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(54) GUIDEWAY MOUNTED VEHICLE LOCALIZATION SYSTEM

(57) A system comprises a speed detector, a marker
sensor, a controller, a sensor unit, and a processor. The
speed detector is configured to generate speed data as-
sociated with a movement of a vehicle. The marker sen-
sor is configured to generate marker data based on a
detection of an object along a wayside of a guideway.
The controller is configured to calculate a distance the
vehicle moved, generate location information, and gen-
erate an indication the vehicle is stationary. The sensor
unit comprises an accelerometer, a gyroscope, and a
magnetometer. The sensor unit is configured to generate
sensor data based on information gathered by one or
more of the accelerometer, the gyroscope, or the mag-
netometer. The processor is configured to process the
sensor data to determine a vehicle position based on the
sensor data and the location information. The controller
is further configured to compare the location information
with the vehicle position.
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Description

PRIORITY CLAIM AND CROSS-REFERENCE

[0001] The present application claims the priority ben-
efit of U.S. Non-Provisional Patent Application No.
14/639,290, filed March 5, 2015, and which is a contin-
uation-in-part of U.S. Patent Application No. 14/134,179,
filed December 19, 2013, the entireties of which are here-
by incorporated by reference.

BACKGROUND

[0002] Guideway mounted vehicles include communi-
cation train based control (CTBC) systems to receive
movement instructions from wayside mounted devices
adjacent to a guideway. The CTBC systems are used to
determine a location and a speed of the guideway mount-
ed vehicle. The CTBC systems determine the location
and speed by interrogating transponders positioned
along the guideway. The CTBC systems report the de-
termined location and speed to a centralized control sys-
tem or to a de-centralized control system through the
wayside mounted devices.
[0003] The centralized or de-centralized control sys-
tem stores the location and speed information for guide-
way mounted vehicles within a control zone. Based on
this stored location and speed information, the central-
ized or de-centralized control system generates move-
ment instructions for the guideway mounted vehicles.
[0004] When communication between the guideway
mounted vehicle and the centralized or de-centralized
control system is interrupted, the guideway mounted ve-
hicle is braked to a stop to await a manual driver to control
the guideway mounted vehicle. Communication interrup-
tion occurs not only when a communication system ceas-
es to function, but also when the communication system
transmits incorrect information or when the CTBC rejects
an instruction due to incorrect sequencing or corruption
of the instruction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] One or more embodiments are illustrated by
way of example, and not by limitation, in the figures of
the accompanying drawings, wherein elements having
the same reference numeral designations represent like
elements throughout. It is emphasized that, in accord-
ance with standard practice in the industry various fea-
tures may not be drawn to scale and are used for illus-
tration purposes only. In fact, the dimensions of the var-
ious features in the drawings may be arbitrarily increased
or reduced for clarity of discussion.

Figure 1 is a high level diagram of a fusion sensor
arrangement in accordance with one or more em-
bodiments;
Figure 2A is a high level diagram of a guideway

mounted vehicle including fusion sensor arrange-
ments in accordance with one or more embodiments;
Figure 2B is a high level diagram of a guideway
mounted vehicle including fusion sensor arrange-
ments in accordance with one or more embodiments;
Figure 3 is a flow chart of a method of controlling a
guideway mounted vehicle using a fusion sensor ar-
rangement in accordance with one or more embod-
iments;
Figure 4 is a functional flow chart for a method of
determining a status of a fusion sensor arrangement
in accordance with one or more embodiments;
Figure 5 is a block diagram of a vehicle on-board
controller (VOBC) for using a fusion sensor arrange-
ment in accordance with one or more embodiments;
Figure 6 is a block diagram of a system for determin-
ing a position of a guideway mounted vehicle, in ac-
cordance with one or more embodiments;
Figure 7 is a flowchart of a method of determining a
position of a guideway mounted vehicle, in accord-
ance with one or more embodiments;
Figure 8 is a functional flowchart of a method for
integrating an Attitude and Heading Reference Sys-
tem (AHRS) into a VOBC positioning system, in ac-
cordance with one or more embodiments.
Figure 9 is a graph showing experimental results
demonstrating the effectiveness of the system de-
scribed with respect to Figure 6 at reducing wheel
calibration errors, in accordance with one or more
embodiments.
Figure 10 is a graph showing experimental results
demonstrating the effectiveness of the system de-
scribed with respect to Figure 6 at reducing drift error
in a slide condition, in accordance with one or more
embodiments.

DETAILED DESCRIPTION

[0006] The following disclosure provides many differ-
ent embodiments, or examples, for implementing differ-
ent features of the invention. Specific examples of com-
ponents and arrangements are described below to sim-
plify the present disclosure. These are examples and are
not intended to be limiting.
[0007] Figure 1 is a high level diagram of a fusion sen-
sor arrangement 100 in accordance with one or more
embodiments. Fusion sensor arrangement 100 includes
a first sensor 110 configured to receive a first type of
information. Fusion sensor arrangement 100 further in-
cludes a second sensor 120 configured to receive a sec-
ond type of information different from the first type of in-
formation. Fusion sensor arrangement 100 is configured
to fuse information received by first sensor 110 with in-
formation received by second sensor 120 using a data
fusion center 130. Data fusion center 130 is configured
to determine whether an object is detected within a de-
tection field of either first sensor 110 or second sensor
120. Data fusion center 130 is also configured to resolve
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conflicts between first sensor 110 and second sensor
120 arising when one sensor provides a first indication
and the other sensor provides a contradictory indication.
[0008] In some embodiments, fusion sensor arrange-
ment 100 is integrated with a vehicle on-board controller
(VOBC) configured to generate movement instructions
for a guideway mounted vehicle and to communicate with
devices external to the guideway mounted vehicle. In
some embodiments, fusion sensor arrangement 100 is
separate from a VOBC and is configured to provide fused
data to the VOBC.
[0009] First sensor 110 is configured to be attached to
the guideway mounted vehicle. First sensor 110 includes
a first detection field which includes an angular range in
both a horizontal direction and in a vertical direction. The
horizontal direction is perpendicular to a direction of trav-
el of the guideway mounted vehicle and parallel to a top
surface of a guideway. The vertical direction is perpen-
dicular to the direction of travel of the guideway mounted
vehicle and to the horizontal direction. The angular range
in the horizontal direction facilitates detection of objects
both along the guideway and along a wayside of the
guideway. The angular range in the horizontal direction
also increases a line of sight of first sensor 110 in situa-
tions where the guideway changes heading. The angular
range in the vertical direction increases a line of sight of
first sensor 110 in situations where the guideway chang-
es elevation. The angular range in the vertical direction
also facilitates detection of overpasses or other height
restricting objects.
[0010] In some embodiments, first sensor 110 is an
optical sensor configured to capture information in a vis-
ible spectrum. In some embodiments, first sensor 110
includes a visible light source configured to emit light
which is reflected off objects along the guideway or the
wayside of the guideway. In some embodiments, the op-
tical sensor includes a photodiode, a charged coupled
device (CCD), or another suitable visible light detecting
device. The optical sensor is capable of identifying the
presence of objects as well as unique identification codes
associated with detected objects. In some embodiments,
the unique identification codes include barcodes, alpha-
numeric sequences, pulsed light sequences, color com-
binations, geometric representations or other suitable
identifying indicia.
[0011] In some embodiments, first sensor 110 includes
a thermal sensor configured to capture information in an
infrared spectrum. In some embodiments, first sensor
110 includes an infrared light source configured to emit
light which is reflected off objects along the guideway or
the wayside of the guideway. In some embodiments, the
thermal sensor includes a Dewar sensor, a photodiode,
a CCD or another suitable infrared light detecting device.
The thermal sensor is capable of identifying the presence
of an object as well as unique identifying characteristics
of a detected object similar to the optical sensor.
[0012] In some embodiments, first sensor 110 includes
a RADAR sensor configured to capture information in a

microwave spectrum. In some embodiments, first sensor
110 includes a microwave emitter configured to emit elec-
tromagnetic radiation which is reflected off objects along
the guideway or the wayside of the guideway. The RA-
DAR sensor is capable of identifying the presence of an
object as well as unique identifying characteristics of a
detected object similar to the optical sensor.
[0013] In some embodiments, first sensor 110 includes
a laser sensor configured to capture information within a
narrow bandwidth. In some embodiments, first sensor
110 includes a laser light source configured to emit light
in the narrow bandwidth which is reflected off objects
along the guideway or the wayside of the guideway. The
laser sensor is capable of identifying the presence of an
object as well as unique identifying characteristics of a
detected object similar to the optical sensor.
[0014] In some embodiments, first sensor 110 includes
a radio frequency identification (RFID) reader configured
to capture information in a radio wave spectrum. In some
embodiments, first sensor 110 includes a radio wave
emitter configured to emit an interrogation signal which
is reflected by objects on the guideway or on the wayside
of the guideway. The RFID reader is capable of identify-
ing the presence of an object as well as unique identifying
characteristics of a detected object similar to the optical
sensor.
[0015] First sensor 110 is configured to identify an ob-
ject and to track a detected object. Tracking of the de-
tected object helps to avoid reporting false positives be-
cause rapid positional changes of the detected object
enable a determination that first sensor 110 is not oper-
ating properly or that a transitory error occurred within
the first sensor.
[0016] Second sensor 120 is configured to be attached
to the guideway mounted vehicle. Second sensor 120
includes a second detection field which includes an an-
gular range in both a horizontal direction and in a vertical
direction. In some embodiments, the second detection
field substantially matches the first detection field in order
to reduce a risk of conflicts between first sensor 110 and
second sensor 120. In some embodiments, the second
detection field overlaps with a portion of the first detection
field.
[0017] In some embodiments, second sensor 120 in-
cludes an optical sensor, a thermal sensor, a RADAR
sensor, a laser sensor, or an RFID reader. In some em-
bodiments, second sensor 120 is a different type of sen-
sor from first sensor 110. For example, in some embod-
iments, first sensor 110 is an optical sensor and second
sensor 120 is an RFID reader.
[0018] Utilizing first sensor 110 and second sensor 120
capable of detecting different types of information, e.g.,
different electromagnetic spectrums, enables fusion sen-
sor arrangement 100 to reduce a risk of failing to detect
an object along the guideway or the wayside of the guide-
way. Using sensors capable of detecting different types
of information also enables confirmation of a detected
object. For example, an optical sensor detects a bar code
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sign located on a wayside of the guideway. In instances
where the bar code is defaced by dirt or graffiti such that
the optical sensor cannot uniquely identify the bar code
sign, an RFID reader may still be able to confirm the
identifying information of the bar code sign based on an
RF transponder attached to the bar code sign.
[0019] First sensor 110 and second sensor 120 are
capable of identifying an object without additional equip-
ment such as a guideway map or location and speed
information. The ability to operate without additional
equipment decreases operating costs for first sensor 110
and second sensor 120 and reduces points of failure for
fusion sensor arrangement 100.
[0020] Data fusion center 130 includes a non-transitory
computer readable medium configured to store informa-
tion received from first sensor 110 and second sensor
120. Data fusion center 130 also includes a processor
configured to execute instructions for identifying objects
detected by first sensor 110 or second sensor 120. The
processor of data fusion center 130 is further configured
to execute instructions for resolving conflicts between
first sensor 110 and second sensor 120.
[0021] Data fusion center 130 is configured to receive
information from first sensor 110 and second sensor 120
and confirm detection of an object and whether the de-
tected object contains identifying information. Data fu-
sion center 130 is further configured to determine a dis-
tance from the fusion sensor arrangement 100 to the de-
tected object, a relative speed of the object, a heading
angle of the object and an elevation angle of the object.
[0022] Based on these determinations, data fusion
center 130 is capable of tracking the detected object as
the guideway mounted vehicle travels along the guide-
way to determine whether the object is on the guideway
or on the wayside of the guideway. Tracking the object
means that a location and relative speed of the object
are regularly determined in a time domain. In some em-
bodiments, the location and relative speed of the object
are determined periodically, e.g., having an interval rang-
ing from 1 second to 15 minutes. In some embodiments,
the location and relative speed of the object are deter-
mined continuously.
[0023] Data fusion center 130 is also capable of com-
paring information from first sensor 110 with information
from second sensor 120 and resolving any conflicts be-
tween the first sensor and the second senor. Data fusion
center 130 is configured to perform plausibility checks to
help determine whether a sensor is detecting an actual
object. In some embodiments, the plausibility check is
performed by tracking a location of the object. In some
embodiments, a relative change in the location of the
object with respect to time which exceeds a threshold
value results in a determination that the detected object
is implausible. When an implausible determination is
made, data fusion center 130 considers information re-
ceived from the other sensor to be more reliable. In some
embodiments, data fusion center 130 initiates a status
check of a sensor which provides implausible informa-

