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(57) Abstract: An elevator car travels in a lane (113, 115,
117) of an elevator shatt (111). A linear propulsion system
imparts tforce to the car (214). The system includes a first
part (116) mounted in the lane of the shaft and a second part
(118) mounted to the elevator car configured to co-act with
the first part to impart movement to the car. Car state
sensors (360a-c) are disposed in the lane and determine a
state space vector of the car within the lane. A sensed ele-
ment (364) on the car is sensed by the plurality of car state
sensors when the car is in proximity to the respective car
state sensor. A control system (225) applies an electrical
current to at least one of the first part and the second part
and the plurality of car state sensors communicate with the
control system and the linear propulsion system to provide
state space vector data.
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POSITION DETERMINING FOR ROPELESS ELEVATOR SYSTEM

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein generally relates to the field of elevators,
and more particularly to a multicar, ropeless elevator system having a car state sensor system.

[0002] Ropeless elevator systems, also referred to as self-propelled elevator systems,
are useful in certain applications (e.g., high rise buildings) where the mass of the ropes for a
roped system is prohibitive and there is a desire for multiple elevator cars to travel in a single
hoistway, elevator shaft, or lane. There exist ropeless elevator systems in which a first lane is
designated for upward traveling elevator cars and a second lane is designated for downward
traveling elevator cars. A transfer station at each end of the lane is used to move cars

horizontally between the first lane and second lane.

BRIEF DESCRIPTION OF THE INVENTION

[0003] According to one embodiment, an elevator system is provided that includes an
elevator car configured to travel in a lane of an elevator shaft and a linear propulsion system
configured to impart force to the elevator car. The linear propulsion system includes a first
part mounted in the lane of the elevator shaft and a second part mounted to the elevator car
configured to co-act with the first part to impart movement to the elevator car. The system
further includes a plurality of car state sensors disposed within the lane and operable to
determine a state space vector of the elevator car within the lane and a sensed element
disposed on the elevator car, wherein each of the plurality of car state sensors is configured to
detect the sensed element when the elevator car is in proximity to the respective car state
sensor. A control system is operable to apply an electrical current to at least one of the first
part and the second part and the plurality of car state sensors are in communication with the
control system and the linear propulsion system to provide state space vector data thereto.

[0004] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein each sensor of the plurality of car state sensors is
at least one of an IR/optical transmissive sensor, an IR/optical reflective sensor, a magnetic
encoder, an eddy current sensors, and a hall effect sensor.

[0005] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein each sensor of the plurality of car state sensors is

at least one of a laser Doppler device, a CMOS/CCD camera, and a laser imaging device.
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[0006] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein the plurality of car state sensors define a plurality
of first car state sensors and the elevator car is a first elevator car in a first lane. The system
further includes a second elevator car disposed in a second lane of the elevator shaft and a
plurality of second car state sensors configured to determine the state space vector of the
second elevator car.

[0007] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein the elevator car is a first elevator car, the system
further comprising a second elevator car disposed in the same lane of the elevator shaft as the
first elevator car, wherein the plurality of car state sensors are configured to determine state
space vector of each the first elevator car and the second elevator car.

[0008] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein the plurality of car state sensors are further
configured to determine at least one of velocity, acceleration, magnetic angle, and direction
of movement of the elevator car.

[0009] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein control system is configured to determine the
state space vector of the elevator car based on the proximity of the elevator car to one or more
of the plurality of car state sensors.

[0010] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein the plurality of car state sensors are hardwired to
at least one of the control system and the propulsion system.

[0011] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein the system includes a plurality of first parts and
each of the plurality of first parts has at least one associated car state sensor.

[0012] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein the first part comprises one or more motor
segments and the second comprises one or more permanent magnets.

[0013] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, further comprising an elevator car indicator, wherein each
of the plurality of car state sensors is configured to detect an identity of the elevator car based
on the elevator car indicator.

[0014] In addition to one or more of the features described above, or as an alternative,

further embodiments may include, wherein the plurality of car state sensors are configured to
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determine the state space vector of the elevator car within the lane based on at least one of a
velocity measurement, acceleration measurement, and magnetic angle measurement.

[0015] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein the state space vector is a physical position of the
elevator car.

[0016] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, further including an elevator car indicator configured on
the elevator car and at least one additional sensor configured to detect an identity of the
elevator car based on the elevator car indicator.

