and detcctors 16) may track and evaluate occlusion of
these retro-reflective markers 24 to evaluate the performance of the ride vehicles 360 on

the track 362.

[00177} The illustrated amusement attraction 364 also includes a ride control system
382 in communication with the control unit 18, and the ride control system 382 includes
control circuitry 384 configured to adjust various operational parameters of onc or more
of the ride vehicles 360. Specifically, the control circuitry of the ride control system 382
may include actuation control circuitry 386 and braking control circuitry 388. The
actuation control circuitry 386 may be implemented as software code stored in memory
and cxccuted by one or morc processors associated within the control system 142 of the
amuscment park, or may be implemented as control logic circuits that are local to the

amusement attraction 364.

[00178] 1In accordance with present embodiments, the amuscment attraction 364
includes these features described above to cnable the control unit 18 and the ride control
system 382 to monitor the opcration of the ride vchicles 360 as they move along the track
362. The control unit 18 and ride control systcm 382 may also, as appropriate, adjust
spced, braking, or other operational paramcters associated with the ride vehicles 360 as a

result of the monitoring performed by the tracking system 10.

[00179] As illustrated, the track 362 includes the complex curvaturcs noted above,
specifically a hill 390, a curve 392, and a combination of a hill and a curve, denoted as a
curved hill or curved slope 394. Again, it may be difficult for traditional tracking
features, such as linear encoders, to track movement along the track 362. Indecd, these
traditional tracking fcatures are typically used for tracking motion along straight lincs.
Accordingly, it is now recognized that the use of the rctro-reflective markers 24
positioned along the track 362 may provide cnhanced tracking of the movement of the
ride vehicles 360 along the track 362.
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{00180] As an example of the operation of the amusement attraction 364 and its
associated tracking systcm 10 and ridc control system 362, thc cmitters 14 and the
detectors 16 may operate to detect reflected electromagnetic radiation from the markers
24 positioned on the track 362 and on the ride vehicles 360, where present. When the
ride vehicles move along the track 362, the ride vehicles 360 occlude certain of the retro-
reflective markers 24 disposcd along the track 362. In certain embodiments, when the
ride vehicle 360 is operating properly, the retro-reflective markers 24 occluded by the
ride vehicles 360 may not be visible to any of the detectors 16. However, in
ecmbodiments where the ride vchicles 360 slightly lift away from the track 362 (c.g., at
high speeds and tight turns), all or a portion of one or more retro-reflective markers 24
that should be occluded by the ride vehicle 360 may be visible to at least onc of the
detectors 16, which may receive rctro-reflected electromagnetic radiation from the un-
occluded marker 24. In this instance, the tracking system 10, and more specifically the
control unit 18, may identify a pattern associated with this type of situation, which may

be further appreciated with reference to the illustration in FIG. 25.

[00181] Specifically, FIG. 25 depicts an overhead view of the track 362 in FIG. 24. As
shown, a lcftmost ride vchicle illustrated with dashed lines 360A may occlude certain of
the retro-reflective markers 24, which is illustrated as a 3 by 3 pattern of occluded retro-
reflective markers (i.e., a pattern in which three adjacent markers are occluded in two
rows). As may be appreciated from the illustration, un-occluded or visible retro-
reflective markers 24 are depicted as solid/filled circles, while occluded retro-reflective
markers 24 are depicted as un-filled circles. A second of the ride vehicles 360B is also
illustrated as occluding all retro-rcflcctive markers 24 on the track 362 corresponding to
the geometry of the ride vehicle 360. Accordingly, the tracking unit 18 may determine
that the ride vehicle 360 is moving appropriately (e.g., an appropriate speed) along the
track 262.

