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(57) Abrégée/Abstract:

An automated transportation (10) system includes a plurality of vehicles (22) adapted to travel along a pathway, and a monitoring
system (/0) located within each vehicle and adapted to monitor a location and a speed between an associated vehicle and the
pathway. The automated transportation system (10) also Includes a transmitter (72) located within each vehicle (22) and adapted
to transmit a signal that includes data on the location and the speed monitored, and a recelver (76) located within each vehicle and
adapted to recelve the signal from each of the other vehicles. The automated transportation system (10) further includes a
controller (78) located within each vehicle and adapted to interpret the signal received by the receiver and control the associated
vehicle to provide proper spacing between the remaining vehicles to avoid collisions therebetween and maximize throughput of the
vehicles along the pathway.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




035427 A3

—

WO 0

CA 02464395 2004-04-21

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

1 May 2003 (01.05.2003) PCT WO 03/035427 A3
(51) International Patent Classification’: BO6F 17/10 (81) Designated States (national): AE, AG, AL, AM, AT, AU,
| o AZ. BA. BB. BG. BR, BY. BZ. CA. CH. CN. CO. CR. CU.
(21) International Application Number: PCT/US02/08535 7 DE. DE. DM DZ He: Bi BS. 1. G5, G, G GH.
(22) International Filing Date: 20 March 2002 (20.03.2002) GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
N - LK. LR. LS. LT, LU, LV. MA, MD., MG. MK. MN., MW,
(25) Filing Language: Englis MX, MZ. NO. NZ. OM. PH. PL. PT, RO. RU. SD. SE. SG,

(30) Priority Data:
60/337,439

(71) Applicant (for all designated States except US): CAS-
CADE ENGINEERING, INC. [US/US]; 5251 36th
Street, S.E., Grand Rapids, MI 49512-2011 (US).

22 October 2001 (22.10.2001) US

(72) Inventors; and

(75) Inventors/Applicants (for US only): GAEGAUF,
Benedikt, J. [CH/US]; 910 Floral Ave., S.E., Grand
Rapids, MI 49506 (US). AMMOND, P., Charles
[US/US]; 1765 Warwick Road, S.E., Grand Rapids, MI
49506 (US).

(74) Agent: CARRIER, Robert, J.; Price, Heneveld, Cooper,
Dewitt & Litton, 695 Kenmoor, S.E., P.O. BOX 2567,
Grand Rapids, MI 49501-2567 (US).

VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BE, Bl, CFL, CG, CI, CM, GA, GN, GQ, GW, ML, MR,

NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
18 December 2003

[Continued on next page/

(54) Title: INDIVIDUAL TRANSPORT CONTROL AND COMMUNICATION SYSTEM

‘-._-
T ——
T et AS—  w——

83

CENTRAL
CONTROLLER

22

(57) Abstract: An automated transportation (10) system includes a plurality of vehicles (22) adapted to travel along a pathway, and a
monitoring system (70) located within each vehicle and adapted to monitor a location and a speed between an associated vehicle and
the pathway. The automated transportation system (10) also includes a transmitter (72) located within each vehicle (22) and adapted
¢ to transmit a signal that includes data on the location and the speed monitored, and a receiver (76) located within each vehicle and
adapted to receive the signal from each of the other vehicles. The automated transportation system (10) further includes a controller
(78) located within each vehicle and adapted to interpret the signal received by the receiver and control the associated vehicle to
provide proper spacing between the remaining vehicles to avoid collisions therebetween and maximize throughput of the vehicles

along the pathway.
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INDIVIDUAL TRANSPORT CONTROL AND COMMUNICATION SYSTEM
BACKGROUND OF THE INVENTION

The present invention relates to a vehicle control and communication system, and
in particular to a vehicle control and communication system that controls the speed of a
vehicle along a pathway relative to the position and speed of other vehicles traveling along
the pathway.

Ever increasing demands on conventional individual transportation modes has led
to unacceptable congestion. Expanding populations, most noticeably 1n urban areas, have
begun to over tax our city streets and highway systems designed to support a fraction of
the vehicular traffic currently using them. Such congestions have led to unacceptable
delays resulting both in waste of time and excessive fuel consumption. The congestion
problems are exacerbated by poor traffic management within particular concentrated areas,
as well as within entire highway/roadway systems. In addition, individual traffic as
currently organized, depends on each person to drive his or her vehicle sately and
responsibly. Unfortunately, differences in driving skills and levels of responsibility can
cause serious injuries or even fatalities.

An alternative to highway based transportation systems have been mass transit
systems, including trains and subway systems. The most significant drawback with
respect to these mass transits systems is the inconveniences associated with their schedules
to pre-determined destinations. Profitable mass transit systems require a significant
number of people in need of transportation at a particular location, at a particular time,
traveling to the same destination. Other destinations can be reached, but only with one or
more transfers by the passenger from one route onto another. With heavy usage and the
commonly-applied principal of first-come-first-served, people might not have an available
seat, or personal space to work in or relax. Mass transit systems are also required to
operate at off-peak hours with minimal usage making them expensive to operate.

A new alternative under development 1s the individual transportation system.
Typically, these systems include a plurality of individual “personal” vehicles traveling
along a common pathway or railway system, and combine the advantages of a highway
based transportation system, such as an automobile, and the advantages of a mass transit
system. While an individual transportation system may relieve traffic congestions,
decrease pollution and excessive fuel consumption, 1t must also provide safety to the
passengers as well as maximize throughput along an associated pathway system.