[0017] According to another embodiment, a method is provided, wherein the method
includes measuring a state space vector of a first elevator car in a first lane of an elevator
shaft with at least one of a plurality of car state sensors disposed within the first lane and a
sensed element disposed on the elevator car, communicating the state space vector of the first
elevator car to a control system, and controlling at least one of the speed, direction of
movement, and acceleration of the first elevator car based on the measured state space vector
of the first elevator car.

[0018] In addition to one or more of the features described above, or as an alternative,
further embodiments may include measuring a state space vector of a second elevator car in
the first lane of the elevator shaft with at least one of the plurality of car state sensors,
communicating the state space vector of the second elevator car to the control system, and
controlling at least one of the speed, direction of movement, and acceleration of the second
elevator car based on the measured state space vector of the second elevator car.

[0019] In addition to one or more of the features described above, or as an alternative,
further embodiments may include measuring a state space vector of a second elevator car in a
second lane of the elevator shaft with at least one of a plurality of second car state sensors,
communicating the state space vector of the second elevator car to the control system, and
controlling at least one of the speed, direction of movement, and acceleration of the second
elevator car based on the measured state space vector of the second elevator car.

[0020] In addition to one or more of the features described above, or as an alternative,
further embodiments may include determining the identity of the first elevator car with the at
least one of a plurality of car state sensors, and communicating the identity of the first
elevator car to the control system.

[0021] In addition to one or more of the features described above, or as an alternative,

further embodiments may include computing at least one of the speed, direction of
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movement, magnetic angle, and acceleration of the first elevator car based on the measured
state space vector information.

[0022] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, wherein the method is performed by a control system of a
multicar, ropeless elevator system.

[0023] Technical features of the invention include providing a car state sensing
system within the hoistways, elevator shafts, or lanes of a multicar, ropeless elevator system
that enables multiple elevator cars to run independently within a single lane. Further technical
features of the invention include providing car identification with the car state data such that
a particular or specific car state may be known. Further technical features of the invention
include providing the capacity for a wired or wireless connection between various
components of the sensing system to provide a robust and high bandwidth communication

between the components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0025] FIG. 1 depicts a multicar elevator system in an exemplary embodiment;

[0026] FIG. 2 depicts view of a single elevator car within a multicar elevator system
in an exemplary embodiment;

[0027] FIG. 3 depicts a view of a single elevator car and a sensing system in
accordance with a first exemplary embodiment; and

[0028] FIG. 4 depicts a view of a single elevator car and a sensing system in

accordance with a second exemplary embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0029] FIG. 1 depicts an exemplary multicar, ropeless elevator system 100 that may
be employed with embodiments of the invention. Elevator system 100 includes an elevator
shaft 111 having a plurality of lanes 113, 115 and 117. While three lanes 113, 115, 117 are
shown in FIG. 1, it is understood that various embodiments of the invention and various
configurations of a multicar, ropeless elevator system may include any number of lanes,

either more or fewer than the three lanes shown in FIG. 1. In each lane 113, 115, 117,
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multiple elevator cars 114 can travel in one direction, i.e., up or down, or multiple cars within
a single lane may be configured to move in opposite directions. For example, in FIG. 1
elevator cars 114 in lanes 113 and 115 travel up and elevator cars 114 in lane 117 travel
down. Further, as shown in FIG. 1, one or more elevator cars 114 may travel in a single lane
113,115, and 117.

[0030] As shown, above the top accessible floor of the building is an upper transfer
station 130 configured to impart horizontal motion to the elevator cars 114 to move the
elevator cars 114 between lanes 113, 115, and 117. It is understood that upper transfer station
130 may be located at the top floor, rather than above the top floor. Similarly, below the first
floor of the building is a lower transfer station 132 configured to impart horizontal motion to
the elevator cars 114 to move the elevator cars 114 between lanes 113, 115, and 117. It is
understood that lower transfer station 132 may be located on the first floor, rather than below
the first floor. Although not shown in FIG. 1, one or more intermediate transfer stations may
be configured between the lower transfer station 132 and the upper transfer station 130.
Intermediate transfer stations are similar to the upper transfer station 130 and lower transfer
station 132 and are configured to impart horizontal motion to the elevator cars 114 at the
respective transfer station, thus enabling transfer from one lane to another lane at an
intermediary point within the elevator shaft 111. Further, although not shown in FIG. 1, the
elevator cars 114 are configured to stop at a plurality of floors 140 to allow ingress to and
egress from the elevator cars 114.