tion. In some embodiments, data fusion center 130 initi-
ates a status check of a sensor which provides implau-
sible information multiple times within a predetermined
time period.
[0024] In some embodiments, when one sensor de-
tects an object but the other sensor does not, data fusion
center 130 is configured to determine that the object is
present. In some embodiments, data fusion center 130
initiates a status check of the sensor which did not identify
the object. In some embodiments, data fusion center 130
initiates a status check of the sensor which did not identify
the object based on a type of object detected. For exam-
ple, a thermal sensor is not expected to identify RFID
transponder; therefore, the data fusion center 130 would
not initiate a status check of the thermal sensor, in some
embodiments.
[0025] In some embodiments, when one sensor de-
tects a first type of object and the other sensor detects a
second type of object different from the first type of object
data fusion center 130 selects the object type based on
a set of priority rules. In some embodiments, the priority
rules give a higher priority to a certain type of sensor,
e.g., a RADAR sensor over a laser sensor. In some em-
bodiments, priority between sensor types is determined
based on a distance between fusion sensor arrangement
100 and the detected object. For example, priority is given
to the RADAR sensor if the distance between fusion sen-
sor arrangement 100 and the detected object is greater
than 100 meters (m) and priority is given to the laser
sensor if the distance is less than 100 m or less.
[0026] Data fusion center 130 is a vehicle system. In
some embodiments, data fusion center 130 has a safety
integrity level 4 (SIL 4). In some embodiments, SIL 4 is
based on International Electrotechnical Commission’s
(IEC) standard IEC 61508, in at least one embodiment.
SIL level 4 means the probability of failure per hour rang-
es from 10-8 to 10-9.
[0027] Fusion sensor arrangement 100 is able to
achieve a low rate of failure through the use of two sep-
arate sensors configured to detect objects using diverse
detection techniques. In some embodiments, each sen-
sor is designed to have a failure rate of about 3.8 x 10-5

failures per hour, meaning a single failure every three
years. A probability of two sensors having a failure at a
same time is about T x 3.6 x10-10 failures per hour, where
T is an expected time interval between detected objects.
In some embodiments, T ranges from about 2 minutes
to about 40 minutes. In some embodiments, if fusion sen-
sor arrangement 100 fails to detect an object within 2T,
the fusion sensor arrangement is determined to be faulty
and is timed out.
[0028] The above description is based on the use of
two sensors, first sensor 110 and second sensor 120, for
the sake of clarity. One of ordinary skill in the art would
recognize that additional sensors are able to be incorpo-
rated into fusion sensor arrangement 100 without depart-
ing from the scope of this description. In some embodi-
ments, redundant sensors which are a same sensor type
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as first sensor 110 or second sensor 120 are included in
fusion sensor arrangement 100. In some embodiments,
additional sensors of different sensor type from first sen-
sor 110 and second sensor 120 are included in fusion
sensor arrangement 100.
[0029] Data fusion center 130 is also capable of iden-
tifying location determining information such as the
unique identification information for the object. Data fu-
sion center 130 is able to provide information regarding
whether the guideway mounted vehicle is aligned with
an object, e.g., for positioning doors for passenger vehi-
cles with platform openings.
[0030] Figure 2A is a high level diagram of a guideway
mounted vehicle 202 including fusion sensor arrange-
ments 210a and 210b in accordance with one or more
embodiments. Guideway mounted vehicle 202 is posi-
tioned on a guideway 204. Guideway mounted vehicle
202 has a first end 206 and a second end 208. A first
fusion sensor arrangement 210a is located at first end
206 and a second fusion sensor arrangement 210b is
located at second end 208. First fusion sensor arrange-
ment 210a has a first field of detection 220a extending
from first end 206. First field of detection 220a extends
in an angular range in the horizontal direction and in the
vertical direction. Second fusion sensor arrangement
210b has a second field of detection 220b extending from
second end 208. Second field of detection 220b extends
in an angular range in the horizontal direction and in the
vertical direction.
[0031] Guideway mounted vehicle 202 is configured
to traverse along guideway 204. In some embodiments,
guideway mounted vehicle 202 is a passenger train, a
cargo train, a tram, a monorail, or another suitable vehi-
cle. In some embodiments, guideway mounted vehicle
202 is configured for bi-directional travel along guideway
204.
[0032] Guideway 204 is configured to provide a direc-
tion and heading of travel for guideway mounted vehicle
202. In some embodiments, guideway 204 includes two
spaced rails. In some embodiments, guideway 204 in-
cludes a monorail. In some embodiments, guideway 204
is along a ground. In some embodiments, guideway 204
is elevated above the ground.
[0033] First end 206 and second end 208 are a corre-
sponding leading end and trailing end of guideway
mounted vehicle 202 depending on a direction of travel
of the guideway mounted vehicle 202. By attaching fusion
sensor arrangements 210a and 210b at both first end
206 and second end 208, either first detection field 220a
or second detection field 220b extend in front of guideway
mounted vehicle 202 in the direction of travel.
[0034] First fusion sensor arrangement 210a and sec-
ond fusion sensor arrangement 210b are similar to fusion
sensor arrangement 100 (Figure 1). In some embodi-
ments, at least one of first fusion sensor arrangement
210a or second fusion sensor arrangement 210b is inte-
grated with a VOBC on guideway mounted vehicle 202.
In some embodiments, both first fusion sensor arrange-

ment 210a and second fusion sensor arrangement 210b
are separate from the VOBC. In some embodiments, at
least one of first fusion sensor arrangement 210a or sec-
ond fusion sensor arrangement 210b is detachable from
guideway mounted vehicle to facilitate repair and re-
placement of the fusion sensor arrangement.
[0035] Figure 2B is a high level diagram of a guideway
mounted vehicle 200’ including fusion sensor arrange-
ments 250a and 250b in accordance with one or more
embodiments. Figure 2B includes only a single end of
guideway mounted vehicle 200’ for simplicity. Guideway
mounted vehicle 200’ includes a first fusion sensor ar-
rangement 250a and a second fusion sensor arrange-
ment 250b. First fusion sensor arrangement 250a has a
first field of detection 260a. Second fusion sensor ar-
rangement 250b has a second field of detection 260b.
First field of detection 260a overlaps with second field of
detection 260b.
[0036] First fusion sensor arrangement 250a and sec-
ond fusion sensor arrangement 250b are similar to fusion
sensor arrangement 100 (Figure 1). In some embodi-
ments, first fusion sensor arrangement 250a has a same
type of sensors as second fusion sensor arrangement
250b. In some embodiments, first fusion sensor arrange-
ment 250a has at least one different type of sensor from
second fusion sensor arrangement 250b. By using mul-
tiple fusion sensor arrangements 250a and 250b, a po-
sition of an objection is able to be triangulated by meas-
uring a distance between each fusion sensor arrange-
ment and the object.
[0037] Figure 3 is a flow chart of a method 300 of con-
trolling a guideway mounted vehicle using a fusion sen-
sor arrangement in accordance with one or more embod-
iments. The fusion sensor arrangement in method 300
is used in combination with a VOBC. In some embodi-
ments, the fusion sensor arrangement is integrated with
the VOBC. In some embodiments, the fusion sensor ar-
rangement is separable from the VOBC. In optional op-
eration 302, the VOBC communication with a centralized
or de-centralized control system is lost. In some embod-
iments, communication is lost due to a device failure. In
some embodiments, communication is lost due to signal
degradation or corruption. In some embodiments, com-
munication is lost due to blockage of the signal by a ter-
rain. In some embodiments, operation 302 is omitted.
Operation 302 is omitted in some embodiments where
the fusion sensor arrangement is operated simultane-
ously with instructions received from centralized or de-
centralized communication system.
[0038] In some embodiments, information received
through the fusion sensor arrangement is transmitted via
the VOBC to the centralized or de-centralized communi-
cation system. In some embodiments, information re-
ceived through the fusion sensor arrangement is provid-
ed to a remote driver to facilitate control of the guideway
mounted vehicle by the remote driver. In some embodi-
ments, the remote driver is able to receive images cap-
tured by the fusion sensor arrangement. In some embod-
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iments, the remote driver is able to receive numerical
information captured by the fusion sensor arrangement.
In some embodiments, the VOBC is configured to receive
instructions from the remote driver and automatically
control a braking and acceleration system of the guide-
way mounted vehicle.
[0039] In optional operation 304, a maximum speed is
set by the VOBC. The maximum speed is set so that the
guideway mounted vehicle is capable of braking to a stop
within a line of sight distance of the fusion sensor ar-
rangement. In situations where the VOBC relies solely
on the fusion sensor arrangement for the detection of
objects along the guideway or the wayside of the guide-
way, such as during loss of communication with the cen-
tralized or de-centralized control system, the VOBC is
able to determine a limit of movement authority (LMA) to
the extent that the fusion sensor arrangement is capable
of detecting objects. The VOBC is capable of automati-
cally controlling the braking and acceleration system of
the guideway mounted vehicle in order to control the
speed of the guideway mounted vehicle to be at or below
the maximum speed. In some embodiments, operation
304 is omitted if the VOBC is able to communicate with
the centralized or de-centralized control system and is
able to receive LMA instructions through the control sys-
tem. The centralized and de-centralized control systems
have information regarding the presence of objects along
the guideway within an area of control of the control sys-
tem. If the area of control extends beyond a line of sight
of the fusion sensor arrangement, the VOBC is able to
set a speed greater than the maximum speed in order
for the guideway mounted vehicle to more efficiently trav-
el along the guideway.
[0040] Data is received from at least two sensors in
operation 306. The at least two sensors are similar to
first sensor 110 or second sensor 120 (Figure 1). In some
embodiments, data is received by more than two sen-
sors. At least one sensor of the at least two sensors is
capable of a different type of detection from the at least
another sensor of the at least two sensors. For example,
one sensor is an optical sensor and the other sensor is
an RFID reader. In some embodiments, at least one sen-
sor of the at least two sensors is capable of a same type
of detection as at least another sensor of the at least two
sensors. For example, a redundant optical sensor is in-
cluded in case a primary optical sensor fails, in some
embodiments.
[0041] A field of detection of each sensor of the at least
two sensors overlaps with each other. The field of detec-
tion includes an angular range in the horizontal direction
and an angular range in the vertical direction. The angular
range in the horizontal directions enables detection of
objects along the guideway and the wayside of the guide-
way. The angular range in the vertical direction enables
detection of objects which present a vertical blockage.
The angular range in the vertical direction also enables
detection of objects on a guideway above or below the
guideway on which the guideway mounted vehicle is lo-