Specifically, the system should maximize throughput within the pathway system by
-1-



10

15

20

25

30

CA 02464395 2004-04-21

WO 03/035427 PCT/US02/083535

effectively managing the relationship between vehicles, but also the overall movement of
the vehicles within the overall system.
SUMMARY OF THE INVENTION

One aspect of the present invention is to provide a method for controlling a
plurality of vehicles along a pathway that includes monitoring a location and a speed of
each of a plurality of vehicles with respect to a pathway via an on-board monitoring
system within each vehicle, transmitting a signal that includes the location and the speed
of each vehicle directly to each of the other vehicles via an on-board transmitter within
each vehicle, and receiving the signal directly from the other vehicles via an on-board
receiver within each vehicle. The method also includes controlling each of the vehicles
via an on-board controller within each vehicle based on the signal received from each of
the other vehicles to provide proper spacing between the vehicles to avoid collisions
therebetween and maximize throughput of the vehicles along the pathway.

Another aspect of the present invention is to provide an automated transportation
system that includes a plurality of vehicles adapted to travel along a pathway, and a
monitoring system located within each vehicle and adapted to monitor a location and a
speed between an associated vehicle and the pathway. The automated transportation
system also includes a transmitter located within each vehicle and adapted to transmit a
signal that includes data on the location and the speed monitored, and a receiver located
within each vehicle and adapted to receive the signal from each vehicle. The automated
transportation system further includes a controller located within each vehicle and adapted
to interpret the signal received by the receiver from each of the other vehicles and control
the associated vehicle to provide proper spacing between the remaining vehicles to avoid
collisions therebetween and maximize throughput of the vehicles along the pathway.

Yet another aspect of the present invention 1s to provide a method for controlling a
vehicle along a pathway that includes monitoring a speed and a location of each of a
plurality of vehicles with respect to a pathway via a monitoring system located within each
vehicle, and transmitting a primary signal that includes the speed and location of each
vehicle directly from each vehicle to each of the other vehicles via a transmitter located
within each vehicle. The method also includes receiving the primary signal directly from
the other vehicles via a receiver located within each vehicle, receiving the primary signal
at a central controller, and receiving a secondary signal from the central controller via the
receiver located within each vehicle. The method further includes controlling each of the

vehicles via a vehicle control system located within each vehicle based on the primary
2-
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signal received from each of the other vehicles to provide proper spacing between the
vehicles to avoid collisions therebetween and maximize throughput of the vehicles along
the pathway, and controlling each of the vehicles via the vehicle control system located
within each vehicle based on the secondary signal received from the central controller if
the primary signal is interfered with to provide proper spacing between the vehicles to
avoid collisions therebetween and maximize throughput of the vehicles along the pathway.

Still yet another aspect of the present invention 1s to provide an automated
transportation system that includes a plurality of vehicles adapted to travel along a
pathway, a monitoring system located within each vehicle and adapted to monitor the
speed and location with respect to the pathway, and a transmitter located within each
vehicle and adapted to transmit a primary signal that includes data on the speed and the
location monitor. The automated transportation system also includes a central controller
adapted to receive the primary signal from each vehicle, and adapted to interpret the
primary signal received and transmit a secondary signal, and a receiver located within
each vehicle and adapted to receive the primary and secondary signals from each vehicle
and the central controller, respectively. The automated transportation system further
includes a vehicle control system located within each vehicle and adapted to interpret the
primary signal received by the receiver from each of the other vehicles and control the
associated vehicle to provide proper spacing between the remaining vehicles to avoid
collisions therebetween and maximize throughput of the vehicles along the pathway, and
further adapted to interpret the secondary signal received by the receiver from the central
controller if the primary signal is interfered with to provide proper spacing between the
remaining vehicles to avoid collisions therebetween and maximize throughput of the
vehicles along the pathway.

Another aspect of the present invention i1s to provide an automated transportation
system that includes a track system that includes at least two track members, and a
plurality of vehicles that may be alternatively supported by the two track members,
wherein each vehicle includes a switching system adapted to switch the vehicle between
the track members. The automated transportation system also includes a monitoring
system located within each vehicle and adapted to momtor a switching state of an
associated vehicle, a transmitter located within each vehicle and adapted to transmit a
primary signal that includes data on the switching state of the associated vehicle, and a
recetver adapted to receive the primary signal from the transmitter. The automated

transportation system further includes a vehicle control system located within each vehicle
_3-
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and adapted to interpret the primary signal received by the receiver and control the
associated vehicle to provide proper spacing between the remaining vehicles to avoid
collisions therebetween and maximize throughput of the vehicles along the pathway.

Still yet another aspect of the present invention i1s to provide a method for
controlling a plurality of vehicles along a track system including providing a track system
that includes at least two track members, and providing a plurality of vehicles that may be
alternatively supported from the track members, wherein each vehicle includes a switching
system adapted to switch the vehicle between tracks. The method also includes
monitoring a switching state of each of the plurality of vehicles with respect to the track
members via a monitoring system located within each vehicle, transmitting a primary
signal that includes a switching state of the vehicle to at least one controller, and receiving
the primary signal at the controller. The method further includes controlling each of the
vehicles via a vehicle control system located within each vehicle based on the primary
signal received by the controller to provide proper spacing between the vehicles to avoid
collisions therebetween and maximize throughput of the vehicles along the track as the
vehicles switch between track members.

In another aspect of the present invention, a wheel slippage monitoring system
includes a first monitoring device adapted to measure the rotational velocity of a wheel of
a vehicle, and a second monitoring device adapted to measure the linear velocity of the
vehicle along the pathway. The wheel slippage monitoring system also includes a
comparator for comparing the rotational velocity of the wheel with the linear velocity ot
the vehicle and determining the amount of shppage of the wheel with respect to the
pathway.