[00182] On the other hand, thc complex curve associated with the curved slope 394

may at times be difficult for ride vehicles 360 moving at a relatively fast velocity to
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properly navigatc. Thus, as shown, a third of the ride vehicles 360C is depicted as
occluding only some of the retro-reflective markers 24 corrcsponding to its gcometry.
This is shown in FIG. 25 as a 2 by 3 set of occluded retro-reflective markers 24 (i.c., a
first row of two adjacent occluded markers across from a second row of three adjacent
occluded markers), with onc of the retro-reflective markers 24A being shown as not
occluded or not fully occluded based on the view of onc or more of the detectors 16. The
tracking unit 18 may process this tracking data and determine that the speed of the ride
vehicle 360 was too high going in to the curved slope 394, and may adjust, via the ride
control system 382, a spced of the ride vehicle 360. In embodiments where the tracking
unit 18 and/or the ride control system 382 and/or the control system 142 determinges that
such speed adjustments do not have an effect on the occlusion of the retro-reflective
marker 24A, the tracking unit 18 and/or the ride control system 382 and/or the control
system 142 may determine that the ride vehicle 360 is in need of maintenance, or that the

track 362 may need to be adjusted.

[00183] Moving now to embodiments where the ride path for the ride vehicles 360 is
not constrained by the track 362, the illustrated embodiment of the amusement attraction
364 in FIG. 26 includes the unconstrained ride path 363, as noted above. The
unconstrained ride path 363 may be considered to be unconstrained because the path 363
is constrained only by environmental elements bounding the path through which the ride
vehicles 360 may travel (not by engagement between wheel assemblies and rails, such as
on a typical roller coaster). As with certain of the embodiments sct forth above, the
cmitters 14 and the detectors 16 may be positioned on a variety of diffcrent
environmental features of the amusement attraction 364. For example, as illustrated, the
emitters 14 and the detectors 16 may be positioned on buildings 278, posts 280, or similar

structures enabling a view of the path 363.

[00184] As shown, the tracking system |0 may be more intimately involved in the
motion of the ride vehicles 360 compared to the embodiments set forth above with

respect to FIGS. 22-25. That is, the ride vchicles 360 shown in FIG. 26 may be
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controlled in substantially real-time by the ride control system 382, More specitically,
ride control system 382 may includc communication circuitry 400 such as a transceiver
configured to communicate with respective control units 402 of the ride vehicles 360. As
illustrated, the respective control circuitry 402 of the ride vehicles 360 may include
communication circuitry 404 such as a transceiver, onc or more processors 406 and onc
or morec memory 408, which arc configured to exccute various control routines in
response to instructions received from the ride control system 382, For instance. the
control circuitry 402 of the ride vehicles 360 may be configured to adjust speed andror

dircction of the ride vehicles along the path 363.

[00185] The instructions provided to the control circuitry 402 by the ride control
system 382 may depend on tracking information provided by one or more control units
8 associated with the one or more tracking systems 10 disposed throughout the
amuscment attraction 364, For instance, the ride control system 382 may, upon receipt of
tracking information, perform various routines stored on memory 410 using one or more

associated processors 412 to adjust the operation of onc or more of the ride vehicles 360.

[00186] The tracking information provided by the ftracking systems 10 disposed
throughout the attraction arca may include, by way of cxample. information relating to
retro-reflective markers 24 positioned on an outside of the ride vehicles 360 and/or retro-
reflective paint used as retro-reflective markers 24 on the vehicle 360. The tracking
information may be as generally set forth above with respect to FIGS. 3-9, where the
tracking systems 10 usc onc or more of the detectors 16 to track the ride vehicles 360 in
space and time in two dimensions or three dimensions as appropriate. Because the ride
path 363 is unconstrained, it may be desirable to track (he ride vehicles 360 1n space and

time in three spatial dimensions.,

[00187] In accordunce with certain embodiments of the present disclosure. the tracking
system 10 and the ride control system 382 may coordinate to perform block control,
where the path 363 is divided into blocks or zones in which a predetecrmined number of