cated.
[0042] In operation 308, the received data is fused to-
gether. The received data is fused together using a data
fusion center, e.g., data fusion center 130 (Figure 1). The
data is fused together to provide a more comprehensive
detection of objects along the guideway and the wayside
of the guideway in comparison with data representing a
single type of detection. In some embodiments, fusing
the data includes confirming detection of an object and
whether the detected object contains identifying informa-
tion. In some embodiments, fusing the data includes de-
termining a relative position, speed or heading of the de-
tected object. In some embodiments, fusing the data to-
gether includes resolving conflicts between the received
data. In some embodiments, fusing the data includes per-
forming a plausibility check.
[0043] Resolving conflicts between the received data
results is performed when data received from one sensor
does not substantially match with data received by the
other sensor. In some embodiments, a predetermine tol-
erance threshold is established for determining whether
a conflict exists within the received data. The predeter-
mined tolerance threshold helps to account for variations
in the data which result from the difference in the detec-
tion type of the sensors. In some embodiments, a conflict
is identified if an object is detected by one sensor but the
object is not detected by the other sensor. In some em-
bodiments, a status check of the sensor which did not
identify the object is initiated. In some embodiments, a
status check of the sensor which did not identify the object
is initiated based on a type of object detected. For exam-
ple, a thermal sensor is not expected to identify RFID
transponder; therefore, a status check of the thermal sen-
sor is not initiated, in some embodiments.
[0044] In some embodiments, conflicts between the re-
ceived data related to the detected object are resolved
by averaging the data received from the sensors. In some
embodiments, resolving the conflict is based on a set of
priority rules. In some embodiments, the priority rules
give a higher priority to a certain type of sensor, e.g., a
RFID reader over an optical sensor. In some embodi-
ments, priority between sensor types is determined
based on a distance between the fusion sensor arrange-
ment and the detected object. For example, priority is
given to the RADAR sensor if the distance between the
fusion sensor arrangement and the detected object is
greater than 100 meters (m) and priority is given to the
optical sensor if the distance is 100 m or less.
[0045] Performing the plausibility check includes eval-
uating a relative change in the location of the object with
respect to time. If the relative change in location exceeds
a threshold value the object is determined to be implau-
sible. When an implausible determination is made with
respect to one sensor, data received from the other sen-
sor is determined to be more reliable. In some embodi-
ments, a status check of a sensor which provides implau-
sible information is initiated. In some embodiments, a
status check of a sensor which provides implausible in-
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formation multiple times within a predetermined time pe-
riod is initiated.
[0046] In optional operation 309, a status check of at
least one sensor is initiated. In some embodiments, the
status check is initiated as a result of a conflict between
the received data. In some embodiments, the status
check is initiated as a result of receiving implausible data.
In some embodiments, the status check is initiated peri-
odically to determine a health of a sensor prior to a conflict
or receipt of implausible data. In some embodiments, pe-
riodic status checks are suspended while communication
with the centralized or de-centralized control system is
lost unless a conflict or implausible data is received.
[0047] In some embodiments, the VOBC receives the
fused data and operates in conjunction with the central-
ized or de-centralized control to operate the guideway
mounted vehicle. The VOBC receives LMA instructions
from the centralized or de-centralized control. The LMA
instructions are based on data collected with respect to
objects, including other guideway mounted vehicles,
within an area of control for the centralized or de-central-
ized control system. Based on the received LMA instruc-
tions, the VOBC will control the acceleration and braking
system of the guideway mounted vehicle in order to move
the guideway mounted vehicle along the guideway.
[0048] The VOBC receives the fused data from the fu-
sion sensor arrangement and determines a speed and a
location of the guideway mounted vehicle based on the
detected objects. For example, a sign or post containing
a unique identification is usable to determine a location
of the guideway mounted vehicle. In some embodiments,
the VOBC includes a guideway database which includes
a map of the guideway and a location of stationary objects
associated with unique identification information. In
some embodiments, the VOBC is configured to update
the guideway database to include movable objects based
on information received from the centralized or de-cen-
tralized control system. By comparing the fused data with
respect to an identifiable object with the guideway data-
base, the VOBC is able to determine the location of the
guideway mounted vehicle. In some embodiments, the
VOBC determines a speed of the guideway mounted ve-
hicle based on a change in location of an object detected
in the fused data. The VOBC transmits the determined
location and speed of the guideway mounted vehicle to
the centralized or de-centralized control system.
[0049] In some embodiments, if communication with
the centralized or de-centralized control system is lost,
the VOBC performs autonomous operations 310. In op-
eration 312, the VOBC identifies a detected object based
on the fused data. In some embodiments, the VOBC iden-
tifies the detected object by comparing the fused data
with information stored in the guideway database.
[0050] In some embodiments, the VOBC uses the
identified object to determine a location of the guideway
mounted vehicle in operation 314. In some embodiments,
the VOBC determines the location of the guideway
mounted vehicle based on unique identification informa-

tion associated with the detected object. In some embod-
iments, the VOBC compares the unique identification in-
formation with the guideway database to determine the
location of the guideway mounted vehicle.
[0051] The identified object is tracked in operation 316.
Tracking the object means that a location and relative
speed of the object are regularly determined in a time
domain. In some embodiments, the object is tracked to
determine whether the object will be on the guideway at
a same location as the guideway mounted vehicle. In
some embodiments, the object is tracked in order to pro-
vide location information for a non-communicating guide-
way mounted vehicle. In some embodiments, the location
and relative speed of the object are determined periodi-
cally, e.g., having an interval ranging from 1 second to
15 minutes. In some embodiments, the location and rel-
ative speed of the object are determined continuously.
[0052] In operation 318, the VOBC provides instruc-
tions for the guideway mounted vehicle to proceed to a
stopping location. In some embodiments, the stopping
location includes a destination of the guideway mounted
vehicle, a switch, a detected object on the guideway, cou-
pling/de-coupling location, a protection area of a non-
communicating guideway mounted vehicle or another
suitable stopping location. A non-communicating guide-
way mounted vehicle is a vehicle which is traveling along
the guideway which is under only manual operation, is
experiencing a communication failure, lacks communi-
cation equipment or other similar vehicles. The VOBC
autonomously generates instructions including LMA in-
structions. The LMA instructions are executed based on
signals transmitted to the acceleration and braking sys-
tem. In some embodiments, the LMA instructions are
based on the location of the guideway mounted vehicle
determined in operation 314 and the guideway database.
[0053] In some embodiments where the stopping lo-
cation is a destination of the guideway mounted vehicle,
the LMA instructions generated by the VOBC enable the
guideway mounted vehicle to travel to a platform, station,
depot or other location where the guideway mounted ve-
hicle is intended to stop. In some embodiments, the
VOBC controls the acceleration and braking system to
maintain the guideway mounted vehicle at the destination
until communication is re-established with the centralized
or de-centralized control system or until a driver arrives
to manually operate the guideway mounted vehicle.
[0054] In some embodiments where the stopping lo-
cation is a switch, the LMA instructions generated by the
VOBC cause the guideway mounted vehicle to stop at a
heel of the switch if the switch is in a disturbed state. In
some embodiments, the LMA instructions cause the
guideway mounted vehicle to stop if the fused data fails
to identify a state of the switch. In some embodiments,
the LMA instructions cause the guideway mounted vehi-
cle to stop if the fused data indicates a conflict regarding
a state of the switch. In some embodiments, the LMA
instructions cause the guideway mounted vehicle to stop
if the most recent information received from the central-
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ized or de-centralized control system indicated the switch
is reserved for another guideway mounted vehicle.
[0055] In some embodiments where the stopping lo-
cation is an object detected on the guideway, the LMA
instructions generated by the VOBC cause the guideway
mounted vehicle to stop a predetermined distance prior
to reaching the detected object. In some embodiments,
the object is a person, a disturbed switch, debris or an-
other object along the guideway. In some embodiments,
the VOBC uses the fused data to predict whether a de-
tected object will be on the guideway when the guideway
mounted vehicle reaches the location of the object. In
some embodiments, the LMA instructions cause the
guideway mounted vehicle to stop the predetermined dis-
tance prior to the object if the object is predicted to be on
the guideway at the time the guideway mounted vehicle
reaches the location of the object.
[0056] In some embodiments where the stopping lo-
cation is a coupling/uncoupling location, the LMA instruc-
tions generated by the VOBC cause the guideway mount-
ed vehicle to stop at the coupling/de-coupling location.
The fused data is used to determine a distance between
the guideway mounted vehicle and the other vehicle to
be coupled/de-coupled. The VOBC is used to control the
speed of the guideway mounted vehicle such that the
coupling/de-coupling is achieved without undue force on
a coupling joint of the guideway mounted vehicle. In some
embodiments, the VOBC brings the guideway mounted
vehicle to a stop while a separation distance between
the two guideway mounted vehicles is less than a pre-
determined distance.
[0057] In some embodiments, where the stopping lo-
cation is the protection area of a non-communicating
guideway mounted vehicle, the LMA instructions gener-
ated by the VOBC stop the guideway mounted vehicle
prior to entering the protection area. The protection area
is a zone around the non-communicating guideway
mounted vehicle to enable movement of the non-com-
municating guideway mounted vehicle with minimal in-
terference with other guideway mounted vehicles. The
protection area is defined by the centralized or de-cen-
tralized control system. In some embodiments, the LMA
instructions cause the guideway mounted vehicle to stop
prior to entering the protection area based on the most
recent received information from the centralized or de-
centralized control system.
[0058] One of ordinary skill in the art would recognize
that additional stopping location and control processes
are within the scope of this description.
[0059] In some embodiments, the VOBC continues
movement of the guideway mounted vehicle along the
guideway, in operation 320. The continued movement is
based on a lack of a stopping location. In some embod-
iments, the VOBC controls reduction of the speed of the
guideway mounted vehicle if a switch is traversed. The
reduced speed is a switch traversal speed. The switch
traversal speed is less than the maximum speed from
operation 304. In some embodiments, operation 320 is

continued until a stopping location is reached, commu-
nication is re-established with the centralized or de-cen-
tralized control system or a manual operator arrives to
control the guideway mounted vehicle.
[0060] In some embodiments, following fusing of the
received data in operation 308, LMA instructions are gen-
erated using remote driver operations 330. In operation
340, the fused data is transmitted to the remote driver,
i.e., an operator who is not on-board the guideway mount-
ed vehicle. In some embodiments, fused data is trans-
mitted using the centralized or de-centralized control sys-
tem. In some embodiments, the fused data is transmitted
using a back-up communication system such as an in-
ductive loop communication system, a radio communi-
cation system, a microwave communication system, or
another suitable communication system. In some em-
bodiments, the fused data is transmitted as an image. In
some embodiments, the fused data is transmitted as al-
pha-numerical information. In some embodiments, the
fused data is transmitted in an encrypted format.
[0061] In operation 342, the VOBC receives instruc-
tions from the remote driver. In some embodiments, the
VOBC receives instructions along a same communica-
tion system used to transmit the fused data. In some em-
bodiments, the VOBC receives the instructions along a
different communication system from that used to trans-
mit the fused data. In some embodiments, the instruc-
tions include LMA instructions, speed instructions, in-
structions to traverse a switch, or other suitable instruc-
tions.
[0062] The VOBC implements permissible instructions
in operation 344. In some embodiments, permissible in-
structions are instructions which do not conflict with the
maximum speed set in operation 304, a switch traversal
speed, traversing a disturbed switch, traversing a portion
of the guideway where an object is detected or other suit-
able conflicts. In some embodiments, if the speed instruc-
tions from the remote driver exceed the maximum speed,
the VOBC controls the guideway mounted vehicle to trav-
el at the maximum speed. In some embodiments, if the
speed instructions from the remote driver exceed the
switch traversal speed, the VOBC controls the guideway
mounted vehicle to travel at the switch traversal speed.
In some embodiments, the VOBC controls the guideway
mounted vehicle to traverse a switch which the fused
data indicates as disturbed (or a conflict exists regarding
the state of the switch) if the VOBC receives LMA instruc-
tions from the remote driver to traverse the switch. In
some embodiments, the VOBC controls the guideway
mounted vehicle to stop if the LMA instructions from the
remote driver include traversing a portion of the guideway
which includes a detected object.
[0063] One of ordinary skill in the art would recognize
that an order of operations of method 300 is adjustable.
One of ordinary skill in the art would also recognize that
additional operations are includable in method 300, and
that operations are able to be omitted form operation 300.
[0064] Figure 4 is a functional flow chart of a method
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400 of determining a status of a fusion sensor arrange-
ment in accordance with one or more embodiments. In
some embodiments, method 400 is performed if opera-
tion 309 of method 300 (Figure 3) is performed. In some
embodiments, a VOBC causes method 400 to be exe-
cuted periodically. In some embodiments, a data fusion
center, e.g., data fusion center 130 (Figure 1), causes
method 400 to be executed upon determination of im-
plausible data or upon receipt of conflicting data.
[0065] In operation 402, the VOBC determines a speed
of the guideway mounted vehicle. In some embodiments,
the VOBC determines the speed of the guideway based
on information received from the centralized or de-cen-
tralized control system, information received from a data
fusion center, e.g., data fusion center 130 (Figure 1),
measures taken from the guideway mounted vehicle
(such as wheel revolutions per minute), or other suitable
information sources. In some embodiments, the VOBC
transmits the speed of the guideway mounted vehicle to
the centralized or de-centralized control system.
[0066] In operation 404, the VOBC determines a posi-
tion of the guideway mounted vehicle. In some embodi-
ments, the VOBC determines the position of the guide-
way based on information received from the centralized
or de-centralized control system, information received
from a data fusion center, e.g., data fusion center 130
(Figure 1), wayside transponders, or other suitable infor-
mation sources. In some embodiments, the VOBC trans-
mits the position of the guideway mounted vehicle to the
centralized or de-centralized control system.
[0067] In operation 406, the VOBC determines wheth-
er the speed information is lost. In some embodiments,
the speed information is lost due to failure of a commu-
nication system, failure of the data fusion center, an error
within the VOBC or failure of another system.
[0068] In operation 408, the VOBC determines wheth-
er the position information is lost. In some embodiments,
the speed information is lost due to failure of a commu-
nication system, failure of the data fusion center, an error
within the VOBC or failure of another system.
[0069] If both of the speed information and the position
information are still available, the VOBC determines if
communication has timed out with the centralized or de-
centralized control system, in operation 410. In some em-
bodiments, the VOBC determines if communication has
timed out by transmitting a test signal and determining
whether a return signal is received. In some embodi-
ments, the VOBC determines if communication has timed
out base on an elapsed time since a last received com-
munication. In some embodiments, the VOBC deter-
mines whether communication has timed out based
whether an update to the guideway database was re-
ceived from a control system 460.
[0070] If communication has not timed out, the VOBC
determines whether a sensor of the fusion sensor ar-
rangement did not detect a train that was expected to be
detected in operation 412. The VOBC receives sensor
information from data fusion center 450 and guideway