Still yet another aspect of the present invention is to provide a wheel wear
monitoring system that includes a first monitoring device adapted to measure a current
rotational velocity of a wheel of a vehicle, wherein the wheel has an outer diameter, and a
second monitoring device adapted to measure a current linear velocity of the vehicle along
a pathway. The wheel wear monitoring system further includes a comparator for
comparing the current rotational velocity and linear velocity to a set value for the
rotational velocity of the wheel calculated from a prime wheel diameter corresponding to
the current linear velocity, thereby determining the reduction and the diameter of the
wheel from the prime wheel diameter.

The present inventive vehicle control and communication system and methods

associated with 1its use provide a highly effective means for providing proper spacing
_4-
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between a plurality of vehicles, thereby avoiding collisions therebetween, and maximizing

~ throughput of the vehicles along an associated pathway by effectively managing the

vehicles within an overall transportation system, and is particularly well adapted for the
proposed use.

These and other advantages of the invention will be further understood and
appreciated by those skilled in the art by reference to the following wrtten specification,
claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of the individual transportation system, or transit
system, as controlled by the control and communication system;

Fig. 2A is a side elevational view of a main track section, a switch track section,
and a carriage and a vehicle supported by the main track section;

Fig. 2B is a side elevational view of the main track section, the switch track
section, the carriage and vehicle supported by the switch track section;

Fig. 3A is a rear elevational view of the main track section, the switch track
section, the carriage and vehicle supported by the main track section;

Fig. 3B is a rear elevational view of the main track section, the switch track
section, and the carriage and vehicle supported by the switch track section;

Fig. 4 is a perspective view of a housing and drive units of the carriage;

Fig. 5A 1s a schematic view of the control and communication system of the
present invention;

Fig. 5B is a schematic view of the control and communication equipment of each
individual vehicle;

Fig. 5C is a schematic view of a wheel slippage monitoring system of each
individual vehicle;

Fig. 6 is a flow chart of a routine for monitoring and controlling a following
distance for as conducted by a controller within each vehicle;

Fig. 7 is a flow chart for a routine for monitoring and controlling a switching
function for each carriage as conducted by the controller within each vehicle;

Fig. 8 is a schematic view of an alternative embodiment of the control and
communication system of the present invention; and

Fig. 9 is a flow chart of a routine for monitoring and controlling wheel slippage of

the drive units as conducted by a controller within each vehicle.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

For purposes of description herein, the terms “upper,” “lower,” “right,” “left,”
“rear,” “front,” “vertical,” “horizontal,” and derivatives thereof shall relate to the invention
as oriented in Fig. 2A. However, it is to be understood that the invention may assume
various alternative orientations and step sequences, except where expressly specified to
the contrary. It is also to be understood that the specific devices and processes 1llustrated
in the attached drawings, and described in the following specification are exemplary
embodiments of the inventive concepts defined in the appended claims. Hence, specific
dimensions and other physical characteristics relating to the embodiments disclosed herein
are not to be considered as limiting, unless the claims expressly state otherwise.

In the illustrated example, the present inventive individual transport control and
communication system is utilized in conjunction with an individual transportation system
10 (Fig. 1). It should be noted that while the 1llustrated control and communication system
of the automated transportation system 10 includes a plurality of vehicles supported by an
overhead track, these principals and concepts disclosed herein may be applied to other
transportation system that include vehicles traveling along a common track and/or to a
plurality of motorized vehicles traveling along a highway system, and that the description
of transportation system 10 1s provided for 1llustrative and contextual purposes only.

Transportation system 10 includes a track system 12 having a primary track section
14 and a switch track section 16. The transportation system 10 also include a plurality of
carriages 20 (Fig. 2A) supported by track system 12, a plurality of passenger vehicles 22
each mateably engageable with one of the carriages 20 and adapted to hold at least one
passenger and/or cargo therein. The track system 12 includes a pnmary track section 14
that extends between points of interest such as urban areas, cities, plants, and/or facilities
on a business campus or the like. Switching track section 16 of track system 12 allows
switching of the carriage 20 and passenger vehicle 22 combination to be redirected and
transferred between different primary track sections 14.

In the illustrated example, track system 12 is a passive track in that no power is
supplied to the carriage 20 and passenger vehicle 22 combination while carnage 20 moves
along track system 12, thereby eliminating the possibility of a power supply interruption to
the carriage and passenger vehicle 22 combination operating thereon and the possible
halting of numerous carriage 20 and passenger vehicle 22 combinations traveling along
system 12. However, it should be noted that track system 12 may in fact include a power

supply associated therewith. In addition, in the illustrated example, track system 12 1s a
_6-
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static track in that the track itself is stationary and all switching operations are
accomplished via manipulation of carriage system 20. However, it should be noted that in
certain applications, track system 12 may include moveable members that assist and/or
accomplish the switching procedure.

Primary track section 14 (Figs. 2A and 3A) includes a longitudinally extending
main support structure 26. Primary track section 14 also includes a plurality of laterally
extending track support members 28 spaced longitudinally along main support structure
26. The geometrical cross-section of each main track member 32 i1s similar to that of
railway rails. The main track members 32 extend in an end-to-end fashion and may be
welded or spliced together, or connected by some other appropriate means. Primary track
section 14 is supported above the ground via a plurahity of primary track supporting poles
34,

The switching track section 16 (Figs. 2B and 3B) includes a pair of longitudinally
extending switching track support structures 42 to which a plurality of substantially C-
shaped laterally extending switch track support members 44 are fixedly attached and
spaced longitudinally therealong. Each switch track support member 44 supports a pair of
switching track members 56 thereon. Each switching track member 56 1s provided with a
geometrical cross-sectional shape similar to that of main track members 32 as described
above. The switching track section 16 is supported above ground level by a plurality of
switching track support poles or structures 58.