[0031] Elevator cars 114 are propelled within lanes 113, 115, 117 using a propulsion
system such as a linear, permanent magnet motor system having a primary, fixed portion, or
first part 116, and a secondary, moving portion, or second part 118. The first part 116 is a
fixed part because it is mounted to a portion of the lane, and the second part 118 is a moving
part because it is mounted on the elevator car 114 that is movable within the lane.

[0032] The first part 116 includes windings or coils mounted on a structural member
119, and may be mounted at one or both sides of the lanes 113, 115, and 117, relative to the
elevator cars 114. Specifically, first parts 116 will be located within the lanes 113, 115, 117,
on walls or sides that do not include elevator doors.

[0033] The second part 118 includes permanent magnets mounted to one or both sides
of cars 114, i.e., on the same sides as the first part 116. The second part 118 engages with the
first part 116 to support and drive the elevators cars 114 within the lanes 113, 115, 117. First
part 116 is supplied with drive signals from one or more drive units 120 to control movement

of elevator cars 114 in their respective lanes through the linear, permanent magnet motor
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system. The second part 118 operatively connects with and electromagnetically operates with
the first part 116 to be driven by the signals and electrical power. The driven second part 118
enables the elevator cars 114 to move along the first part 116 and thus move within a lane
113,115, and 117.

[0034] Those of skill in the art will appreciate that the first part 116 and second part
118 are not limited to this example. In alternative embodiments, the first part 116 may be
configured as permanent magnets, and the second part 118 may be configured as windings or
coils. Further, those of skill in the art will appreciate that other types of propulsion may be
used without departing from the scope of the invention.

[0035] The first part 116, as shown in FIG. 1, is formed from a plurality of motor
segments 122, with each segment associated with a drive unit 120. Although not shown, the
central lane 115 of FIG. 1 also includes a drive unit for each segment of the first part 116 that
is within the lane 115. Those of skill in the art will appreciate that although a drive unit 120 is
provided for each motor segment 122 of the system (one-to-one) other configurations may be
used without departing from the scope of the invention. Further, those of skill in the art will
appreciate that other types of propulsion may be employed without departing from the scope
of the invention. For example, a magnetic screw may be used for a propulsion system of
elevator cars. Thus, the described and shown propulsion system of this disclosure is merely
provided for exemplary and explanatory purposes, and is not intended to be limiting.

[0036] Turning now to FIG. 2, a view of an elevator system 200 including an elevator
car 214 that travels in lane 213 is shown. Elevator system 200 is substantially similar to
elevator system 100 of FIG. 1 and thus like features are preceded by the number “2” rather
than the number “1.” Elevator car 214 is guided by one or more guide rails 224 extending
along the length of lane 213, where the guide rails 224 may be affixed to a structural member
219. For ease of illustration, the view of FIG. 2 only depicts a single guide rail 224; however,
there may be any number of guide rails positioned within the lane 213 and may, for example,
be positioned on opposite sides of the elevator car 214. Elevator system 200 employs a linear
propulsion system as described above, where a first part 216 includes multiple motor
segments 222a, 222b, 222¢, 222d each with one or more coils 226 (i.e., phase windings). The
first part 216 may be mounted to guide rail 224, incorporated into the guide rail 224, or may
be located apart from guide rail 224 on structural member 219. The first part 216 serves as a
stator of a permanent magnet synchronous linear motor to impart force to elevator car 214.
The second part 218, as shown in FIG. 2, is mounted to the elevator car 214 and includes an

array of one or more permanent magnets 228 to form a second portion of the linear
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propulsion system of the ropeless elevator system. Coils 226 of motor segments 222a, 222b,
222c, 222d may be arranged in one or more phases, as is known in the electric motor art, e.g.,
three, six, etc. One or more first parts 216 may be mounted in the lane 213, to co-act with
permanent magnets 228 mounted to elevator car 214. Although only a single side of elevator
car 214 is shown with permanent magnets 228 the example of FIG. 2, the permanent magnets
228 may be positioned on two or more sides of elevator car 214. Alternate embodiments may
use a single first part 216/second part 218 configuration, or multiple first part 216/second part
218 configurations.