database information from control system 460. Based on
the guideway database information, the VOBC deter-
mines whether another guideway mounted vehicle is lo-
cated at a position where the sensor of the fusion sensor
arrangement should detect the other guideway mounted
vehicle. Using the sensor information from data fusion
center 450, the VOBC determines whether the other
guideway mounted vehicle was detected. If a guideway
mounted vehicle was available for detection and the sen-
sor did not detect the guideway mounted vehicle, method
400 continues to operation 414.
[0071] In operation 414, the sensor of the fusion sensor
arrangement is determined to be faulty. The VOBC pro-
vides instructions to data fusion center 450 to no longer
rely on the faulty sensor. In some embodiments which
include only two sensors in the fusion sensor arrange-
ment, the VOBC ceases to rely on information provided
by the fusion sensor arrangement. In some embodi-
ments, the VOBC transmits a signal indicating a reason
for determining the sensor as being faulty. In operation
414, the VOBC transmits a signal indicating the sensor
failed to detect a guideway mounted vehicle, in some
embodiments.
[0072] If no guideway mounted vehicle was available
for detection or the sensor did detect a guideway mount-
ed vehicle in operation 412, method 400 continues with
operation 416. In operation 416, the VOBC determines
whether the sensor detected a non-existing guideway
mounted vehicle. Based on the guideway database in-
formation received from control system 460 and sensor
information from data fusion center 450, the VOBC de-
termines whether the sensor detected a guideway
mounted vehicle where no guideway mounted vehicle is
located. If a guideway mounted vehicle was detected,
but the guideway dataset information indicates no guide-
way mounted vehicle was present, method 400 continues
with operation 418.
[0073] In operation 418, the sensor of the fusion sensor
arrangement is determined to be faulty. The VOBC pro-
vides instructions to data fusion center 450 to no longer
rely on the faulty sensor. In some embodiments which
include only two sensors in the fusion sensor arrange-
ment, the VOBC ceases to rely on information provided
by the fusion sensor arrangement. In some embodi-
ments, the VOBC transmits a signal indicating a reason
for determining the sensor as being faulty. In operation
418, the VOBC transmits a signal indicating the sensor
detected a non-existent guideway mounted vehicle, in
some embodiments.
[0074] If no guideway mounted vehicle was available
for detection and the sensor did not detect a guideway
mounted vehicle in operation 416, method 400 continues
with operation 420. In operation 420, the VOBC deter-
mines whether the sensor detected a known wayside
mounted object. Based on the guideway database infor-
mation received from control system 460 and sensor in-
formation from data fusion center 450, the VOBC deter-
mines whether the sensor detected a wayside mounted
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object where a known wayside mounted object is located.
If a known wayside mounted object was not detected,
method 400 continues with operation 422.
[0075] In operation 422, the sensor of the fusion sensor
arrangement is determined to be faulty. The VOBC pro-
vides instructions to data fusion center 450 to no longer
rely on the faulty sensor. In some embodiments which
include only two sensors in the fusion sensor arrange-
ment, the VOBC ceases to rely on information provided
by the fusion sensor arrangement. In some embodi-
ments, the VOBC transmits a signal indicating a reason
for determining the sensor as being faulty. In operation
422, the VOBC transmits a signal indicating the sensor
failed to detect a known wayside mounted object, in some
embodiments.
[0076] If the known wayside mounted object was de-
tected in operation 420, method 400 continues with op-
eration 424. In operation 424, the VOBC determines a
location of the wayside mounted vehicle and transmits
the determined location to control system 460 to update
a location of the wayside mounted vehicle in the control
system. In some embodiments, operation 424 is per-
formed following operation 404. In some embodiments,
operation 424 is performed every time a new location of
the guideway mounted vehicle is determined.
[0077] In operation 426, the VOBC determines wheth-
er the guideway mounted vehicle is involved in a cou-
pling/de-coupling process. The VOBC determines
whether the guideway mounted vehicle is involved in the
coupling/de-coupling process based on the sensor infor-
mation from fusion data center 450 and the guideway
database information from control system 460. The
VOBC determines whether another guideway mounted
vehicle is located within a coupling proximity to the guide-
way mounted vehicle. If the VOBC determines that the
guideway mounted vehicle is involved in a coupling/de-
coupling process, method 400 continues with operation
428.
[0078] In operation 428, the VOBC determine a precise
distance between the guideway mounted vehicle and the
other guideway mounted vehicle. The VOBC uses the
senor information and the guideway database informa-
tion to determine the precise distance. In some embod-
iments, the VOBC sends instructions to data fusion cent-
er 450 to increase resolution of the sensor information.
In some embodiments, the VOBC sends instructions to
the acceleration and braking system to reduce the speed
of the guideway mounted vehicle so that the location of
the guideway mounted vehicle has a decreased rate of
change. In some embodiment, the VOBC request more
frequent update of the guideway database information
from control system 460 to better determine a relative
position of the other guideway mounted vehicle.
[0079] If the VOBC determines the guideway mounted
vehicle is not involved in a coupling/de-coupling process,
method 400 continues with operation 430. In operation
430, the VOBC continues to operate the guideway
mounted vehicle in coordination with control system 460.

In some embodiments, the VOBC uses the sensor infor-
mation from data fusion center 450 in conjunction with
information from control system 460. In some embodi-
ments, the VOBC does not rely on the sensor information
from data fusion center 450 in operation 430.
[0080] Returning to operations 406, 408 and 410, if the
speed of the guideway mounted vehicle or the location
of the guideway mounted vehicle is lost, or if communi-
cation with control system 460 has timed out, method
400 continues with operation 440. In operation 440, the
VOBC relies on a fallback operation supervision to op-
erate the guideway mounted vehicle. In some embodi-
ments, the VOBC relies on sensor information from data
fusion center 450 to operate the guideway mounted ve-
hicle. In some embodiments, the VOBC performs in a
manner similar to method 300 (Figure 3) to operate the
guideway mounted vehicle.
[0081] In operation 442, the VOBC determines wheth-
er communication with control system 460 is re-estab-
lished. If communication with control system 460 is re-
established, method 400 continues with operation 444.
If communication with control system 460 is no re-estab-
lished, method 400 returns to operation 440.
[0082] In operation 444, the VOBC determines wheth-
er the location of the guideway mounted vehicle is re-
established. If the location of the guideway mounted ve-
hicle is re-established, method 400 continues with oper-
ation 430. If the location of the guideway mounted vehicle
is not re-established, method 400 returns to operation
440.
[0083] Figure 5 is a block diagram of a VOBC 500 for
using a fusion sensor arrangement in accordance with
one or more embodiments. VOBC 500 includes a hard-
ware processor 502 and a non-transitory, computer read-
able storage medium 504 encoded with, i.e., storing, the
computer program code 506, i.e., a set of executable
instructions. Computer readable storage medium 504 is
also encoded with instructions 507 for interfacing with
manufacturing machines for producing the memory ar-
ray. The processor 502 is electrically coupled to the com-
puter readable storage medium 504 via a bus 508. The
processor 502 is also electrically coupled to an I/O inter-
face 510 by bus 508. A network interface 512 is also
electrically connected to the processor 502 via bus 508.
Network interface 512 is connected to a network 514, so
that processor 502 and computer readable storage me-
dium 504 are capable of connecting to external elements
via network 514. VOBC 500 further includes data fusion
center 516. The processor 502 is connected to data fu-
sion center 516 via bus 508. The processor 502 is con-
figured to execute the computer program code 506 en-
coded in the computer readable storage medium 504 in
order to cause system 500 to be usable for performing a
portion or all of the operations as described in method
300 or method 400.
[0084] In some embodiments, the processor 502 is a
central processing unit (CPU), a multi-processor, a dis-
tributed processing system, an application specific inte-
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grated circuit (ASIC), and/or a suitable processing unit.
[0085] In some embodiments, the computer readable
storage medium 504 is an electronic, magnetic, optical,
electromagnetic, infrared, and/or a semiconductor sys-
tem (or apparatus or device). For example, the computer
readable storage medium 504 includes a semiconductor
or solid-state memory, a magnetic tape, a removable
computer diskette, a random access memory (RAM), a
read-only memory (ROM), a rigid magnetic disk, and/or
an optical disk. In some embodiments using optical disks,
the computer readable storage medium 504 includes a
compact disk-read only memory (CD-ROM), a compact
disk-read/write (CD-R/W), and/or a digital video disc
(DVD).
[0086] In some embodiments, the storage medium 504
stores the computer program code 506 configured to
cause system 500 to perform method 300 or method 400.
In some embodiments, the storage medium 504 also
stores information needed for performing a method 300
or 400 as well as information generated during perform-
ing the method 300 or 400, such as a sensor information
parameter 520, a guideway database parameter 522, a
vehicle location parameter 524, a vehicle speed param-
eter 526 and/or a set of executable instructions to perform
the operation of method 300 or 400.
[0087] In some embodiments, the storage medium 504
stores instructions 507 for interfacing with manufacturing
machines. The instructions 507 enable processor 502 to
generate manufacturing instructions readable by the
manufacturing machines to effectively implement meth-
od 400 during a manufacturing process.
[0088] VOBC 500 includes I/O interface 510. I/O inter-
face 510 is coupled to external circuitry. In some embod-
iments, I/O interface 510 includes a keyboard, keypad,
mouse, trackball, trackpad, and/or cursor direction keys
for communicating information and commands to proc-
essor 502.
[0089] VOBC 500 also includes network interface 512
coupled to the processor 502. Network interface 512 al-
lows VOBC 500 to communicate with network 514, to
which one or more other computer systems are connect-
ed. Network interface 512 includes wireless network in-
terfaces such as BLUETOOTH, WIFI, WIMAX, GPRS,
or WCDMA; or wired network interface such as ETHER-
NET, USB, or IEEE-1394. In some embodiments, meth-
od 300 or 400 is implemented in two or more VOBCs
500, and information such as memory type, memory ar-
ray layout, I/O voltage, I/O pin location and charge pump
are exchanged between different VOBCs 500 via net-
work 514.
[0090] VOBC further includes data fusion center 516.
Data fusion center 516 is similar to data fusion center
130 (Figure 1). In the embodiment of VOBC 500, data
fusion center 516 is integrated with VOBC 500. In some
embodiments, the data fusion center is separate from
VOBC 500 and connects to the VOBC through I/O inter-
face 510 or network interface 512.
[0091] VOBC 500 is configured to receive sensor in-