The track system 12 is constructed such that at least a portion of switching track
members 56 are vertically aligned with main track members 32. This alignment allows for
ease in switching the carriage 20 and passenger vehicle 22 combination from being
supported by primary track section 14 and switching track section 16. In addition, as best
illustrated in Figs. 3A and 3B, the switching track section 16 1s oriented with respect to the
primary track section 14, such that the vertical distance between main track member 32
and a corresponding switching track member 56, as indicated by arrow 60, changes along
the longitudinal length of track system 12. The change of vertical distance 66 1s utilized
when switching the carriage 20 and passenger vehicle 22 combination from being
supported on primary track section 14 to being supported on switching track section 16,
and vice versa.

Carriage system 20 detachably supports the associated passenger vehicle 22
therebelow. Carmnage system 20 includes a housing 88 (Fig. 4) assembly that houses a

primary drive system 84 and a secondary drive system 86. Primary drive system 84 is
_7-
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adapted to propel the carriage system 20 and passenger vehicle 22 combination along main
track members 32 of primary track section 14, while secondary drive system 86 1s adapted
to drive the carriage system 20 and passenger vehicle 22 combination along switching
track members 56 of switching track section 16. In the illustrated example, the secondary
drive system 86 may be rotated between a storage position (Figs. 2A and 3A), wherein the
carriage 20 and vehicle 22 combination 1s supported by primary track section 14, and 1n-
use position (Figs. 2B and 3B), wherein the carriage 20 and vehicle 22 combination 1s
supported by switching truck section 16 when aligned therewith.

In the schematically illustrated example shown 1n Fig. S5SA, automated
transportation system 10 includes a plurality of the carnage 20 and passenger vehicle 22
combinations traveling along track system 12 in a direction indicated by arrow 68. A
monitoring system 70 (Fig. 5B) is located within each vehicle 22 and 1s adapted to monitor
a location and an absolute speed between the associated vehicle 22 and track system 12. A
transmitter 72 is also located within each vehicle 22 and 1s adapted to transmit a signal in a
direction indicated by arrow 74 that includes data on the location and the speed monitored
by the monitoring system. A receiver 76 located within each vehicle 22 1s adapted to
receive signal 74 as transmitted by each of the transmitters 72 associated with each vehicle
22. A controller 78 is located within each vehicle 22 and 1s adapted to interpret signal 74
as received by receiver 76 and to control the associated vehicle 22 based on the
interpretations of signal 74 to provide proper spacing between the associated vehicle 22
and the remaining vehicles to avoid collisions therebetween and maximize throughput ot
vehicles 22 along track system 12. Although in the illustrated example monitoring system
70, transmitter 72, receiver 76 and controller 78 are each shown as being located within
vehicle 22, it should be noted that each of these components may be located within vehicle
22, carriage 20, or a combination thereof, and that the components are shown within
vehicle 22 for illustrative purposes only.

The monitoring system 70 located within each vehicle 22 1s adapted to monitor a
plurality of variables, including the relative linear speed between the associated vehicle 22
and track system 12, the acceleration/deceleration of each vehicle 22 relative to track
system 12, the application of brakes within the associated vehicle 22, the absolute position
of the associated vehicle 22 within track system 12, the distance between the associated
vehicle 22 and a preceding vehicle, the switching status of carmnage 20 supporting the
associated vehicle 22, the optimum speed for vehicle 22 given particular track conditions,

weather conditions, etc., routing information for the associated vehicle 22, pending merge
8-
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points, the “health status” of an associated vehicle 22, and a particular i1dentification for
each vehicle 22. '

The linear speed of the associated vehicle 22 with respect to track system 12 may
be monitored in a variety of ways including, but in no way limited to, a speedometer
system, a global positioning system (GPS), a bar code reader system wherem the reader
scans symbols affixed to track system 12, a radar system, a radio frequency 1dentification
system, and the like. The acceleration/deceleration of vehicle 22 relative to track system
12 may be monitored via similar means as the linear speed thereof. The application of
brakes within vehicle 22 may be monitored via a proximity switch, pressure sensor, or by
any other means capable of monitoring the application of brakes prior to the actual
slowing of vehicle 22. The absolute position of the associated vehicle 22 within track
system 12 can be monitored by many of the same means as utilized to monmitor the linear
speed of vehicle 22, including a GPS system, a bar code reading system and the like. The
distance between vehicles 22 may also be monitored in a variety of ways, including
utilizing a GPS system, utilizing a bar code reading system, a forwardly facing radar
system 80, and the like.

The transmitter 72 and receiver 76 located within each vehicle 22 transmit and
receive signal 74, respectively. Signal 74 includes data relating to the linear speed of the
vehicle 22 relative to track system 12, the acceleration/deceleration of vehicle 22 relative
to track system 12, the application of brakes within vehicle 22, the absolute position of
vehicle 22 within track system 12, the distance between vehicles 22, and the like. In a
preferred embodiment, signal 74 1s received by vehicles 22 within a particular range,
geographical location, or segment or of track system 12, however, signal 74 may be
transmitted to each and every vehicle 22 located within track system 12 depending on
physical limitations such as the type of transmission/receiver system utilized, the
broadcast frequency, the distance between vehicles 22, etc.

The controller 78 associated with each vehicle 22 is in operable communication
with monitoring system 70, transmitter 72 and receiver 76. The controller 78 1s adapted to
interpret signal 74 received by receiver 76 and to control the associated vehicle 22 based
on the interpretation of signal 74 as well as the data received from monitoring system 70
associated therewith. In the present example, controller 78 provides proper spacing
between the associated vehicle 22 and the remaining vehicles within track system 12 to

avoid collisions therebetween and maximize throughput of vehicles 22 within track system
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12 by providing collision avoidance, reducing delay times associated with stack error as

discussed below and the like.