[0037] In the example of FIG. 2, there are four motor segments 222a, 222b, 222c,
222d depicted. Each of the motor segments 222a, 222b, 222¢, 222d has a corresponding or
associated drive 220a, 220b, 220c, 220d. A system controller 225 provides drive signals to
the motor segments 222a, 222b, 222¢, 222d via drives 220a, 220b, 220c, 220d to control
motion of the elevator car 214. The system controller 225 may be implemented using a
microprocessor executing a computer program stored on a storage medium to perform the
operations described herein. Alternatively, the system controller 225 may be implemented in
hardware (e.g., ASIC, FPGA) or in a combination of hardware/software. The system
controller 225 may also be part of an elevator control system. The system controller 225 may
include power circuitry (e.g., an inverter or drive) to power the first part 216. Although a
single system controller 225 is depicted, it will be understood by those of ordinary skill in the
art that a plurality of system controllers may be used. For example, a single system controller
may be provided to control the operation of a group of motor segments over a relatively short
distance, and in some embodiments a single system controller may be provided for each drive
unit or group of drive units, with the system controllers in communication with each other.

[0038] In some exemplary embodiments, as shown in FIG. 2, the elevator car 214
includes an on-board controller 256 with one or more transceivers 238 and a processor, or
CPU, 234. The on-board controller 256 and the system controller 225 collectively form a
control system where computational processing may be shifted between the on-board
controller 256 and the system controller 225. In some exemplary embodiments, the processor
234 of on-board controller 256 is configured to monitor one or more sensors and to
communicate with one or more system controllers 225 via the transceivers 238. In some
exemplary embodiments, to ensure reliable communication, elevator car 214 may include at
least two transceivers 238 configured for redundancy of communication. The transceivers
238 can be set to operate at different frequencies, or communication channels, to minimize

interference and to provide full duplex communication between the elevator car 214 and the
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one or more system controllers 225. In the example of FIG. 2, the on-board controller 256
interfaces with a load sensor 252 to detect an elevator load on a brake 236. The brake 236
may engage with the structural member 219, a guide rail 224, or other structure in the lane
213. Although the example of FIG. 2 depicts only a single load sensor 252 and brake 236,
elevator car 214 can include multiple load sensors 252 and brakes 236.

[0039] In order to drive the elevator car 214, one or more motor segments 222a, 222b,
222c, 222d can be configured to overlap the second part 218 of the elevator car 214 at any
given point in time. In the example of FIG. 2, motor segment 222d partially overlaps the
second part 218 (e.g., about 33% overlap), motor segment 222¢ fully overlaps the second part
218 (100% overlap), and motor segment 222d partially overlaps the second part 218 (e.g.,
about 66% overlap). There is no depicted overlap between motor segment 222a and the
second part 218. In some embodiments, the control system (system controller 225 and on-
board controller 256) is operable to apply an electrical current to at least one of the motor
segments 222b, 222¢, 222d that overlaps the second part 218. The system controller 225 can
control the electrical current on one or more of the drive units 220a, 220b, 220c, 220d while
receiving data from the on-board controller 256 via transceiver 238 based on load sensor 252.
The electrical current may apply an upward thrust force 239 to the elevator car 214 by
injecting a constant current, thus propelling the elevator car 214 within the lane 213. The
thrust produced by the linear propulsion system is dependent, in part, on the amount of
overlap between the first part 216 with the second part 218. The peak thrust is obtained when
there is maximum overlap of the first part 216 and the secondary potion 218.

[0040] In traditional rotary drive, roped, elevator systems, the position of the elevator
car could be determined accurately by a rotary encoder or similar device that measured the
rotation of a rotor or spool and could determine the position of the car based on the
amount/length of rope that was deployed. However, ropeless elevator systems void the
applicability for rotary encoder and rotary motors as no rope or rotor is used. Further, because
multiple cars can be located within a single lane, a single sensor at the top of the lane is not
feasible (see, e.g., FIG. 1).