formation related to a fusion sensor arrangement, e.g.,
fusion sensor arrangement 100 (Figure 1), through data
fusion center 516. The information is stored in computer
readable medium 504 as sensor information parameter
520. VOBC 500 is configured to receive information re-
lated to the guideway database through I/O interface 510
or network interface 512. The information is stored in
computer readable medium 504 as guideway database
parameter 522. VOBC 500 is configured to receive infor-
mation related to vehicle location through I/O interface
510, network interface 512 or data fusion center 516. The
information is stored in computer readable medium 504
as vehicle location parameter 524. VOBC 500 is config-
ured to receive information related to vehicle speed
through I/O interface 510, network interface 512 or data
fusion center 516. The information is stored in computer
readable medium 504 as vehicle speed parameter 526.
[0092] During operation, processor 502 executes a set
of instructions to determine the location and speed of the
guideway mounted vehicle, which are used to update
vehicle location parameter 524 and vehicle speed pa-
rameter 526. Processor 502 is further configured to re-
ceive LMA instructions and speed instructions from a
centralized or de-centralized control system, e.g., control
system 460. Processor 502 determines whether the re-
ceived instructions are in conflict with the sensor infor-
mation. Processor 502 is configured to generate instruc-
tions for controlling an acceleration and braking system
of the guideway mounted vehicle to control travel along
the guideway.
[0093] Figure 6 is a block diagram of a system 600 for
determining a position of a guideway mounted vehicle
such as guideway mounted vehicle 202 (Figure 2), in
accordance with one or more embodiments.
[0094] System 600 comprises a speed detector 601,
a marker sensor 603, a controller 605, and an Attitude
and Heading Reference System (AHRS) 607.
[0095] Speed detector 601 is configured to generate
speed data associated with a movement of the vehicle.
In some embodiments, speed detector 601 is a tachom-
eter configured to detect a rotational speed of a wheel of
the guideway mounted vehicle. In some embodiments,
speed detector 601 is a global positioning system (GPS)
unit or receiver capable of providing speed related infor-
mation. In some embodiments, speed detector 601 is
some other suitable detector, sensor or system, config-
ured to provide speed related data associated with a
movement of the vehicle.
[0096] Marker sensor 603 is configured to generate
marker data based on a detection of an object along a
wayside of a guideway along which the vehicle is config-
ured to move. In some embodiments, the object is a mark-
er. A marker is, for example, a transponder tag detectable
by a reader, a crossover/loop boundary, a static object
such as a sign or a shape that has a location that is known
to the VOBC, an object that is detectable by way of a
fusion sensor such as fusion sensor arrangement 100
(Figure 1), a distinct or sharp change in one or more
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guideway properties (e.g. direction, curvature, or other
identifiable property) which can be accurately associated
with a specific location, or other suitable detectable fea-
ture or object usable to determine a geographic location
of a vehicle.
[0097] In some embodiments, the marker sensor 603
comprises one or more of an RFID reader, an RF trans-
ponder, a fusion sensor arrangement such as fusion sen-
sor arrangement 100 (Figure 1), or other suitable sensor
usable to detect a change in a guideway property such
as direction, curvature, or other recognizable property
associated with the guideway. In some embodiments,
the marker data comprises data usable by the controller
605 to determine the geographic location of the vehicle
in terms of a geographic coordinate system (e.g., latitude,
longitude, and/or altitude).
[0098] Controller 605 is coupled with the speed detec-
tor 601 and the marker sensor 603. Controller 605 is con-
figured to calculate a distance the vehicle moved based
on the speed data and the marker data. Controller 605
is also configured to generate location information based
on the distance the vehicle moved and the marker data.
Controller 605 is further configured to generate an indi-
cation that the vehicle is stationary based on the speed
data. In some embodiments, controller 605 autonomous-
ly determines vehicle location, speed and direction of
movement along the guideway. In some embodiments,
controller 605 is a VOBC such as VOBC 500 (Figure 5).
[0099] In some embodiments, controller 605 is config-
ured to provide the AHRS 607 with one or more of the
speed data, the marker data, the geographic location
(e.g., latitude, longitude, and altitude) of the marker de-
termined by the controller 605, an orientation (e.g., azi-
muth/heading, grade/pitch, or bank/roll angles) of the
guideway where the detected marker resides, the dis-
tance that the vehicle moved from a last marker as de-
termined by controller 605 based on the speed data
and/or an indication that the vehicle is stationary. The
controller 605 is configured to determine that the vehicle
is stationary based on the speed data or an instruction
that indicates that the vehicle speed is equal to zero. In
some embodiments, the controller 605 is configured to
determine that the vehicle is stationary based on an in-
struction that indicates an amount of propulsion or force
produced by a propulsion system configured to cause
the guideway mounted vehicle to move is equal to zero.
[0100] AHRS 607 is an inertial navigation system that
is configured to generate an accurate dead reckoning
navigation solution between detected markers. In some
embodiments, the dead reckoning navigation solution
generated by the AHRS 607 is a 3D navigation solution.
AHRS 607 comprises a sensor unit 609 and a processor
611. Processor 611 is coupled with sensor unit 609 and
with controller 605. In some embodiments, the processor
611 and the sensor unit 609 are implemented as a mi-
croelectromechanical system (MEMS) based AHRS that
is coupled with the controller 605 or included in the con-
troller 605. In some embodiments, the sensor unit 609

and the processor 611 are self-calibrating. In some em-
bodiments, sensor unit 609 and processor 611 are indi-
vidual components of the system 600. For example, in
some embodiments, system 600 comprises a sensor unit
609 and a processor 611 without the sensor unit 609 and
the processor 611 being embodied in an AHRS.
[0101] Sensor unit 609 comprises an accelerometer,
a gyroscope, and a magnetometer. In some embodi-
ments, sensor unit 609 comprises a temperature sensor
or other suitable sensor. Sensor unit 609 is configured
to generate sensor data based on information gathered
by one or more of the accelerometer, the gyroscope, the
magnetometer or the temperature sensor. In some em-
bodiments, sensor unit 609 comprises more than one
accelerometer, gyroscope, or magnetometer. In some
embodiments, sensor unit 609 comprises three acceler-
ometers, three gyroscopes, and three magnetometers.
In some embodiments, sensor unit 609 comprises one
or more temperature sensors. In some embodiments,
one or more of the accelerometer(s), the gyroscope(s),
or the magnetometer(s) is a multi-axis accelerometer, a
multi-axis gyroscope, or a multi-axis magnetometer. In
some embodiments, the sensor unit 609 comprises three
dual-axis accelerometers, three dual-axis gyroscopes,
and three dual-axis magnetometers. In some embodi-
ments, one or more of the accelerometer(s), the gyro-
scope(s), or the magnetometer(s) is a three-axis accel-
erometer, a three-axis gyroscope, or a three-axis mag-
netometer. Processor 611 is configured to process the
sensor data to determine a vehicle position based on the
sensor data and the location information.
[0102] In some embodiments, once AHRS 607 is ini-
tialized in terms of position, speed, and orientation,
AHRS 607 is configured to determine the 3D navigation
solution independently by double integration of a meas-
ured acceleration (dead reckoning) in all three axes (e.g.,
Local North - East - Down). As a result, once a single
marker is detected, a full 3D navigation solution is pro-
vided for use by the controller 605 to establish the location
information train position and the direction of movement
of the vehicle along the guideway. In some embodiments,
the 3D navigation solution comprises one or more of a
vehicle position in terms of AHRS body coordinates, a
vehicle velocity in terms of AHRS body coordinates, a
vehicle acceleration in terms of AHRS body coordinates,
a vehicle orientation in local North - East - Down coordi-
nates, or an angular rate in local North - East - Down
coordinates. In some embodiments, AHRS body coordi-
nates are defined as (1) X - forward along the vehicle’s
"waterline", (2) Y - left perpendicular to the vehicle’s "wa-
terline", and (3) Z - down perpendicular to the train’s "wa-
terline". In some embodiments, the local North - East -
Down coordinates are defined as (1) North - toward the
earth’s local magnetic north, (2) East - toward east cor-
responding to the earth’s local magnetic north, and (3)
Down - toward the earth’s center of gravity.
[0103] In some embodiments, processor 611 process-
es the sensor data via a filtering algorithms such as a
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Kalman filter to generate the 3D navigation solution. The
3D navigation solution includes an orientation, angular
rate, acceleration, velocity, and position of the guideway
mounted vehicle. In some embodiments, the orientation
and/or the angular rate are determined with respect to
the guideway. In some embodiments, the processor 611
processes data from an external system or sensor such
as the distance the vehicle moved as determined by the
controller 605, the location information determined by the
controller 605, or raw data provided to the processor 611
such as the speed data generated by the speed detector
601 to generate one or more components of the 3D nav-
igation solution. In some embodiments, the processor
611 is configured to receive and process speed data gen-
erated by a tachometer, a non-wheel based speed meas-
urement system, a GPS, and/or other suitable localiza-
tion system or sensor to generate one or more compo-
nents of the 3D navigation solution. In some embodi-
ments, processor 611 is configured to receive and proc-
ess raw data such as marker data generated by marker
sensor 603 to generate one or more components of the
3D navigation solution. In some embodiments, processor
611 is configured to receive and process marker data or
localization data generated by a transponder tag interro-
gator (e.g., an RFID reader), a fusion sensor, or other
suitable localization system or sensor usable to deter-
mine a specific guideway location to generate one or
more components of the 3D navigation solution.
[0104] In some embodiments, the 3D navigation solu-
tion is provided to the controller 605 in two sets. A first
3D navigation solution set is a compensated 3D naviga-
tion solution based on the distance the vehicle moved as
determined by the controller 605 and the speed data sup-
plied by the controller 605. The second 3D navigation
solution set is a non-compensated 3D navigation solution
that is not compensated based on the distance the vehi-
cle moved as determined by the controller 605 and the
speed data supplied by the controller 605. In some em-
bodiments, the compensated 3D navigation solution set
and the non-compensated 3D navigation solution set are
provided to the controller 605 simultaneously.
[0105] Because the processor 611 is configured to
process the sensor data, the location information, and/or
raw speed data, marker data, or other localization infor-
mation, the processor 611 is capable of generating a ve-
hicle position that has a minimal positioning error as a
result of integration drift. Integration drift sometimes oc-
curs in vehicle positioning solutions if the position of the
vehicle is determined based on accelerometers, tachom-
eter, and marker data alone. In some embodiments,
AHRS 607 is configured to control an integration drift less
than a threshold value that is dependent upon the overall
required system throughput (ex. Less than or equal to 30
meters after one minute of dead reckoning) to maintain
a positioning error within expected bounds. In some em-
bodiments, AHRS 607 is configured to provide dead reck-
oning positioning re-localization based on an external
marker such as a transponder tag to minimize the posi-