The specific decision making routine conducted by controller 78 is 1llustrated in
Fig. 6. In the illustrated routine, vehicle 22 enters the track system 12 or “starts” in
motion along track 12 in step 100. The controller 78 calculates an initial mimimum safe
distance between vehicles based on particular inputs such as track conditions based on
weather, brake operational efficiency, etc., and sets a set-point speed in step 102.
Controller 78 continually monitors the linear speed of associated vehicle 22 against the
set-point speed and adjusts accordingly in step 104 to keep associated vehicle 22 traveling
at the set-point speed. Specifically, if the current linear speed of associated vehicle 22 1s
less than or equal to the set-point speed, controller 78 allows vehicle 22 to continue to
operate at the current linear speed. However, if the current linear speed of vehicle 22 1s
greater than the set-point speed, controller 78 slows the associated vehicle i step 106.
Controller 78 also continuously monitors signals 74 received from preceding vehicles and
determines if there is a preceding vehicle in step 108. If the associated vehicle 22 1s not
preceded by another vehicle, controller 78 continues to monitor the current linear speed of
associated vehicle 22 against the set-point speed in step 110, similar to as discussed above.
Further, if there is no preceding vehicle, controller 78 determines whether the actual speed
of vehicle 22 is less than the set-point speed in step 110, and may increase the linear speed
of vehicle 22 along track 12 in step 112. If controller 78 determines that associated
vehicle 22 is preceded by another vehicle in step 108, controller 78 determines whether the
distance between the associated vehicle 22 and the preceding vehicle i1s greater than or
equal to the minimum safe following distance in step 114. Specifically, 1f the mimmimum
safe following distance is not met, the controller reduces the speed of the associated
vehicle 22 via step 106. If controller 78 determines that the distance between the
associated vehicle 22 and the preceding vehicle 1s greater than and/or equal to the
minimum safe following distance, controller 78 then determines whether the actual
following distance is specifically greater than or equal to the minimum sate following
distance in step 116. Specifically, 1f the actual following distance 1s greater than the
minimum safe following distance, controller 78 increases the speed of the associated
vehicle 22 via step 112, while the actual following distance is equal to the minimum safe
following distance, controller 78 does not adjust the speed of the associated vehicle 22. It

should be noted that the value for the minimum safe following distance in step 116 may
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include a safety factor, thereby allowing a distance between the vehicles that 1s slightly
greater than the minimum safe following distance.

By communicating the data as described above directly between each and every
vehicle 22 operating within track system 12 or a subsection thereof, the stack error
associated with cascading the information along a line of vehicles 22 1s eliminated.
Specifically, any trailing vehicle 22 within a group of vehicles i1s instantaneously and
immediately notified of any change in operation of any preceding vehicle, such as an
acceleration/deceleration, the application of brakes, the absolute position and speed of a
preceding vehicle and the spacing between preceding vehicles as well as between any
vehicle 22 and the vehicle immediately preceding that vehicle. This direct communication
eliminates stack error(s), as well as delay time associated with a central control system
which in turn would control the vehicles. In addition, the switching status of carriage 20
between track members 32 of primary track section 14 and track members 56 of switching
track section 16 can be immediately transferred to any following vehicles 22. Further, a
pending switching motion can also be communicated between the vehicles 22, such as
when a carriage and passenger vehicle 22 combination approaches a predetermined

switching point as known and communicated by the associated controllers 78 as described

below.

The monitoring system 70 within each vehicle 22 also monitors the switch
condition of carriage 20 associated therewith, and may be utilized to mampulate the
switching state based on the location, speed, etc., of the carriage 20 and vehicle 22
combination within track system 12. The specific decision making routine conducted by
controller 78 for controlling the switching state of carriage 20 1s 1llustrated in Fig. 7. The

monitoring system 70 of each vehicle 22 continuously monitors the location of the

~carriage 20 and vehicle 22 combination with primary track section 14. Controller 78

determines whether the location of the carrnage 20 and vehicle 22 combination
corresponds to a particular predetermined location along the primary track 14 preceding
the beginning of switching track member 16 in step 120, and initiates rotation of the
secondary drive system 86 from the storage position (Figs. 2A and 3A) to the in-use
position (Figs. 2B and 3B) in step 122. Monitoring system 70 also monitors whether the
secondary drive system 86 has been properly rotated from the storage position to the in-
use position in step 124. Specifically, if the lifting procedure has not been conducted
properly, an error signal can be sent to the passengers within vehicle 22, as well as central

control station in step 126. In addition, an error signal 1s utilized to cause controller 78 to
-11-
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lower the secondary drive system 86 back to the storage position if it has only partially
rotated to the in-use position. Monitoring system 70 continues to monitor the position of
secondary drive system 86 while in use to assure proper operation thereof in step 126. The
monitoring system 70 and controller 78 perform a reverse function of monitoring and
lowering the secondary drive system 86 from the in-use position to the storage position
similar to as described above.

The switching status of each carriage 20 and vehicle 22 combination is
communicated with every other vehicle operating within track system 12 or a particular
segment thereof as previously discussed similar to as described above with respect to
absolute linear velocity of each vehicle, the distance between vehicles, etc. The
communication of the switching data discussed above with other vehicles improves safety
by providing for collision avoidance and increases the throughput of vehicles with the
track system 12 by allowing the controllers 78 of vehicles 22 to adjust the relative
positions and speeds of the associated vehicle 22 with respect to the data recerved.