[0041] Turning now to FIG. 3, a schematic view of a first exemplary embodiment of
the sensing system of the invention is shown. Elevator system 300 includes features as
discussed above with respect to FIGS. 1 and 2, and thus similar features are preceded with a
“3” rather than a “1” or *2,” respectively. Car 314 is located within a lane 313 and configured
to move in an upward or downward direction, depending on the control signals provided by

drive units 320a, 320b, 320c and/or a system controller as described above with respect to
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FIG. 2. Each drive unit 320a, 320b, 320c is operatively connected to an associated motor
segment 322a, 322b, 322¢ of the first part 316. Although not shown, car 314 will include a
second part (see elements 118, 218) that will enable propulsion and driving of the car 314
within the lane 313.

[0042] In operation, drive units 320a, 320b, 320c can energize the associated motor
segments 322a, 322b, 322c of the first part 316, respectively, to propel one or more elevator
cars 314 upward within the lane 313. Alternatively, the motor segments 322a, 322b, 322c¢ of
the first part 316 can operate as a regenerative brake to control descent of an elevator car 314
in the lane 313 and provide current back to the drive units 320a, 320b, 320c, for example, to
recharge an electrical system connected to the drive units 320a, 320b, 320c.

[0043] The drive units 320a, 320b, 320c are connected to and/or retained on or near
the structural member 319 of the lane 313. Further, the motor segments 322a, 322b, 322¢ of
the first part 316 are connected to and/or retained on or near the structural member 319 of the
lane 313. Although shown with the drive unit 320a, 320b, 320c separate from the respective
motor segments 322a, 322b, 322c¢ of the first part 316, those of skill in the art will appreciate
that the components may be configured as a single, integral unit, or sub-combinations thereof.
To provide accurate location data and control within elevator system 300 a second system is
provided.

[0044] Located on the structural member 319 may be one or more sensors 360a,
360b, 360c of a sensing system. As shown, the sensors 360a, 360b, 360c are on an opposite
side of the lane 213 from respective, laterally adjacent drive units 320a, 320b, 320c and
motor segments 322a, 322b, 322c¢ of the first part 316. However, this is not a limiting
example but rather shown for ease of explanation, and those skilled in the art will appreciate
that other configurations may be used without departing from the scope of the invention.
Further, although shown in FIG. 3 as a single lane 213, those of skill in the art will appreciate
that any number of lanes may employ sensing systems and configurations as described
herein, and each lane may contain a plurality of sensors, such as an array or series of sensors.
For example, each lane 113, 115, and 117 of FIG. 1 may be configured with the sensing
system of FIG. 3 and may span the entire length of the lanes 113, 115, and 117.

[0045] Sensors 360a, 360b, 360c are configured to be in electrical and digital
communication with the respective drive unit 320a, 320b, 320c that is adjacent to it (i.e., at
the same vertical position within the building or vertical position within the lane 313). For
example, as shown in FIG. 3, the drive unit 320a at the top of the image is configured to be in

communication with the sensor 360a at the top of the image. Similarly, drive unit 320b is
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configured to communicate with sensor 360b, and drive unit 320c is configured to
communicate with sensor 360c. Accordingly, the proposed configuration is a lateral
communication at the same level within the lane 313. However, those of skill in the art will
appreciate that other configurations may be employed without departing from the scope of
the invention. For example, a single drive unit may be in communication with more than one
sensor, or vice versa. The communication between the drive units and the sensors, and vice
versa, may be by any known means, such as a wired connection, a wireless connection, etc.
The selection may be based on the needs and design of the elevator system 300 and/or the
sensing system. For example, to provide a high bandwidth, and thus very quick and efficient
communication between the component parts, a wired connection may be preferred.

[0046] The series or array of elevator car state sensors 360a, 360b, 360c are fixed to
stationary points along the lane 313 and attached to the structural member 319. The car state
sensors 360a, 360b, 360c are configured to sense or determine a state of the elevator car, such
as the position, velocity, and/or acceleration of an elevator car 314 as the elevator car 314
passes by the respective car state sensor 360a, 360b, 360c. Thus, the location of the elevator
car 314 within the lane 313 may be determined based upon the location sensed by the car
state sensors 360a, 360b, 360c. Thus, in some embodiments, the car state sensors are always
active, and the control system selects which sensors to use for making state determinations
based on the particular elevator car and/or on the car state sensor positions. In alternatively
embodiments, car state sensors may become active based on proximity to a car, and thus the
system may determine a car state based on active sensors within lane 313, e.g., car state
sensors that are activated when an elevator car is in proximity to the sensors. Further, in some
embodiments, always active car state sensors may be configured to help identify and/or locate
uncontrolled elevator cars.