tioning error when an external marker is detected. In
some embodiments, AHRS 607 is configured to provide
dead reckoning positioning compensation based on ex-
ternal source data, such as GPS data or a distance the
vehicle moved determined by the controller 605 based
on the speed data to minimize the positioning error during
dead reckoning. In some embodiments, the AHRS 607
is configured to improve the navigation solution and its
associated positioning error based on specific con-
straints applied to the railway system by implementing
static navigation solution constraints such as a zero
speed (for the Y and Z axis in the AHRS body coordi-
nates). In some embodiments, the AHRS 607 is config-
ured to avoid unnecessary accumulation of positioning
error when the train is stopped by implementing dynamic
navigation solution constraints such as zero speed (for
the X axis in the AHRS system body coordinates). In
some embodiments, when the vehicle comes to a stop,
and stand still conditions are verified, the controller 605
is configured to update the AHRS 607 accordingly. The
AHRS 607 uses the stand still indication received form
the controller 605 to eliminate drift errors during the pe-
riod that the vehicle does not move.
[0106] Because the processor 611 generates a full 3D
navigation solution, the direction that the vehicle moves
on the guideway is capable of being established upon
generation of the 3D navigation solution. Because the
3D navigation solution is based, at least in part, on the
sensor data generated by the sensor unit 609, the proc-
essor 611 and/or the controller 605 are capable of gen-
erating the vehicle position and/or the location informa-
tion describing the position of the vehicle on the guideway
once a single marker is observed. By establishing the
position of the vehicle on the guideway after a single
marker is observed, the controller 605 is able to maintain
operation of the vehicle if a marker is missed, which is
sometimes a problem in conventional vehicle localization
systems that depend on observing two adjacent consec-
utive transponder tags to establish the position of the
vehicle and the direction of movement of the vehicle on
the guideway. In some embodiments, each time a marker
is observed, processor 611 is configured to localize or
re-localize the vehicle position included in the 3D navi-
gation solution.
[0107] Controller 605 is configured to update the loca-
tion information based on at least the vehicle position
included in the 3D navigation solution and to determine
a direction that the vehicle moved based on the updated
location information. In some embodiments, the control-
ler 605 uses the 3D navigation solution to determine the
direction that the vehicle moved.
[0108] After the marker sensor 603 detects an object
or marker, controller 605 periodically updates the proc-
essor 611 with the distance traveled based on the speed
data. In some embodiments, controller 605 is configured
to update processor 611 with the distance traveled about
every 70 milliseconds (msec). In some embodiments,
controller 605 is configured to update processor 611 with
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the distance traveled more often than about every 70
msec. In other embodiments, controller 605 is configured
to update processor 611 with the distance traveled less
often than about every 70 msec.
[0109] Using the location information and the distance
traveled provided by the controller 605, processor 611
generates the 3D navigation solution and communicates
the 3D navigation solution to the controller 605 multiple
times every second. In some embodiments, controller
605 is configured to compare the direction that the vehicle
moved with an expected direction of travel based on
guideway data stored in a memory, and the controller
605 is configured to determine the vehicle is off the guide-
way based on a change in the direction that the vehicle
moved from the expected direction of travel if the change
in the direction that the vehicle moved occurred within a
predetermined period of time. In some embodiments, the
predetermined period of time is less than or equal to the
period within which the processor 611 updates controller
605 or the controller 605 updates processor 611.
[0110] In some embodiments, controller 605 is config-
ured to compare the location information with the vehicle
position generated by the processor 611 to determine if
a difference between the location information and the
vehicle position is within a predetermined threshold
range. In some embodiments, controller 605 is config-
ured to compare the distance traveled based on the
speed data with a distance traveled based on the 3D
navigation solution to determine if the difference is within
a predetermined threshold range. If the difference be-
tween either the vehicle position and the location infor-
mation or the distance traveled based on the speed data
and the distance traveled based on the 3D navigation
solution is outside the threshold range, the difference in-
dicates that one of the vehicle position, the location in-
formation, the distance traveled based on the speed data
or the distance traveled based on the 3D navigation so-
lution is implausible or incorrect.
[0111] In some embodiments, an implausible or incor-
rect 3D navigation solution is indicative that a slip or slide
condition has occurred. A slip condition is a situation in
which a wheel of the vehicle slips or spins with respect
to the guideway and the vehicle moves a distance that
is less than a distance that corresponds with the amount
the wheel spins based on a diameter of the wheel. A slide
condition is a situation in which a wheel of the vehicle
slides with respect to the guideway and the vehicle moves
a distance that is greater than a distance that corre-
sponds with the amount the wheel spins based on the
diameter of the wheel. If the difference is outside the
threshold range, the controller 605 is configured to gen-
erate an indication that a slip or slide condition has oc-
curred. In some embodiments, the controller 605 is con-
figured to determine that the vehicle is in a slide condition
based on an indication that the vehicle is stationary based
on the speed data and an indication that the vehicle
changed position based on the sensor data from a first
position to a second position different from the first posi-

tion.
[0112] In some embodiments, the controller 605 is con-
figured to determine a velocity and an acceleration of the
vehicle based on the speed data. The controller 605 com-
pares the velocity and the acceleration portions of the
non-compensated 3D navigation solution set provided to
the controller 605 by the processor 611 with the velocity
and acceleration determined based on the speed data
to identify if the vehicle is in a slip or a slide condition.
[0113] Based on the comparison, the controller 605 is
configured to determine that the vehicle is in a slip or a
slide condition if the velocity and/or the acceleration por-
tions of the non-compensated 3D navigation solution set
and the corresponding velocity and/or the acceleration
determined based on the speed data are mismatched by
more than the acceptable range for a non-slip/slide state.
[0114] If a slip or a slide condition is determined to have
occurred, the controller 605 is configured to prevent
transmission of one or more of the location information
or the distance the vehicle moved that is calculated based
on the speed data to the processor 611. By preventing
transmission of the location information and/or the dis-
tance traveled to the processor 611, the processor 611,
is caused to generate the 3D navigation solution based
on the sensor data alone or in combination with the lo-
cation information. In some embodiments, if the controller
605 determines the vehicle is in a slip or a slide condition,
the controller 605 is configured to stop sending the loca-
tion information, the distance the vehicle moved from the
last marker and/or the speed data to the processor 611.
In some embodiments, as a result, the compensated and
the non-compensated 3D navigation solution sets will
then be identical.
[0115] If a slip or slide condition is determined by the
controller 605 to have occurred, then the controller 605
is configured to determine the location information and/or
the distance the vehicle moved based on the 3D naviga-
tion solution or one or more components thereof such as
the vehicle position generated by the processor 611 until
a marker is detected by the marker sensor 603. For ex-
ample, if the marker data is based on a first object de-
tected by the marker sensor 603, then the controller 605
is configured to determine the location information based
only on the vehicle position generated by the processor
611 if a slip or slide condition is determined to have oc-
curred until a second object is detected by the marker
sensor 603. Because the slip or slide condition is toler-
ated until the marker sensor 603 detects another object,
a quantity of markers needed to keep a vehicle in oper-
ation on the guideway is capable of being reduced. For
example, the system 100 makes it possible to optionally
place markers at locations along the guideway where
high vehicle position accuracy is desired such as at
switch zones or platforms.
[0116] The controller 605 is configured to determine
the slip or slide condition has ended if the non-compen-
sated 3D navigation solution set and the velocity and
acceleration determined based on the speed data are
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within the acceptable range for the non-slip/slide state.
After the controller 605 determines the slip or the slide
condition has ended, the controller 605 starts sending
the location information, the distance the vehicle moved
from the last marker and/or the speed data to the proc-
essor 611 again.
[0117] During non-slip or slide periods, the 3D naviga-
tion solution is "corrected" by the distance traveled cal-
culated by the controller 605 based on the speed data.
This ensures that the 3D navigation solution, during the
non-slip or slide periods, is at least as accurate as the
distance traveled calculated by controller 605.
[0118] Because the position error due to integration
drift over time is minimized by the AHRS 607, the con-
troller 605 is capable of tolerating periods in which the
vehicle is in a slip or slide condition without exceeding a
position uncertainty limit that would otherwise affect the
operation of the vehicle. In vehicle localization systems
that determine a vehicle position based on accelerome-
ters, tachometers and marker data alone, vehicle posi-
tioning uncertainty grows rapidly during periods in which
the vehicle is in a slip or a slide condition, which results
in a position being lost when a maximum position uncer-
tainty threshold is exceeded. AHRS 607 makes it possi-
ble to tolerate a slip or slide period or distance because
the location information and the vehicle position deter-
mined by the controller 605 and the processor 611 are
updated based on the sensor data, which helps to keep
the position uncertainty below the maximum positioning
uncertainty threshold following a slip or slide condition
before another marker is detected to update the location
information generated by the controller 605.
[0119] In some embodiments, controller 605 is config-
ured to determine the vehicle is off the guideway. In some
embodiments, if the vehicle is determined to be off the
guideway, then the controller 605 determines that a de-
railment of the vehicle from the guideway has occurred.
If the vehicle is determined to be off the guideway, the
controller 605 is configured to generate an indication that
the vehicle is off the guideway. Based on the determina-
tion that the vehicle is off the guideway, in some embod-
iments, the controller 605 is configured to stop the vehicle
from operating. For example, if the controller 605 deter-
mines the vehicle is off the guideway, the controller 605
is configured to cause the wheels of the vehicle to stop
moving. Such a feature is helpful in preventing a vehicle
that is off the guideway from being driven from a derail-
ment position to another position by way of a force gen-
erated by the wheels of the vehicle, for example. In other
words, the controller 605 is configured to generate an
instruction to cut off vehicle propulsion.
[0120] In some embodiments, the controller 605 is con-
figured to determine the vehicle is off the guideway based
on a change in the orientation from an expected orienta-
tion of the vehicle that occurs within a predetermined
period of time. For example, if the processor 611 is con-
figured to communicate the 3D navigation solution to the
controller 605 about every 70 msec, and the controller is

configured to update the processor 611 with the location
information and/or the distance traveled every 70 msec,
then an unexpected change in orientation of the vehicle
that occurs in less than about 140 msec is indicative that
the vehicle has unexpectedly moved off of the guideway.
In some embodiments, the predetermined period of time
is greater than about 140 msec. The expected orientation
of the vehicle is one or more of a current orientation of
the vehicle with respect to the guideway determined by
the processor 611 or an orientation of the vehicle with
respect to the guideway associated with a known position
on the guideway that is stored in a memory. Controller
605 is configured to compare the orientation of the vehicle
with the expected orientation of the vehicle, to determine
if an unexpected change in the orientation of the vehicle
occurs within the predetermined period of time. In some
embodiments, the predetermined period of time provides
as small of a window as possible to provide a near in-
stantaneous determination that an unexpected change
in orientation of the vehicle has occurred. For example,
upon an unexpected derailment of the vehicle from the
guideway, the vehicle position and the orientation of the
vehicle will have a sudden and significant change. For
example, in a case of a vehicular rollover from an upright
position with respect to the guideway to a side of the
vehicle, the vehicle will experience a roll angle of about
90 degrees. In some cases in which the vehicle is unex-
pectedly off the guideway, the heading angle will have a
significant change with respect to the guideway heading.
In some other cases, the vehicle position may be signif-
icantly off the guideway location.
[0121] In some embodiments, controller 605 is config-
ured to determine that the vehicle is off the guideway
based on the change in the orientation of the vehicle and
a decrease in acceleration based on the sensor data. For
example, if the controller 605 determines that a change
in the orientation of the vehicle has occurred and, based
on the speed data or the 3D navigation solution, the ve-
hicle suddenly decelerates with an instruction known to
the controller 605, the controller determines that the ve-
hicle is off the guideway.
[0122] In some embodiments, if the vehicle is not in a
slip or a slide condition, e.g., the difference between the
vehicle position and the location information is within the
threshold range, the controller 605 is configured to cali-
brate a diameter of a wheel of the vehicle based on the
vehicle position, the marker data, and the speed data.
The distance traveled based on speed data such as that
generated by a tachometer is a function of the wheel
diameter. Therefore, accurate speed data measurement
relies on accurate calibration of the wheel diameter. Typ-
ically calibration is performed by adjusting the wheel di-
ameter based on a known distance between two known
markers and a number of tachometer pulses measured
between the two known markers. The wheel calibration
accuracy is sensitive to marker detection errors (e.g.
transponder detection errors, installation errors, foot-
print) and spin/slide related errors. To improve the accu-
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racy of the wheel calibration and to increase the tolerance
for some detection errors, the controller 605 is configured
to calibrate the diameter of the wheel using the vehicle
position generated by the processor 611, which is based
on the sensor data. The controller 605 is then able to
determine the location information based on the speed
data and the calibrated diameter of the wheel. In some
embodiments, the wheel diameter calibration is based
on the difference between two AHRS inputs in proximity
to the detected object or marker. In some embodiments,
the AHRS 607 is configured to specifically communicate
with objects or markers that are marked with calibration
tags to perform the wheel diameter calibration.
[0123] Figure 7 is a flowchart of a method 700 of de-
termining a position of a guideway mounted vehicle, in
accordance with one or more embodiments. In some em-
bodiments, one or more steps of method 700 is imple-
mented by a processor such as processor 611 (Figure
6) or a controller such as 605 (Figure 6).
[0124] In step 701, a speed of a vehicle is detected
using a speed detector configured to generate speed da-
ta associated with the vehicle.
[0125] In step 703, an object is detected along a way-
side of a guideway along which the vehicle is configured
to move using a marker sensor configured to generate
marker data based on the detection of the object.
[0126] In step 705, the controller calculates a distance
the vehicle moved based on the speed data and the mark-
er data.
[0127] In step 707, the controller generates location
information based on the distance the vehicle moved and
the marker data.
[0128] In step 709, sensor data is generated based on
information gathered by one or more of an accelerome-
ter, a gyroscope, or a magnetometer.
[0129] In step 711, the processor processes the sensor
data using to determine a vehicle position based on the
sensor data and the location information.
[0130] In step 713, the controller compares the location
information with the vehicle position to determine if a dif-
ference between the location information and the vehicle
position is within a predetermined threshold range. If the
difference is outside the threshold range, the controller
determines the vehicle is in a slip or slide condition.
Based on the determination that the vehicle is in a slip
or a slide condition, the controller prevents transmission
of the location information to the processor. If the con-
troller determines that the vehicle is in a slip or a slide
condition, the controller determines the location informa-
tion based only on the vehicle position provided by the
processor.
[0131] In step 715, the controller optionally generates
an indication that the vehicle is stationary based on the
speed data. The controller is configured to determine the
vehicle is in a slide condition based on the indication that
the vehicle is stationary based on the speed data and a
change in vehicle position based on the sensor data from
a first position to a second position different from the first