ride vehicles 360 arc allowed (c.g., by way of rules stored in memory 22) to oceupy a
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particular block. Accordingly, the path 363 is illustrated by way of example as including
a plurality of such blocks, including a first block 414 associated with loading of an cmpty
ride vehicle 416 (c.g., associated with a loading area 418 of the amusement attraction 364
where people 70 are queued behind an entrance 420). The plurality of blocks also
includes a sccond block 422 and a third block 424 separated from cach other, and other
blocks, by retro-reflective boundary lines 426. The tracking system 10 may be
configured to track occlusion of the boundary lines 426 to determine whether ride
vehicles 360 have crossed between certain of the blocks to determine if an appropriate
number of vchicles 360 arc positioned within cach of the blocks. Additionally or
alternatively, the tracking system 10 may monitor a position of each of the vehicles 360
via retro-reflective makers 24 positioned on the vehicles 360 relative to the boundary
lines 426. If the tracking system 10 determines that there are too many vchicles 360
present within certain blocks, or in close proximity thereto, the tracking system 10 may
cause certain of the vchicles 360 to stop until the vehicles 360 in that particular block
have cleared. In other cmbodiments, the ride control system 382 may initiate actuation of
a feature that causcs additional pathways to be opened to certain of the vehicles 360.
Indeed, such block control may be applicd not only to an unconstrained path 363, but also

to the constrained path 362 as described above.

[00188] Continuing with the embodiment illustrated in FIG. 26, the path 363 may
include an embodiment of the grid 90 within a fourth block 428 to enable the tracking
system 10 to monitor occlusion of the markers 24 and track positions and movement of
the vehicles 360. The tracking system 10 may, in cerlain embodiments, apply 4 boundary
to each of the vehicles 360 in the fourth block 428 (or any other block) to maintain a
certain distance between the vehicles 360 to avoid collisions and maintain a substantial
movement of the vehicles 360 along the path, for example as set forth above with respect
to FIGS. 13-17. Further, the tracking system 10 may utilize the grid 90 to give riders a
sense of complete freedom to drive the vehicle 360 within an open arca that is actually
electronically constrained. Indeed, riders may be allowed to direct the vehicles 360

anywhere within the grid but not outside of it.
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[00189] The tracking system 10, in certain embodiments, may causc onc of the vehicles
360 (c.g., via the ride control system 382) to stop. For ¢xample, the tracking system 10
may determine that the vehicle 360 proximate the boundary line 426 between the first and
fourth blocks 414, 428 is too close to the first block 414 becausc the unoccupied vehicle
416 has not yct loaded. In this scenario, the tracking system 10 may causc the vehicle
360 to stop (e.g., via ride control system 382). However, the tracking system 10 may also
cause one or more show effects to trigger so that the stop appears to be intentional (i.c.,
part of the ride) to the pcople on the stopped vehicle 360. Oncce the tracking system 10
determines that the vehicle 416 is loaded and begins moving, the tracking system 10 may
also re-initiate (or re-allow) movement of the vehicle 360. Indced, the tracking system 10
may, rather than controlling all aspects of the movement of the vehicles 360, only send

“g0” or “no-go” signals that allow or disallow movement as appropriate.

[00190] FIG. 27 illustrates another embodiment of the manner in which the tracking
system 10 may be used to control movement of the ride vehicles 360. Specifically, FIG.
27 is an clevational view of an embodiment of the attraction 364 in which the ride vehicle
360 is guided along a guidancc path 440, which may be considered to represent 4 more
specific embodiment of thc unconstrained path 363. The guidance path 440, as
illustrated, includes a plurality of the rctro-reflective markers 24 in a funnel-like pattern
442, which may ultimately function to cause the ride vehicle 360 to be guided along a

particular trajectory along the path 440 and toward a predetermined location 444.

[00191] More specifically, the illustrated pattern 442 is formed by a first plurality of
retro-reflective markers 446 positioned at a first side 448 of the path 440, and a second
plurality of retro-reflective markers 450 positioned at a sccond side 452 of the path 440.
The first and sccond pluralities of retro-reflective markers 446, 450 are spaced apart by a
distance that changcs along a direction extending toward the predctermined location 444,
As illustrated toward the left side of the path 440, the distance is depicted as W1,
representing a first width, and, moving to the right and toward the predetermined location

444, the width changes to a sccond width W2, which is smaller than the first width W1.
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In this way, the converging pluralitics of retro-reflective markers 446, 450 define a
tapered spacc 454 where no retro-reflective markers 24 are present. As described in
further detail below, the tracking system 10 and the ride control system 382 may opcratc

to constrain the ride vchicle 360 to within this tapered space 454.