[0047] Car state sensors, in accordance with embodiments of the invention may be
sensors configured to measure or determine a state space vector, which may be position,
velocity, acceleration, motor magnetic angle, direction of movement, etc. When the state
space vector is position, the car state sensor may directly determine the physical position or
location of an elevator car. In other embodiments, the car state sensors may be configured to
sense or determine the velocity of an elevator car and from this information position and/or
acceleration may be derived. In other embodiments, the car state sensors may be configured
to detect motor magnetic angle which is used for motor control, and from this car position,
speed, and/or acceleration may be determined. However, in all embodiments, the car state

sensors are configured to determine, whether directly or indirectly through derivation, at least
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the physical position or location of one or more elevator cars. Moreover, in some
embodiments, the car state sensor(s) may be used to derive motor magnetic angle or other
characteristics for motor control feedback.

[0048] As discussed above, the car state sensors 360a, 360b, 360c are configured to
be in communication with the drive units 320a, 320b, 320c. In some embodiments the car
state sensors 360a, 360b, 360c may also be, or alternatively be, in communication with a
larger control system or controller and/or a computerized system that controls the ropeless
elevator system such as system controller 325 or the larger central control system described
above. The array of car state sensors 360a, 360b, 360c is configured to enable the elevator
system 300 to continually determine the position of the car 314 relative to the lane 313,
which may be in the form of car position data. The car position data may be incremental,
such that when car 314 enters a sensing area of a new car state sensor the incremental change
may be detected, i.e., moving vertically from a first car state sensor 360a to the next car state
sensor 360b within the lane 313. The sensing area of each car state sensor 360a, 360b, 360c
may be defined as the physical space substantially proximate and/or adjacent to the physical
location of the respective sensor. In some embodiments the car state sensors may be
configured to always be active and in other embodiments the car state sensors may be
configured to be active only when an elevator car is present in the sensing range or area of the
sensor, as known in the art of sensors.

[0049] When sensing, an individual car state sensor 360a, 360b, 360c can start an
incremental position count based on the movement of the car 314. Because the position of the
car state sensor 360a, 360b, 360c within the lane 313 is an absolute known location, the
measurement by the sensor can determine the exact location of a car 314. Further, because
the position of the car 314 relative to the car state sensors 360a, 360b, 360c may be
incremental, i.e., changing in time, the elevator system 300 can determine a speed and/or an
acceleration/deceleration based on the incremental change of position of the car 314 relative
to a specific car state sensor 360a, 360b, 360c.

[0050] Alternatively, in some embodiments the position of the elevator car 314 may
be determined as an absolute location. For example, rather than relying on an incremental
change of position relative to a sensor, the sensor can determine the exact location of the car
314. In this example, a data point of the elevator car position can provide a unique value
associated with a position within the lane 313. In this way, both the location of the car state
sensor 360a, 360b, 360c is absolutely known and the position of the car 314 is absolute

relative to each car state sensor 360a, 360b, 360c.
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[0051] Further, in some embodiments, the car 314 may be configured with an
identification mechanism 362 such that the car state sensors 360a, 360b, 360c can identify the
specific car 314 that is present in the sensing area. Thus, not only can the elevator system 300
determine the position, speed, direction, and acceleration of a car 314 that is in the lane 313,
the elevator system 300 can also determine which specific car 314 is located at the specific
location, traveling at what speed, in which direction, and the acceleration of the specific car
314. In some alternative embodiments, as will be appreciated those of skill in the art, the
identification mechanism 362 may coact with an additional sensor configured for this
purpose, in addition to or instead of the car state sensors 360a, 360b, 360c. For example, and
RFID chip and sensor configuration may be employed to determine which specific elevator
car is being sensed by the system.