In an alternative embodiment, as shown in Fig. 8, the signal 74 as communicated
between the transmitters 72 and receivers 76 of vehicles 22 1s also received by a central
controller 82. Central controller 82 can form a plurality of functions by providing a
backup or secondary signal as indicated by arrow 83 to each vehicle 22. The secondary
signal 83 provided by central controller 82 includes information similar to that compiled
by controller 78 within each vehicle 22 including the speed of a particular vehicle 22 with
respect to track system 12, the acceleration/deceleration of each vehicle 22 relative to
track system 12, the application of brakes within each vehicle 22, the distance between
vehicles 22, and the switching status of each carriage 20 and vehicle 22 combination. The
signal 83 as transmitted by central controller 82 and received by receivers 76 within each
vehicle 22 is utilized by the controllers 78 within each vehicle 22 to control the associated
vehicle 22 and provide adequate spacing between the associated vehicle 22 and the
remaining vehicles. Central controller 82 may be utihized as a backup control system to
the controllers 78 within each vehicle 22 in the event signal 74 1s disrupted and not
received by the particular receiver 76 and/or in the event of a malfunction of an onboard
controller 78 provided the physical mechanisms associated with the carritage 20 and
vehicle 22 combination are still operable. Further, the signal that 1s received from central
controller 82 may be used in conjunction with signal 74 from each vehicle 22 to organize
and streamline the overall efficiency of the vehicle traffic within track system 12 as well

as to verify signal 74.
_12-
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The automated transportation system 10 further includes a wheel shippage
monitoring system for monitoring the efficiency of primary drive system 84 and secondary
drive system 86 within carriage system 20. In the illustrated example, primary drive
system 84 (Fig. 4) includes two pairs of primary drive wheels 90 located at opposite ends
of housing 88 and adapted to ride along main track members 32 of primary track section
14, as shown in Figs. 2A and 3A. Each primary drive wheel 90 1s preferably constructed
of steel, a hard polyurethane material, or combination of both, although other suitable
materials may be used. Secondary drive system 86 includes two pairs of secondary drive
wheels 92 placed at opposite ends of housing 88 in which are adapted to propel the
carriage system 20 and passenger vehicle 22 combination along switching track members
56 of switching track section 16. Each wheel 92 is preferably constructed ot steel, a soft
polyurethane, or combination of both, although other suitable materials may'be used.

Weather conditions, track conditions, and possible mechanical failures may cause
the primary drive wheels 90 and/or secondary drive wheels 92 to slip or spin relative to
main track members 32 and switching track members 56, respectively. The resulting
slippage of wheels 90 and 92 would not only decrease the efficiency of the travel of the
carriage 20 and passenger vehicle 22 combinations within track system 12, but may also
result in stack problems between vehicles 22 within particular segments of the track
system as well as raise safety issues with respect to spacing between vehicles 22 and
collisions therebetween.

The wheel slippage monitoring system 94, schematically shown in Fig. 5C,
includes a first monitoring device 96 adapted to measure the rotational velocity of primary
drive wheels 90 of primary drive system 84 and/or secondary drive wheels 92 of
secondary drive system 86 of a carriage 20 associated with a particular passenger vehicle
22. The first monitoring device may include a tachometer, laser based rotational
monitoring system, or any other monitoring device capable of monitoring the rotational
velocity of primary drive wheels 90 and/or secondary drive wheels 92. The wheel
slippage monitoring system 94 also includes a second monitoring device 98 that measures
the linear velocity of the associated vehicle 22 along track system 12 as discussed above.
Wheel slippage monitoring system 94 also includes a comparator/controller 99 (which
may be integrated with controller 78) for comparing the rotational velocity as monitored
by first monitoring system 96 with the linear velocity as monitored by second monitoring
device 98 and determines the amount of slippage of the associated wheel 90 and/or 92

with respect to track system 12. The comparator/controller 99 1s adapted to compare the
-13-
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linear velocity of the associated vehicle 22 along track system 12 to a linear velocity based
on the rotational velocity of the wheel 90 and/or 92 as monitored by the second monitoring
device 98.

The specific decision making routine conducted by the controller 99 1s 1llustrated
in Fig. 9. In the illustrated routine, the linear velocity of vehicle 22 as monitored by
second monitoring device 98 is compared with the linear velocity that should result from a
particular rotational velocity of wheel 90 and/or 92 as monitored by first monitoring
device 96 in step 130. Specifically, if the actual measured linear velocity and the
calculated linear velocity match within a reasonable amount of error, the speed 1s
communicated with the passenger, central controller 82, etc., and the system continues to
operate unaffected as shown in step 132. If the actual measured linear velocity and the
calculated linear velocity do not match within a reasonable amount of error, controller 99
determines if vehicle 22 is attempting to accelerate 1n step 133 or decelerate in step 134.
If vehicle 22 is attempting to accelerate, controller 99 enables an anti-ship traction control
device in step 136. If vehicle 22 1s attempting to decelerate, controller 99 enables an anti-
lock control associated with the braking mechanisms, as shown 1n step 138. If vehicle 22
is neither accelerating or decelerating, controller 99 may send a warning signal to the
operator and/or central controller 82 indicating excessive wheel slippage. The slippage of
wheels 90 and/or 92 is in turn used to control the associated vehicle and 1s communicated
with other vehicles to assist in the spacing therebetween and congestion within the overall
track system 12 as discussed above.

In an alternative embodiment, the comparator/controller 99 compares the linear
velocity as monitored by the first monitoring device 96 with a set value for the rotational
velocity of the wheel 90 or 92 from a prime wheel diameter corresponding to the current
linear velocity, thereby determining the reduction in the diameter of the wheel from the
prime wheel diameter. In the illustrated example, the prime wheel diameter may be the
original diameter of the wheel when first placed into service, and/or an optimum diameter
for the wheel to maximize power, reduce slippage between the wheel 90 and/or 92 and
track system 12, and the like.

The present inventive vehicle control and communication system and methods
associated with its use provide a highly effective means for providing proper spacing
between a plurality of vehicles, thereby avoiding collisions therebetween, and maximizing

throughput of the vehicles along an associated pathway by ettectively managing the

-14-
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vehicles within an overall transportation system, and 1s particularly well adapted for the

proposed use.