[00192] As also illustrated, the ride vehicle 360 may include various featurcs that
cnable the person 70 within the ride vehicle 360 to move the ride vehicle 360 in a number
of different dircctions. Generally, these features of the ride vehicle 360 function to allow
the person 70 to fecl as if they are in full control over the ride vehicle 360 while the
vehicle 360, in reality, is being directed in the general direction toward the predetermined
location 444. The features include, by way of example, a vehicle drive system 456 that
may be in communication with the tracking system 10 and/or the ride control system 382

via the transceiver 404.

[00193] The vehicle drive systcm 456 gencerally includes a drive system 458 and a
steering system 460, which are configured to move the vchicle 360 along the path 440
and also allow the person 70 a degrce of control over the movement of the vehicle 360.
The drive system 458 may include one or more electromechanical drives (e.g., clectric
motors) and associated power systems, one or more combustion cngincs, one or more
propulsion devices, and so forth. The steering system 460 may include any suitable sct of
featurcs that cnable the vehicle 360 to be steered, such as, for instance, a rack and pinion

system, steering column, etc.

[00194] As set forth above, the tracking system 10 and the ride control system 382 may
operate in conjunction with the vehicle drive system 456 to adjust the degree of control
that the person 70 driving the ride vehicle 360 has over the overall dircction in which the
ride vchicle 360 travels. For example, the tracking system 10 may track the location and
movement of the ride vehicle 360 and send this tracking information to the ride control
system 382. Alternatively, the tracking system 10 may process the tracking data to

provide an instruction input to the ride control system 382.
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[00195] As an cxample of the manner in which the amuscment attraction 364 functions,
the ride vehicle 360 may travel along the path 440, while being tracked by the tracking
system 10 using any onc or a combination of thc techniques described above. The
tracking system 10 may also, for example, treat the first and second pluralitics of retro-
reflective markers 446, 450 as boundary featurcs, where the tracking system 10 monitors
the location of the vchicle 360 relative to the first and second pluralities of rctro-
reflective markers 446, 450, and determines whether the vehicle 360 has cncroached into
either of the pluralitics or may, bascd upon a determined trajectory, encroach into either

of the pluralitics.

[00196] If the tracking system 10 dctermines that the vchicle 360 requires adjustment
(e.g., according to a storcd set of instructions or rules associated with the attraction 364),
the tracking system 10 may send appropriate instructions to the ride control system 382 to
causc the vector orientation or magnitude of the vehicle’s movement to be adjusted. In
accordance with the illustrated cmbodiment, the adjustment may be made so that the
vehicle 360 is urged in a direction toward the predetermined location 444, Accordingly,
while the person 70 may belicve that they arc in complete control over the vehicle 360,

they are slowly being urged toward the location 444.

[00197] The amuscment attraction 364 may also include amusement park equipment 12
to crcatc show reasons for the vehicle 360 to move along the path 440 toward the location
444. For cxample, as shown, thc person 70 may, upon identification of the amusement
park cquipment 12 such as a show cffect (c.g., a flame, a display), steer the ride vehicle
360 toward the cquipment 12. In doing so, the person 70 causes the vehicle 360 to be
directed further into the tapered arca 454, and therefore directed closer to the location

444.

[00198] Further embodiments of the path 440 are depicted in the overhead views of
FIGS. 28 and 29. Specifically, in FIG. 28§, the path 440 may be considered to be an
overhead vicw of thc path 440 in FIG. 27, where movement of the vehicle 360 is

constraincd to within the tapered area 454 where retro-reflective markers 24 arc not
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present. As also shown in FIG. 28, the tracking system 10 may utilize multiple emitters
14 and detectors 16 to enable the control unit 18 to determine vector oricntation of the

vehicle 360 through the path 440 and also to provide range.