[0052] In order to measure and/or sense an elevator car 312 portion, in some
embodiments, for example as shown in FIG. 3, the position sensing system may employ a
sensed element 364. Sensed element 364 may be used as a baseline, guideline, reference, and
may be configured as a scale, discrete target, and/or some other type of marking/device that
may be sensed or registered by the car state sensors 360a, 360b, 360c. In such embodiments,
various technologies may be employed for sensing the presence and position of the car 314
by sensing or registering the scale 364 or a portion thereof. For example, such technologies
may include, but are not limited to, IR/optical transmissive, IR/optical reflective, magnetic
encoder, eddy current sensor, Hall Effect sensor, etc. The scale 364 may provide an
incremental measuring wherein each box or marking of the scale 364 may indicate a
particular position on the car 314, and thus a car state sensor 360a, 360b, 360c can determine
the movement of the car 314, upward or downward, and also speed, direction, acceleration,
and/or deceleration may be calculated. The scale 364 may enable the determination of
absolute location when the elevator car 314 first passes or enters the sensing area of a sensor.
Then, continued monitoring and/or measuring may provide incremental measurements, such
that incremental quadrature wave analysis may be conducted while the car 314 is in front of
or in proximity to a particular sensor.

[0053] The scale 364 may be configured as a tape or other form of marking(s) that are
configured to be read, sensed, registered, and/or detected by the car state sensors 360a, 360b,
360c. For example, the scale 364 may be formed from a tape or other marking, such as paint,
ink, dye, physical structure, etc. on the car 314, that provides contrasting colors, shapes,

indicators, etc. that are sensed, detected, or employed by the car state sensors 360a, 360b,
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360c. These examples are merely provided for exemplary and explanatory purposes and other
types of markings or scales may be used without departing from the scope of the invention.

[0054] Turning now to FIG. 4, a schematic view of a second exemplary embodiment
of the sensing system of the invention is shown. Elevator system 400 includes features as
discussed above with respect to FIGS. 1-3, and thus similar features are preceded with a “4”
rather than a “1,” “2,” or”3,” respectively. Elevator system 400 is substantially similar to
elevator system 300 of FIG. 3, with the primary difference being the omission of scale 364.
In this embodiment, the car 414 acts as the sensed feature and the car state sensors 460a,
460b, 460c may be configured to include one or more of the following technologies, for
example, laser Doppler, CMOS/CCD camera, and laser imaging system. Those of skill in the
art will appreciate that other types of sensors may be employed without departing from the
scope of the invention. In these exemplary embodiments, a sensor may determine when a car
enters the sensing area without need of a scale or other mechanism/device (i.e., without scale
364 of FIG. 3).

[0055] Advantageously, in accordance with various embodiments of the invention,
accurate sensing of the physical location of elevator cars within a multicar, ropeless elevator
system is provided. Further, information collected by the sensors of the invention can be used
for controlling the entire ropeless elevator system, such as a user, technician, automated
control system, etc. can know the precise physical location of a specific elevator car. Thus,
efficient car delivery and control can be provided, such that the overall system efficiency is
improved. Further, advantageously, the sensing system provided herein enables accurate
measurement and monitoring of car speed, direction, and acceleration, in addition to car
location.

[0056] Further, advantageously, embodiments of the invention provide information
that enables the elevator system, or a user thereof, to actively and precisely control the cars in
a multicar, ropeless elevator system.

[0057] Moreover, advantageously, a hard-wired communication link between the
sensors disclosed herein and the control and drive portions of the multicar, ropeless elevator
system enables very quick and efficient control and timing with almost no latency and very
high reliability within the system.

[0058] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate

any number of variations, alterations, substitutions or equivalent arrangements not heretofore
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described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments and/or features.

[0059] For example, although described herein where a single elevator car was
described with accompanying sensors and controls, those of skill in the art will appreciate
that the sensors and system provided herein can be used to track any number of cars, and
uniquely track each car. Further, in some alternative embodiments, each car in the multicar
system may have a dedicated control and drive system associated therewith. In such
embodiments, a sensing array as described herein may be associated with each control/drive
system, or a controller may be employed such that a single sensing array is used to assist in
the control and monitoring of a plurality of elevator cars that are each controlled and driven
by a difference system.

[0060] Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:
What is claimed is:

1. An elevator system comprising:

an elevator car configured to travel in a lane of an elevator shaft;

a linear propulsion system configured to impart force to the elevator car, the linear
propulsion system comprising:

a first part mounted in the lane of the elevator shaft; and
a second part mounted to the elevator car configured to co-act with the first part to
impart movement to the elevator car;

a plurality of car state sensors disposed within the lane and operable to determine a
state space vector of the elevator car within the lane;

a sensed element disposed on the elevator car, wherein each of the plurality of car
state sensors is configured to detect the sensed element when the elevator car is in proximity
to the respective car state sensor; and

a control system operable to apply an electrical current to at least one of the first part
and the second part,

wherein the plurality of car state sensors are in communication with the control
system and the linear propulsion system to provide state space vector data thereto.