It will become apparent to those skilled 1n the art that modifications may be made
to the invention without departing from the concept disclosed herein. Such modifications
are to be considered as included in the following claims, unless these claims by their

language expressly state otherwise.

-15-
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CLAIMS:

1. A method for controlling a plurality of vehicles along a pathway, comprising:
monitoring a location and a speed of each of a plurality of vehicles with respect to a
pathway that includes a track system adapted to support the plurality of vehicles, wherein
the monitoring is conducted via an on-board monitoring system within each vehicle;
transmitting a signal that includes the location and the speed of each vehicle directly from
each vehicle to each of the other vehicles via an on-board transmitter within each vehicle;
receiving the signal directly from the other vehicles via an on-board receiver within each
vehicle; and controlling each of the vehicles via an on-board coﬂtroller within each vehicle
based on the signal received from each of the other vehicles to provide proper spacing
between the vehicles to avoid collisions therebetween and maximize throughput of the

vehicles along the pathway.

2. An automated transportation system, comprising: a plurality of vehicles adapted to
travel along a pathway, wherein the pathway includes a track system adapted to support
the plurality of vehicles; a monitoring system located within each vehicle and adapted to
monitor a location and a speed between an associated vehicle and the pathway; a
transmitter located within each vehicle and adapted to transmit a signal that includes data
on the location and the speed monitored; a receiver located within each vehicle and
adapted to receive the signal from each vehicle; a controller located within each vehicle
and adapted to interpret the signal received by the receiver and control the associated
vehicle based on the signal received from each of the other vehicles to provide proper
spacing between the remaining vehicles to avoid collisions therebetween and maximize

throughput of the vehicles along the pathway.

3. A method for controlling a plurality of vehicles along a pathway, comprising:
monitoring a speed and a location of each of a plurality of vehicles with respect to a
pathway via a monitoring system located within each vehicle; transmitting a primary
signal that includes the speed and location of each vehicle directly from each vehicle to
each of the other vehicles via a transmitter located within each vehicle; receiving the
primary signal directly from the other vehicles via a receiver located within each vehicle;

receiving the primary signal at a central controller; receiving a secondary signal from the
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central controller via the receiver located within each vehicle; controlling each of the
vehicles via a vehicle control system located within each vehicle based on the primary
signal received from each of the other vehicles to provide proper spacing between the
vehicles to avoid collisions therebetween and maximize throughput of the vehicles along
the pathway; and controlling each of the vehicles via the vehicle control system located
within each vehicle based on the secondary signal received from the central controller 1f
the primary signal is interfered with to provide proper spacing between the vehicles to

avoid collisions therebetween and maximize throughput of the vehicles along the pathway.

4, An automated transportation system, comprising: a plura.lity of vehicles adapted to
travel along a pathway; a monitoring system located within each vehicle and adapted to
monitor a speed and a location with respect to the pathway; a transmitter located within
each vehicle and adapted to transmit a primary signal that includes data on the speed and
the location monitored; a central controller adapted to receive the primary signal from
each vehicle, and adapted to interpret the primary signal received and transmit a secondary
signal; a receiver located within each vehicle and adapted to receive the primary and
secondary signals from each vehicle and the central controller, respectively; and a vehicle
control system located within each vehicle and adapted to interpret the primary signal
received by the receiver from each of the other vehicles and control the associated vehicle
to provide proper spacing between the remaining vehicles to avoid collisions therebetween
and maximize throughput of the vehicles along the pathway, and further adapted to
interpret the secondary signal received by the receiver from the central controller 1f the
primary signal is interfered with to provide proper spacing between the remaining vehicles
to avoid collisions therebetween and maximize throughput of the vehicles along the

pathway.

3. The method of claim 1, wherein the steps of monitoring, transmitting and receiving

includes monitoring, transmitting and receiving the acceleration/deceleration of each

vehicle.

6. The method of claim 5, wherein the steps of monitoring, transmitting and receiving
includes monitoring, transmitting and receiving the application of brakes within each

vehicle.
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7. The method of claim 6, further including: controlling the location of each of the
vehicles within the track system, wherein the track system includes at least two track

members from which the vehicles can be alternatively supported,

8. The method of claim 7, wherein the steps of monitoring, transmitting and receiving

includes monitoring, transmitting and receiving a switching state of each vehicle.

9. The method of claim 8, wherein the transmitting and receiving steps are completed

via a wireless communication system.

10. The method of claim 1, wherein the method includes controlling at least four

vehicles.

11.  The method of claim 1, wherein the steps of monitoring, transmitting and receiving
includes monitoring, transmitting and receiving the acceleration/deceleration of each

vehicle.

12.  The method of claim 1, wherein the steps of monitoring, transmitting and receiving
includes monitoring, transmitting and receiving the application of brakes within each

vehicle.

13. A method for controlling a plurality of vehicles along a pathway, comprising:
monitoring a location and a speed of each of a plurality of vehicles with respect to a
pathway via an on-board monitoring system within each vehicle; transmitting a signal that
includes the location and the speed of each vehicle directly from each vehicle to each of
the other vehicles via an on-board transmitter within each vehicle; receiving the signal
directly from the other vehicles via an on-board receiver within each vehicle; controlling
cach of the vehicles via an on-board controller within each vehicle based on the signal
received from each of the other vehicles to provide proper spacing between the vehicles to
avoid collisions therebetween and maximize throughput of the vehicles along the pathway;

and controlling the location of each of the vehicles within a track system, wherein the
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track system includes at least two track members from which the vehicles can be

alternatively supported.

14. The method of claim 13, wherein the steps of monitoring, transmitting and
receiving includes monitoring, transmitting and receiving a switching state of each

vehicle.