[00199] As illustrated in FI1G. 29, in certain embodiments, layers of different retro-
reflective markers 24 may be used. Specifically, FIG. 29 illustrates an embodiment of
the guide path 440 in which the first plurality of markers 446 and the second plurality of
markers 450 each include a first subset of retro-reflective markers 464 and a second
subset of retro-reflective markers 466 that include different retro-reflective elements or
retro-reflect different wavelengths. The first subset of retro-reflective markers 464 may
and the second subset of retro-reflective markers 466 arc positioned at different lateral
positions relative to the guide path 440, and may be considered to serve as layers used to
cncourage motion of the ride vehicles 360 along the path 440 toward the predetermined
location 444 in distinct ways, even though riders in the vehicles 360 may believe that the

vehicles can travel outside of the path 440, as generally depicted by arrows 470.

[00200] For example, as shown with respect to the first ride vehicle 360A, the tracking
system 10 may detect that the first ride vehicle 360A has occluded a portion of the first
subsct of retro-reflective markers 464, and may initiate a first response in the first vehicle
360A, such as sputtering of the first vehicle 360A, slowing of the first vehicle 360A, or
some other haptic feedback that encourages the riders to direct the first vehicle 360A
back into the path 440. In situations where the riders continue to direct vchicles 360
outside of the path 440, as illustrated with respect to the second ride vehicle 360B, the
tracking system 10 may detect that the second ride vehicle 360B has occluded a portion
of the second subsct of retro-reflective markers 466, and may initiate a second response
in the seccond vehicle 360B, that is more severe than the first response, such as stopping
the second vehicle 360B, turning the second vehicle 360B, or some other control that

moves the second vehicle 360B back into the path 440.

[00201] FIG. 30 depicts an embodiment of the guide path 440 where, rather than

constraining the vehicle to a tapered area in which retro-reflective markers are not present
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as in FIGS, 27-29, thc amuscment attraction 364 instead uses the tracking system 10 to
cnsure that the vehicle 360 remains over a grid path 180 cstablished by a particular
pattern of rctro-reflective markers 24. The retro-reflective markers 24, as shown, are
formed into a tapered pattern such that to remain over at Icast some of the markers 24, the
vehicle 360 must travel gencrally along a predetermined trajectory 482, and not along a
trajectory 484 that causcs the vehicle 360 to stop occluding at lcast some of the markers
24. To taper the path 440 in a similar manner as set forth above with respect to FIGS. 27
and 28, the grid path 480 tapers from the first width W1 and to the sccond width W2.
The tracking system 10, accordingly, may monitor grid occlusion to determinc vector
magnitude, orientation, and scnsc information relating to the movement of the vehicle
360, and may make certain adjustments to these or other parameters (e.g., using the ride
control system 382) if the tracking system 10 determines that the vehicle 360 has or is

likely to move off of the grid path 480.

[00202] Whilc only certain features of the present cmbodiments have been illustrated
and described hercin, many modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended claims arc intended to cover all

such modifications and changes as fall within the true spirit of the invention.
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CLAIMS

The invention claimed is:

1. An amusement park ride system, comprising:
a ride vehicle positioned on a ride path and configured to move along the ride path;

a plurality of retro-reflective markers positioned on the ride vehicle, along the ride
path, or both;

an emission subsystem configured to emit electromagnetic radiation toward the

plurality of retro-reflective markers;

a detection subsystem configured to detect a pattern of retro-reflection of the
electromagnetic radiation from the plurality of retro-reflective markers while filtering

electromagnetic radiation that is not retro-refiected; and

a control system communicatively coupled to the detection subsystem and
comprising processing circuitry configured to: monitor the pattern of retro-reflection of the
electromagnetic radiation from the plurality of retro-reflective markers for changes; and track
movement of the ride vehicle in space and time based on changes in the pattern of retro-

reflected electromagnetic radiation detected by the detection subsystem.