position.
[0132] In step 717, the controller updates the location
information based on the vehicle position.
[0133] In step 719, the controller determines a direction
the vehicle moved based on the updated location infor-
mation. The controller compares the direction that the
vehicle moved with an expected direction of travel based
on guideway data stored in a memory. If a change in the
direction that the vehicle moved from the expected direc-
tion of travel occurred within a predetermined period of
time, the controller determines the vehicle is off the guide-
way.
[0134] In step 721, the processor processes orienta-
tion data associated with an orientation of the vehicle
included with the sensor data to determine an orientation
of the vehicle with respect to the guideway.
[0135] In step 723, the controller compares the orien-
tation of the vehicle with an expected orientation of the
vehicle. The expected orientation of the vehicle is one or
more of a current orientation of the vehicle determined
by the processor or a stored orientation of the vehicle
associated with the guideway. If the controller determines
that the vehicle unexpectedly changed orientation within
a predetermined period of time, the controller determines
the vehicle is off the guideway. In some embodiments,
the controller determines that the vehicle is off the guide-
way based on the change in the orientation of the vehicle
and a decrease in acceleration based on the sensor data.
[0136] In step 725, the controller calibrates a diameter
of a wheel of the vehicle based on the vehicle position,
the marker data, and the speed data. The location infor-
mation is based on the speed data and the calibrated
diameter of the wheel if the difference is within the thresh-
old range, indicating the vehicle is not in a slip or a slide
condition.
[0137] Figure 8 is a functional flowchart of a method
800 for integrating an AHRS into a VOBC positioning
system, in accordance with one or more embodiments.
In some embodiments, one or more steps of method 800
is implemented by a processor such as processor 611
(Figure 6) of AHRS 607 (Figure 6) or a controller such
as 605 (Figure 6).
[0138] In step 801, marker data is optionally received
by the controller. In step 803, the controller determines
if marker data was received. If yes, the method continues
to steps 805 and 807. If no, then the method continues
to step 809.
[0139] In step 805, the controller determines the loca-
tion of the vehicle based on the marker data and com-
municates the location information to the processor of
the AHRS in terms of the location of the marker.
[0140] In step 807, the controller calibrates the wheel
diameter based on the marker data and the speed data
received by the controller in step 811.
[0141] In step 811, speed data is received by the con-
troller. The speed data is usable, for example, to deter-
mine the distance the vehicle traveled from the last mark-
er and/or for wheel diameter calibration.
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[0142] In step 809, the controller determines the dis-
tance the vehicle traveled from the last marker detected
based on the received marker data associated with de-
tecting the last marker, the speed data, and the calibrated
wheel diameter.
[0143] In step 813, the controller determines if the ve-
hicle is off the guideway. If yes, then the controller cuts
off propulsion of the vehicle in step 815. If no, then the
method continues to step 817 in which the controller de-
termines if the vehicle is in a slip or a slide condition. If
yes, the method continues to step 803 to re-initialize the
position of the vehicle. If no, then the process continues
to step 819, and the controller communicates the dis-
tance that the vehicle traveled from the last marker to the
AHRS.
[0144] In step 819, the AHRS processes the marker
location, the vehicle location, the distance the vehicle
traveled, the speed data, and/or the sensor data gener-
ated by the sensors of the AHRS to generate the com-
pensated 3D navigation solution and the non-compen-
sated 3D navigation solution usable to determine the lo-
cation of the vehicle until a next marker is detected and
new marker data is received by the controller.
[0145] Figure 9 is a graph 900 showing experimental
results demonstrating the effectiveness of the system
600 at reducing wheel calibration errors, in accordance
with one or more embodiments. Graph 900 depicts the
distance traveled (m), speed (m/s), positioning error (m)
and the position error over travelled distance percentage
(%) assuming the integration drift is 30 m after one
minute, with an initial vehicle speed of 72 km/h and a
vehicular acceleration of 0.5 m/s2 on a level guideway.
[0146] Based on the above example, a 0.25% wheel
diameter error is achievable where the wheel calibration
process is constrained to 5.0 seconds and no spin or
slide occurs during the wheel calibration process. This
results in a position error of 0.25% of the distance traveled
from the last observed marker if no spin or slide occurs.
For example, if the distance to a next marker is 2 km,
and no markers are installed between a first marker and
the next marker, the positioning error at the next marker
will be 5 m. This is a significant improvement with respect
to situations in which the wheel diameter error is more
than 1%.
[0147] Figure 10 is a graph 1000 showing experimental
results demonstrating the effectiveness of the system
600 at reducing drift error in a slide condition, in accord-
ance with one or more embodiments. Graph 1000 depicts
the distance traveled (m), speed (m/s), positioning error
(m) and the position error over travelled distance per-
centage (%) assuming the initial vehicle speed is 72 km/h,
the vehicle brakes to a stop at 0.5 m/s2 on a level guide-
way, and a slide occurs. In this example, the braking time
is approximately 40 seconds and the positioning error
accumulated during the slide period (i.e. 40 seconds) is
approximately 18 m. This is a significant improvement
with respect to situations in which only few seconds of
slide are allowed before the vehicle position is lost to the

controller which would usually cause the vehicle to be
braked to a stop via an emergency brake actuated by the
controller, for example. The above-described systems
and methods help make it possible to position transpond-
er tags or other markers, which are used to localize and/or
re-localize the train position, only at locations of interest
where a smaller position uncertainty is desired. This will
result at cost savings as less equipment, if transponder
tags are used, has to installed and maintained. The
above-described systems and methods help VOBC’s to
better tolerate slip and or slide conditions that cause po-
sition loss. The above-described systems and methods
provide a more accurate dead reckoning position be-
tween markers as a result of a more accurate wheel di-
ameter calibration process and the 3D navigation solu-
tion sets generated by the AHRS. The above-described
systems and methods make it possible to detect a train
derailment based on the AHRS 3D navigation solution
and the determination of a sudden and significant change
of the train location and orientation with respect to the
expected location and orientation.
[0148] An aspect of this description relates to a system
comprising a speed detector, a marker sensor, a control-
ler, a sensor unit, and a processor. The speed detector
is configured to generate speed data associated with a
movement of a vehicle. The marker sensor is configured
to generate marker data based on a detection of an object
along a wayside of a guideway along which the vehicle
is configured to move. The controller is coupled with the
speed detector and the marker sensor. The controller is
configured to calculate a distance the vehicle moved
based on the speed data and the marker data. The con-
troller is also configured to generate location information
based on the distance the vehicle moved and the marker
data. The controller is further configured to generate an
indication the vehicle is stationary based on the speed
data. The sensor unit comprising an accelerometer, a
gyroscope, and a magnetometer. The sensor unit is con-
figured to generate sensor data based on information
gathered by one or more of the accelerometer, the gyro-
scope, or the magnetometer. The processor is coupled
with the sensor unit and the controller. The processor is
configured to process the sensor data to determine a
vehicle position based on the sensor data and the loca-
tion information. The controller is additionally configured
to compare the location information with the vehicle po-
sition to determine if a difference between the location
information and the vehicle position is within a predeter-
mined threshold range.
[0149] Another aspect of this description relates to a
method comprising detecting a speed of a vehicle using
a speed detector configured to generate speed data as-
sociated with the vehicle. The method also comprises
detecting an object along a wayside of a guideway which
the vehicle is configured to move using a marker sensor
configured to generate marker data based on the detec-
tion of the object. The method further comprises calcu-
lating, using a controller, a distance the vehicle moved
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based on the speed data and the marker data. The meth-
od additionally comprises generating location informa-
tion based on the distance the vehicle moved and the
marker data. The method also comprises generating sen-
sor data based on information gathered by one or more
of an accelerometer, a gyroscope, or a magnetometer.
The method further comprises processing the sensor da-
ta using a processor to determine a vehicle position
based on the sensor data and the location information.
The method additionally comprises comparing the loca-
tion information with the vehicle position to determine if
a difference between the location information and the
vehicle position is within a predetermined threshold
range.
[0150] A further aspect of this description relates to a
system comprising a tachometer, a marker sensor, a con-
troller, and a navigation unit. The tachometer is config-
ured to generate rotation data associated with a rotation
of a wheel of a vehicle. The marker sensor is configured
to generate marker data based on a detection of an object
along a wayside of a guideway along which the vehicle
is configured to move. The controller is coupled with the
tachometer and the marker sensor. The controller is con-
figured to calculate a speed at which the vehicle moves
based on the rotation data and a diameter of a wheel of
the vehicle. The controller is also configured to calculate
a distance the vehicle moved based on the speed data
and the marker data. The controller is further configured
to generate location information based on the distance
the vehicle moved and the marker data. The navigation
unit comprises a processor, an accelerometer, a gyro-
scope, and a magnetometer. The navigation unit is con-
figured to generate a vehicle position based on sensor
data and the location information. The sensor data is
gathered by one or more of the accelerometer, the gyro-
scope, or the magnetometer. The controller is addition-
ally configured to determine if a difference between the
location information and the vehicle position is within a
predetermined threshold range, and calibrate the diam-
eter of the wheel based on the vehicle position, the mark-
er data and the speed data if the difference is within the
threshold range.
[0151] It will be readily seen by one of ordinary skill in
the art that the disclosed embodiments fulfill one or more
of the advantages set forth above. After reading the fore-
going specification, one of ordinary skill will be able to
affect various changes, substitutions of equivalents and
various other embodiments as broadly disclosed herein.
It is therefore intended that the protection granted hereon
be limited only by the definition contained in the append-
ed claims and equivalents thereof.
[0152] According to an aspect, the description relates
to a system, comprising:

a speed detector configured to generate speed data
associated with a movement of a vehicle;
a marker sensor configured to generate marker data
based on a detection of an object along a wayside

of a guideway along which the vehicle is configured
to move;
a controller coupled with the speed detector and the
marker sensor, the controller being configured to (1)
calculate a distance the vehicle moved based on the
speed data and the marker data, (2) generate loca-
tion information based on the distance the vehicle
moved and the marker data, and (3) generate an
indication the vehicle is stationary based on the
speed data;
a sensor unit comprising an accelerometer, a gyro-
scope, and a magnetometer, the sensor unit being
configured to generate sensor data based on infor-
mation gathered by one or more of the accelerome-
ter, the gyroscope, or the magnetometer; and
a processor coupled with the sensor unit and the
controller, the processor being configured to process
the sensor data to determine a vehicle position
based on the sensor data and the location informa-
tion,
wherein the controller is configured to compare the
location information with the vehicle position to de-
termine if a difference between the location informa-
tion and the vehicle position is within a predeter-
mined threshold range.