15.  The method of claim 1, wherein the transmitting and receiving steps are completed

via a wireless communication system.

16.  The automated transportation system of claim 2, wherein the monitoring system 1is
further adapted to monitor the distance between the associated vehicle and a vehicle

immediately preceding the associated vehicle.

17.  The automated transportation system of claim 16, wherein the monitoring system
is further adapted to monitor the acceleration/deceleration between the associated vehicle

and the vehicle immediately preceding the associated vehicle.

18.  The automated transportation system of claim 17, wherein the transmitter and

recelver are wireless communication devices.

19.  The automated transportation system of claim 18, wherein the pathway includes a

track system adapted to support the plurality of vehicles.

20.  The automated transportation system of claim 19, wherein the track system

includes at least two track members adapted to alternatively support the plurality of

vehicles.

21.  The automated transportation system of claim 20, wherein each vehicle is adapted
to switch between the two track members, and wherein the monitoring system is further

adapted to monitor a switching state of the associated vehicle.
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22.  The automated transportation system of claim 2, wherein the monitoring system 1s
further adapted to monitor the acceleration/deceleration between the associated vehicle

and the vehicle immediately preceding the associated vehicle.

23. The automated transportation system of claim 2, wherein the transmitter and

receiver are wireless communication devices.

24.  The automated transportation system of claim 2, wherein the track system includes

at least two track members adapted to alternatively support the plurality of vehicles.

25.  The automated transportation system of claim 24, wherein the each vehicle is
adapted to switch between the two track members, and wherein the monitoring system 1is

further adapted to monitor a switching state of the associated vehicle.

26.  The method of claim 3, further including: comparing the primary and secondary
signals via the vehicle control system located within each vehicle prior to controlling the
associated vehicle; and determining the accuracy of the primary and secondary signals

based on the comparison.

27. The method of claim 26, wherein the steps of monitoring, transmitting and
receiving include monitoring, transmitting and receiving a location of each vehicle with

respect to the pathway.

28.  The method of claim 27, wherein the steps of monitoring, transmitting, and
receiving include monitoring, transmitting, and receiving an acceleration/deceleration of

each vehicle with respect to a vehicle immediately preceding each vehicle.

29.  The method of claim 28, wherein the steps of monitoring, transmitting and
receiving include monitoring, transmitting and receiving the application of brakes within

each of the vehicles.
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30. The method of claim 29, further including: controlling the location of each of the
vehicles within a track system, wherein the track system includes at least two track

members which can alternatively support the vehicles.

31. The method of claim 30, wherein the steps of monitoring, transmitting and

receiving include monitoring, transmitting and receiving a switching state of each vehicle.

32.  The method of claim 3, wherein the transmitting and receiving steps are completed

via a wireless communication system.

33.  The method of claim 3 wherein the steps of monitoring, transmitting and recetving
include monitoring, transmitting and receiving the location of each vehicle with respect to

the pathway.

34. The method of claim 3, wherein the steps of monitoring, transmitting, and
receiving include monitoring, transmitting, and recetving an acceleration/deceleration of

each vehicle with respect to a vehicle immediately preceding each vehicle.

35. The method of claim 3, wherein the steps of monitoring, transmitting and receiving
include monitoring, transmitting and receiving the application of brakes within each of the

vehicles.

36. The method of claim 3, further including: controlling the location of each of the
vehicles within a track system, wherein the track system includes at least two track

members which can alternatively support the vehicles.

37. The method of claim 36, wherein the steps of monitoring, transmitting and

receiving include monitoring, transmitting and receiving a switching state of each vehicle.

38.  The automated transportation system of claim 4, wherein the monitoring system 1s
further adapted to monitor an acceleration/deceleration between the associated vehicle

with respect to a vehicle immediately preceding the associated vehicle.
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39. The automated transportation system of claim 38, wherein the monitoring system
is further adapted to monitor the distance between the associated vehicle and the vehicle

immediately preceding the associated vehicle.

40.  The automated transportation system of claim 39, wherein the monitoring system

1s further adapted to monitor the application of brakes within the associated vehicle.

41. The automated transportation system of claim 40, wherein the vehicle control
system of each vehicle is adapted to compare the primary and secondary signals and

determine the accuracy of the primary and secondary signals.

42.  The automated transportation system of claim 41, wherein the transmitter and

recelver are wireless communication devices.

43.  The automated transportation system of claim 42, wherein the pathway includes a

track system adapted to support the plurality of vehicles.

44. The automated transportation system of claim 43, wherein the track system

includes at least two track members adapted to altermatively support the plurality of

vehicles.

45. The automated transportation system of claim 44, wherein the each vehicle is
adapted to switch between the two track members, and wherein the monitoring system 1s

further adapted to monitor a switching state of the associated vehicle.

46. The automated transportation system of claim 4, wherein the vehicle control
system of each vehicle i1s adapted to compare the primary and secondary signals and

determine the accuracy of the primary and secondary signals.

47.  The automated transportation system of claim 4, wherein the transmitter and

receiver are wireless communication devices.
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48.  The automated transportation system of claim 4, wherein the pathway includes a

track system adapted to support the plurality of vehicles.

49. The automated transportation system of claim 48, wherein the track system

includes at least two track members adapted to alternatively support the plurality of

vehicles.

50. The automated transportation system of claim 49, wherein the each vehicle is
adapted to switch between the two track members, and wherein the monitoring system 1s

further adapted to monitor a switching state of the associated vehicle.

51. The automated transportation system of claim 4, wherein the monitoring system 1s
further adapted to monitor the distance between the associated vehicle and a vehicle

immediately preceding the associated vehicle.

52.  The automated transportation system of claim 4, wherein the monitoring system 1is

further adapted to monitor the application of brakes within the associated vehicle.
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