2. The system of claim 1, wherein the detection subsystem comprises at least one
detection camera having at least one optical filter and an overhead view of the ride path,
wherein the at least one optical filter is configured to filter electromagnetic radiation that is
not retro-reflected while not filtering electromagnetic radiation that is retro-reflected by the

plurality of retro-reflective markers.

3. The system of claim 1, wherein the ride path comprises a rail system, and the
plurality of retro-reflective markers comprises retro-reflective markers positioned on the rail
system wherein the processing circuitry of the control system is configured to monitor retro-
reflected electromagnetic radiation from the retro-reflective markers on the track for a
change from a first pattern of retro-reflected electromagnetic radiation to a second pattern of

retro-reflected electromagnetic radiation.

4. The system of claim 3, wherein the processing circuitry of the control system is

configured to: correlate portions of the first pattern no longer present in the second pattern
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with a pattern of retro-reflective markers on the track occluded by the ride vehicle over time;
and determine a vector orientation of the movement of the ride vehicle on the track based on

the pattern of retro-reflective markers on the track occluded by the ride vehicle.

5. The system of claim 4, wherein the processing circuitry is configured to maintain a

predetermined relationship between the vector orientation and the track.

6. The system of claim 3, wherein the processing circuitry of the control system is
configured to: correlate portions of the first pattern no longer present in the second pattern
with a pattern of retro-reflective markers on the track occluded by the ride vehicle; compare
the pattern of retro-reflective markers on the track occluded by the ride vehicle with a stored
geometry of the ride vehicle; and identify whether the stored geometry of the ride vehicle and
the pattern of retro-reflective markers on the track occluded by the ride vehicle have a
predetermined geometric relationship.

7. The system of claim 6, wherein the processing circuitry of the control system is
configured to control at least one operating parameter of the ride vehicle to maintain the

predetermined geometric relationship.

8. The system of claim 1, comprising an effect device positioned along the track and in
communication with the control system, and wherein the processing circuitry of the control
system is configured to determine, based on the tracked location and movement of the ride
vehicle and a stored location of the effect device, a location of the ride vehicle relative to the
effect device, and wherein the processing circuitry of the control system is configured to
trigger the effect device when the location of the ride vehicle is within a predetermined

distance to the effect device.

9. The system of claim 1, wherein: the plurality of retro-reflective markers comprises a
set of retro-reflective markers positioned on the path in a predetermined relationship relative
to a direction of intended travel of the ride vehicle, the direction of intended travel being
oriented toward a predetermined location along the path; the ride vehicle comprises
communication circuitry configured to communicate with the control system and a drive
system configured to enable steering and velocity control of the ride vehicle; and the
processing circuitry of the control system is configured to maintain the ride vehicle generally
along the direction of intended travel, over time, based on monitored retro-reflection from the
retro-reflective markers on the path.
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10. The system of claim 9, wherein the plurality of retro-reflective markers comprises a
first set of retro-reflective markers positioned on a first side of the path and a second set of
retro-reflective markers positioned on a second side of the path, the first and second sides of
the path being at opposite lateral extents of the path relative to the direction of intended
travel of the ride vehicle, and wherein the processing circuitry is configured to: identify
occlusion of retro-reflective markers of the first set of retro-reflective markers or second set
of retro-reflective markers, or both, based on a change from a first pattern of retro-reflected
electromagnetic radiation to a second pattern of retro-reflected electromagnetic radiation in
which a portion of the first pattern is no longer present; correlate the occlusion of the retro-
reflective markers with the presence of the ride vehicle; and adjust a movement vector of the
ride vehicle to return the ride vehicle to a region of the path between the first and second

sets of retro-reflective markers using the drive system of the ride vehicle.

1. The system of claim 10, wherein the first and second sets of retro-reflective markers
converge toward one another such that the region of the path between the first and second

sets of retro-reflective markers tapers toward the predetermined location.