[0153] Optional features of the system are listed below
and can be used in combination or alternatively.
[0154] According to an example, the controller is con-
figured to update the location information based on the
vehicle position and to determine a direction the vehicle
moved based on the updated location information.
[0155] According to an example, the controller is con-
figured to compare the direction the vehicle moved with
an expected direction of travel based on guideway data
stored in a memory, and the controller is configured to
determine the vehicle is off the guideway based on a
change in the direction the vehicle moved from the ex-
pected direction of travel if the change in the direction
the vehicle moved occurred within a predetermined pe-
riod of time.
[0156] According to an example, the sensor data com-
prises orientation data associated with an orientation of
the vehicle with respect to the guideway,
the processor is configured to determine the orientation
of the vehicle based on the orientation data,
the controller is configured to compare the orientation of
the vehicle with an expected orientation of the vehicle,
the expected orientation of the vehicle being one or more
of a current orientation of the vehicle determined by the
processor or a stored orientation of the vehicle associat-
ed with the guideway, and
the controller is configured to determine the vehicle is off
the guideway based on a change in the orientation of the
vehicle from the expected orientation of the vehicle to
the orientation of the vehicle determined by the processor
if the change in the orientation of the vehicle occurred
within a predetermined period of time.
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[0157] According to an example, the controller is con-
figured to determine the vehicle is off the guideway based
on the change in the orientation of the vehicle and a de-
crease in acceleration based on the sensor data.
[0158] According to an example, if the difference is out-
side the threshold range, the controller is configured to
prevent transmission of the location information to the
processor.
[0159] According to an example, the controller is con-
figured to generate an indication that a slip or slide con-
dition has occurred based on the difference being outside
the threshold range.
[0160] According to an example, the marker data is
based on a first object detected by the marker sensor,
and the controller is configured to determine the location
information based only on the vehicle position if a slip or
slide condition is determined to have occurred until a sec-
ond object is detected by the marker sensor.
[0161] According to an example, if the difference is
within the threshold range, the controller is configured to
calibrate a diameter of a wheel of the vehicle based on
the vehicle position, the marker data, and the speed data,
and the controller is configured to determine the location
information based on the speed data and the calibrated
diameter of the wheel.
[0162] According to an example, the controller is con-
figured to determine the vehicle is in a slide condition
based on the indication the vehicle is stationary based
on the speed data and a change in vehicle position based
on the sensor data from a first position to a second po-
sition different from the first position.
[0163] According to another aspect, the description re-
lates to a method comprising detecting a speed of a ve-
hicle using a speed detector configured to generate
speed data associated with the vehicle;
detecting an object along a wayside of a guideway along
which the vehicle is configured to move using a marker
sensor configured to generate marker data based on the
detection of the object;
calculating, using a controller, a distance the vehicle
moved based on the speed data and the marker data;
generating location information based on the distance
the vehicle moved and the marker data;
generating sensor data based on information gathered
by one or more of an accelerometer, a gyroscope, or a
magnetometer;
processing the sensor data using a processor to deter-
mine a vehicle position based on the sensor data and
the location information; and
comparing the location information with the vehicle po-
sition to determine if a difference between the location
information and the vehicle position is within a predeter-
mined threshold range.
[0164] Optional features of the method are listed below
and can be used in combination or alternatively.
[0165] According to an example, the method further
comprises:

updating the location information based on the ve-
hicle position; and
determining a direction the vehicle moved based on
the updated location information.

[0166] According to an example, the method further
comprises:

comparing the direction the vehicle moved with an
expected direction of travel based on guideway data
stored in a memory; and
determining the vehicle is off the guideway based on
a change in the direction the vehicle moved from the
expected direction of travel if the change in the di-
rection the vehicle moved occurred within a prede-
termined period of time.

[0167] According to an example the sensor data further
comprises orientation data associated with an orientation
of the vehicle with respect to the guideway, and the meth-
od further comprises:

processing the orientation data to determine an ori-
entation of the vehicle with respect to the guideway,
comparing the orientation of the vehicle with an ex-
pected orientation of the vehicle, the expected ori-
entation of the vehicle being one or more of a current
orientation of the vehicle determined by the proces-
sor or a stored orientation of the vehicle associated
with the guideway; and
determining the vehicle is off the guideway based on
a change in the orientation of the vehicle from the
expected orientation of the vehicle to the orientation
of the vehicle determined by the processor if the
change in the orientation of the vehicle occurred
within a predetermined period of time.

[0168] According to an example, the method further
comprises:
determining the vehicle is off the guideway based on the
change in the orientation of the vehicle and a decrease
in acceleration based on the sensor data.
[0169] According to an example, the method further
comprises:

determining the vehicle is in a slip or slide condition
based on the difference being outside the threshold
range; and
preventing transmission of the location information
to the processor based on the determined slip or
slide condition.

[0170] According to an example, the marker data is
based on a first object detected by the marker sensor,
and the method further comprises:

determining the location information based only on
the vehicle position if a slip or slide condition is de-
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termined to have occurred; and
detecting a second object is detected by the marker
sensor.

[0171] According to an example, the method further
comprises :

calibrating a diameter of a wheel of the vehicle based
on the vehicle position, the marker data, and the
speed data,
wherein the location information is based on the
speed data and the calibrated diameter of the wheel
if the difference is within the threshold range.

[0172] According to an example, the method further
comprises:

generating an indication the vehicle is stationary
based on the speed data,
wherein the controller is configured to determine the
vehicle is in a slide condition based on the indication
the vehicle is stationary based on the speed data
and a change in vehicle position based on the sensor
data from a first position to a second position different
from the first position.

[0173] According to another aspect, the description re-
lates to a system comprising a tachometer configured to
generate rotation data associated with a rotation of a
wheel of a vehicle;
a marker sensor configured to generate marker data
based on a detection of an object along a wayside of a
guideway along which the vehicle is configured to move;
a controller coupled with the tachometer and the marker
sensor, the controller being configured to (1) calculate a
speed at which the vehicle moves based on the rotation
data and a diameter of a wheel of the vehicle, (2) calculate
a distance the vehicle moved based on the speed data
and the marker data, and (3) generate location informa-
tion based on the distance the vehicle moved and the
marker data; and
a navigation unit comprising a processor, an accelerom-
eter, a gyroscope, and a magnetometer, the navigation
unit being configured to generate a vehicle position
based on sensor data and the location information, the
sensor data being gathered by one or more of the accel-
erometer, the gyroscope, or the magnetometer,
wherein the controller is further configured to determine
if a difference between the location information and the
vehicle position is within a predetermined threshold
range, and calibrate the diameter of the wheel based on
the vehicle position, the marker data and the speed data
if the difference is within the threshold range.

Claims

1. A vehicle mounted fusion sensor arrangement (100)

comprising:

at least two sensors (110, 120) mounted on a
vehicle 202, wherein the at least two sensors
(110, 120) each receive different types of infor-
mation,
a data fusion center (130) configured to fuse the
information received by the at least two sensors
and to confirm detection of a detected object,
and
a Vehicle on Board Controller (VOBC) config-
ured to receive the fused information from the
data fusion center (130) and determine (314) a
speed and a location of the vehicle (202) based
on the detected object, wherein the VOBC is fur-
ther configured to:

determine (316) a location and a relative
speed of the detected object on a time in-
terval,
generate a limit of movement authority
(LMA) instruction, and
execute the LMA instruction by controlling
the acceleration and braking system of the
vehicle (202) to instruct the vehicle (202) to
proceed (318) to a stopping location.

2. The vehicle mounted fusion sensor arrangement
(100) according to claim 1, wherein the VOBC is fur-
ther configured to set a maximum speed (304) of the
vehicle (202).

3. The vehicle mounted fusion sensor arrangement
(100) according to claim 2, wherein the VOBC is fur-
ther configured to:

transmit (340) the fused information from the da-
ta fusion center (130) to a remote control sys-
tem,
receive (342) an instruction from the remote con-
trol system, and
implement (344) the instruction by controlling
the acceleration and braking system of the ve-
hicle 202.

4. The vehicle mounted fusion sensor arrangement
(100) according to claim 3, wherein the VOBC is fur-
ther configured to control the vehicle (202) to travel
at the maximum speed set (304) by the VOBC when
the instruction received (342) by the VOBC instructs
the vehicle (202) to travel at a speed exceeding the
maximum speed.

5. The vehicle mounted fusion sensor arrangement
(100) according to claim 1, wherein the stopping lo-
cation is a switch on a guideway.

6. The vehicle mounted fusion sensor arrangement
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(100) according to claim 5, wherein the LMA instruc-
tion is configured to:

cause the vehicle (202) to stop at a heel of the
switch if the switch is in a disturbed state, and
cause the vehicle (202) to stop if the fused in-
formation received by the VOBC fails to deter-
mine a state of the switch.

7. The vehicle mounted fusion sensor arrangement
(100) according to claim 1, wherein the stopping lo-
cation is the detected object on a guideway and
wherein the LMA instruction is configured to cause
the vehicle (202) to stop at a predetermined distance
prior to reaching the detected object.

8. The vehicle mounted fusion sensor arrangement
(100) according to claim 1, wherein the stopping lo-
cation is a coupling or decoupling location on a guide-
way, and wherein the VOBC is further configured to:

use the fused information to determine a cou-
pling distance between the vehicle (202) and an-
other guideway mounted vehicle,
control the acceleration and braking system of
the vehicle (202) to cause the vehicle to travel
at a coupling speed, and
control the acceleration and braking system of
the vehicle (202) to cause the vehicle to stop at
a distance from the another guideway mounted
vehicle equals to or smaller than the coupling
distance.

9. The vehicle mounted fusion sensor arrangement
(100) according to claim 1, wherein the stopping lo-
cation is a protection area of a non-communicating
guideway mounted vehicle, and wherein the LMA
instruction is configured to cause the vehicle (202)
to stop prior to entering the protection area.

10. The vehicle mounted fusion sensor arrangement
(100) according to claim 1, wherein the VOBC is fur-
ther configured to
perform a status check (309) of the at least two sen-
sors (110, 120).

11. The vehicle mounted fusion sensor arrangement
(100) according to claim 10, wherein the status check
(309) is performed based on a determination of a
conflict between the information received from the
at least two sensors (110, 120).

12. The vehicle mounted fusion sensor arrangement
(100) according to claim 11, wherein the conflict is
identified by the VOBC based on a determination
that a difference between the information received
from the at least two sensors (110, 120) exceed a
predetermined tolerance threshold.

13. The vehicle mounted fusion sensor arrangement
(100) according to claim 11, wherein the conflict is
identified by the VOBC based on a determination
that one sensor of the at least two sensors (110, 120)
detects an object, and another sensor of the at least
two sensors (110, 120) does not detect the object.

14. The vehicle mounted fusion sensor arrangement
(100) according to claim 11, wherein the status check
(309) is performed based on a determination of an
implausibility in the information received from the at
least two sensors (110, 120).

15. The vehicle mounted fusion sensor arrangement
(100) according to claim 14, wherein the implausi-
bility is identified based on a determination that the
information received from at least one sensor of the
at least two sensors (110, 120) exceed a predeter-
mined threshold value.
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