2. The elevator system of claim 1, wherein each sensor of the plurality of car
state sensors is at least one of an IR/optical transmissive sensor, an IR/optical reflective
sensor, a magnetic encoder, an eddy current sensors, and a hall effect sensor.

3. The elevator system of any of the preceding claims, wherein each sensor of the
plurality of car state sensors is at least one of a laser Doppler device, a CMOS/CCD camera,
and a laser imaging device.

4. The elevator system of any of the preceding claims, wherein the plurality of
car state sensors define a plurality of first car state sensors and the elevator car is a first
elevator car in a first lane, the system further comprising:

a second elevator car disposed in a second lane of the elevator shaft; and

a plurality of second car state sensors configured to determine the state space vector
of the second elevator car.

5. The elevator system of any of the preceding claims, wherein the elevator car is
a first elevator car, the system further comprising a second elevator car disposed in the same

lane of the elevator shaft as the first elevator car, wherein the plurality of car state sensors are
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configured to determine state space vector of each the first elevator car and the second
elevator car.

6. The elevator system of any of the preceding claims, wherein the plurality of
car state sensors are further configured to determine at least one of velocity, acceleration,
magnetic angle, and direction of movement of the elevator car.

7. The elevator system of any of the preceding claims, wherein control system is
configured to determine the state space vector of the elevator car based on the proximity of
the elevator car to one or more of the plurality of car state sensors.

8. The elevator system of any of the preceding claims, wherein the plurality of
car state sensors are hardwired to at least one of the control system and the propulsion
system.

9. The elevator system of any of the preceding claims, wherein the system
includes a plurality of first parts and each of the plurality of first parts has at least one
associated car state sensor.

10. The elevator system of any of the preceding claims, wherein the first part
comprises one or more motor segments and the second comprises one or more permanent
magnets.

11. The elevator system of any of the preceding claims, further comprising an
elevator car indicator, wherein each of the plurality of car state sensors is configured to detect
an identity of the elevator car based on the elevator car indicator.

12. The elevator system of any of the preceding claims, wherein the plurality of
car state sensors are configured to determine the state space vector of the elevator car within
the lane based on at least one of a velocity measurement, acceleration measurement, and
magnetic angle measurement.

13. The elevator system of any of the preceding claims, wherein the state space
vector is a physical position of the elevator car.

14. The elevator system of any of the preceding claims, further comprising:

an elevator car indicator configured on the elevator car; and

at least one additional sensor configured to detect an identity of the elevator car based
on the elevator car indicator.

15. A method comprising:

measuring a state space vector of a first elevator car in a first lane of an elevator shaft
with at least one of a plurality of car state sensors disposed within the first lane and a sensed

element disposed on the elevator car;

16



WO 2016/126805 PCT/US2016/016344

communicating the state space vector of the first elevator car to a control system; and

controlling at least one of the speed, direction of movement, and acceleration of the
first elevator car based on the measured state space vector of the first elevator car.

16. The method of claim 15, further comprising:

measuring a state space vector of a second elevator car in the first lane of the elevator
shaft with at least one of the plurality of car state sensors;

communicating the state space vector of the second elevator car to the control system;
and

controlling at least one of the speed, direction of movement, and acceleration of the
second elevator car based on the measured state space vector of the second elevator car.

17. The method of any of claims 15-16, further comprising:

measuring a state space vector of a second elevator car in a second lane of the elevator
shaft with at least one of a plurality of second car state sensors;

communicating the state space vector of the second elevator car to the control system;
and

controlling at least one of the speed, direction of movement, and acceleration of the
second elevator car based on the measured state space vector of the second elevator car.

18. The method of any of claims 15-17, further comprising:

determining the identity of the first elevator car with the at least one of a plurality of
car state sensors; and

communicating the identity of the first elevator car to the control system.

19. The method of any of claims 15-18, further comprising computing at least one
of the speed, direction of movement, magnetic angle, and acceleration of the first elevator car
based on the measured state space vector information.

20. The method of any of claims 15-19, wherein the method is performed by a

control system of a multicar, ropeless elevator system.
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