12. The system of claim 9, wherein the plurality of retro-reflective markers comprises a
set of retro-reflective markers positioned along the direction of intended travel of the ride
vehicle and in a tapered geometry, and wherein the tapered geometry of the set of retro-

reflective markers tapers toward the predetermined location.

13. The system of claim 1, wherein the processing circuitry is configured to: identify
occlusion of retro-reflective markers of the set of retro-reflective markers based on a change
from a first pattern of retro-reflected electromagnetic radiation to a second pattern of retro-
reflected electromagnetic radiation in which a portion of the first pattern is no longer present;
correlate the occlusion of the retro-reflective markers with the presence of the ride vehicle;
and maintain occlusion of at least a portion of the set of retro-reflective markers by the ride
vehicle using the drive system of the ride vehicle to maintain a vector orientation of the

movement of the ride vehicle generally along the direction of intended travel.

14. The system of claim 1, wherein the piurality of retro-reflective markers comprises at
least three retro-reflective markers positioned on different sides of the ride vehicle, and
wherein the detection subsystem comprises at least two detector cameras configured to
detect retro-reflected electromagnetic radiation from the at least three retro-reflective
markers while filtering out electromagnetic radiation that is not retro-reflected, and wherein

the processing circuitry of the control system is configured to track the ride vehicle in space
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and time in three spatial dimensions based on the retro-reflected electromagnetic radiation

from the at least three retro-reflective markers.

15. The system of claim 14, wherein the processing circuitry of the control system is
configured to track the ride vehicle in space and time in the three spatial dimensions relative
to the path.

16. A method of tracking and controlling an amusement park ride vehicle, comprising:

flooding a ride vehicle path of an amusement park attraction with electromagnetic

radiation using an emission subsystem comprising one or more emitters;

detecting wavelengths of electromagnetic radiation retro-refiected from within the ride
vehicle path while filtering wavelengths of electromagnetic radiation not retro-reflected from
within the guest attraction area using a detection subsystem having one or more optical

filters; and

tracking, in space and time, a movement and a location of a ride vehicle on the ride
vehicle path based on changes in the retro-reflected electromagnetic radiation with a control

system communicatively coupled to the detection subsystem.

17. The method of claim 16, comprising controlling at least one operating parameter of
the ride vehicle based on the tracked movement and location of the ride vehicle on the ride
vehicle path using the control system, wherein tracking, in space and time, the movement

and the location of the ride vehicle on the ride vehicle path comprises:

tracking patterns of retro-reflected electromagnetic radiation produced from retro-

reflection by the retro-reflective markers positioned on the ride vehicle path;

identifying changes in the patterns of retro-reflected electromagnetic radiation in
which a first pattern of retro-reflected electromagnetic radiation changes to a second pattern
of retro-reflected electromagnetic radiation in which portions of the first pattern of retro-
reflected electromagnetic radiation are no longer present; and correlating the portions of the
first pattern of retro-reflected electromagnetic radiation no longer present in the second
pattern with occlusion of retro-reflective markers positioned on the ride vehicle path by the

ride vehicle; and

wherein controlling at least one operating parameter of the ride vehicle based on the

tracked movement and location of the ride vehicle on the ride vehicle path using the control
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system comprises controlling the at least one operating parameter to maintain a
predetermined degree of occlusion of the retro-reflective markers on the path by the ride

vehicle.

18. The method of claim 16, comprising:

retro-reflecting the electromagnetic radiation using at least three retro-reflective

markers positioned on different sides of the ride vehicle;

detecting, from different perspectives, retro-reflected electromagnetic radiation from
the at least three retro-reflective markers while filtering out electromagnetic radiation that is

not retro-reflected using at least two detector cameras of the detection subsystem; and

tracking the ride vehicle in space and time in three spatial dimensions based on the
retro-reflected electromagnetic radiation from the at least three retro-reflective markers using

the control system.
19. The method of claim 16, comprising triggering an effect device when the tracked

location and movement of the ride vehicle indicates that the ride vehicle is within a

predetermined distance of the effect device.
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