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RAIL CONTROL SYSTEM AND/OR METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 63/421,058, filed 31 Oct. 2022,
which is incorporated herein in its entirety by this reference.
[0002] This application is related to U.S. application Ser.
No. 18/373,225, filed 26 Sep. 2023, which is incorporated
herein in its entirety by this reference.

TECHNICAL FIELD

[0003] This invention relates generally to the transporta-
tion field, and more specifically to a new and useful rail
navigation system and/or method in the transportation field.

BRIEF DESCRIPTION OF THE FIGURES

[0004] FIG. 1 is a schematic representation of a variant of
the system.
[0005] FIG. 2 is a flowchart diagrammatic representation

of a variant of the method.

[0006] FIG. 3 is an example flowchart schematic of a
variant of the system and/or method.

[0007] FIG. 4 is a graphical illustration of a variant of
waypoint translation onto track geometry.

[0008] FIG. 5 is a graphical illustration of a variant of
waypoint translation onto track geometry.

[0009] FIGS. 6A-6B are a first and second illustration of
a graphical interface facilitating waypoint-based command
and/or control.

[0010] FIG. 7 is an example diagram illustrating complex
rail routing via waypoint-based navigation.

[0011] FIG. 8 is a flowchart diagram of a variant of the
system and/or method.

[0012] FIG.9is an example flowchart diagram of a variant
of the method.
[0013] FIG. 10 is an example flowchart diagram of a

variant of the method.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0014] The following description of the preferred embodi-
ments of the invention is not intended to limit the invention
to these preferred embodiments, but rather to enable any
person skilled in the art to make and use this invention.

1. Overview

[0015] The system 100, an example of which is shown in
FIG. 1, can include: a user interface 110, a track data system
120, a motion planner 130, and a vehicle controller 140. The
system can optionally include or be used with a fleet
management system 150. However, the system 100 can
additionally or alternatively include any other suitable set of
components. The system functions to facilitate waypoint-
based command, navigation, and/or control of rail vehicles
within a rail network. Additionally or alternatively, the
system can function to facilitate execution of the method
S100 and/or sub-elements thereof. An example of the system
100 is shown in FIG. 3.

[0016] The method S100 can include: determining a navi-
gation command Silo; dispatching a vehicle based on the
navigation command S120; and controlling the dispatched
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vehicle based on the command S130. The method functions
to facilitate waypoint-based operation of rail vehicles within
a rail network.

[0017] Variants of the system can utilize waypoints to
identify locations of interest through Earth-referenced coor-
dinates (e.g., overlayed on a satellite image based and/or
GPS-based track map, for example), such as GPS coordi-
nates, which can be “linearized” or otherwise transformed
into a specific piece of track. Waypoints can be independent
of'any map version or map instance (e.g., as being inherently
‘global’ in an Earth coordinate frame) and may reliably
pinpoint track features in an inherent physical location, even
more ephemeral track geometry abstractions change (i.e.,
where elements are added, removed, reindexed, change in
dimension, etc.). The term “track geometries” may be used
herein to refer to data structure abstractions of physical
“track features” (e.g., elements/objects which are extant
and/or observable in the real world) and/or may be otherwise
used.

[0018] Variants can additionally utilize waypoints to stack
simpler actions to form a more complex routing maneuver
(e.g., as a series/sequence of waypoint-based actions), which
may significantly reduce algorithmic complexity and enable
complex routing to be executed by higher-order algorithms
that can abstract simple routes created by low-level algo-
rithms. For example, when routing through switches, a
complex route can be generated using a sequence of simple
waypoint-based routes (e.g., an example is shown in FIG. 7).
The route can be successfully completed/executed based on
the waypoint command(s) independently of the current map
version being used and/or while respecting switch state
variance.

[0019] In an example workflow, a user chooses a (way-
point) destination and commands the vehicle to it via the
user interface. The user interface requests and/or receives
the waypoint coordinate information from a waypoints data-
base (e.g., managed by the track data system and/or a map
service thereof). The user interface then provides the way-
point and its GPS information in the form of a navigation
command to the motion planner. The motion planner can
translate the waypoint to a location on the versioned track
geometry (e.g., in accordance with Block S120); the location
and/or vehicle command associated therewith can then be
passed on to the vehicle to facilitate vehicle navigation/
control relative to the same versioned track geometry (e.g.,
in Block S130).

[0020] The term “substantially” as utilized herein can
mean: exactly, approximately, within a predetermined
threshold or tolerance, and/or have any other suitable mean-
ing.

[0021] In variants, the term “dispatch” (and/or dispatcher)
can be utilized in reference to one or more of: train dispatch
(e.g., by a train dispatcher, rail traffic controller, train con-
troller, train service controller, signaler, etc.), motion plan-
ning, vehicle command, vehicle instruction, and/or any other
suitable element(s) which may be used to facilitate move-
ment of a rail vehicle through a railway network. For
example, the term “dispatcher” can refer to the motion
planner and/or methods as described in U.S. application Ser.
No. 18/373,225, filed 26 Sep. 2023, which is incorporated
herein in its entirety by this reference. However, the terms
dispatch, dispatcher, and/or dispatching system can be oth-
erwise suitably used/referenced herein.
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[0022] The system can optionally include or be used in
conjunction with a vehicle(s) which traverse within a rail
network according to the motion plan and/or commands
associated therewith. Each vehicles can include a vehicle
controller 140 and/or any other suitable elements. However,
the vehicle can include any other suitable elements and/or
can be otherwise configured. Additionally or alternatively,
the system can be configured to facilitate (waypoint-based)
operation and/or routing of a remote vehicle and/or can be
used with any other suitable vehicle(s).

[0023] In variants, the vehicle(s) can be as described in
one or more of: U.S. application Ser. No. 17/694,499, filed
14 Mar. 2022, titled “ELECTRIC RAIL VEHICLE,” U.S.
application Ser. No. 17/335,732, filed 1 Jun. 2021, titled
“ELECTRIC RAIL VEHICLE,” each of which is incorpo-
rated herein in its entirety by this reference. In variants, the
vehicle controller can facilitate vehicle control and/or pla-
tooning in accordance with the system and/or methods as
described in U.S. application Ser. No. 17/732,143, filed 28
Apr. 2022, which is incorporated herein in its entirety by this
reference. In a specific example, the vehicle controller can
be the controller of a leading vehicle of a leading car of a
platoon (e.g., wherein a remainder of vehicles and/or cars of
the platoon are controlled based on the operation of the
leading car).

1.1 Nlustrative Examples

[0024] In a first set of variants, a method for waypoint-
based rail navigation can include: determining a waypoint-
based (navigation) command comprising a set of instruc-
tions associated with traversal to a destination, the
destination including a GPS location of a predetermined
feature of a rail network selected, at a user interface, from an
aerial image overlay of the rail network; determining an
updated track geometry version including a version identi-
fier and a set of nodes and edges, each node indexed in
association with a GPS location, each edge extending
between a pair of nodes; storing the updated track geometry
version at a memory onboard the rail vehicle; at a centralized
motion planner, commanding the rail vehicle in track-
geometry-referenced coordinates, including: transforming
the destination into a track-geometry-referenced position
including a linearized distance along an indexed track edge
of the track geometry; and autonomously controlling the rail
vehicle based on the track-geometry-referenced coordinates,
including: at the rail vehicle, validating that the track-
geometry-referenced coordinates are associated with the
version identifier of the updated track geometry version; and
controlling the vehicle on based on the track-geometry-
referenced position.

[0025] In a second set of variants (e.g., an example is
shown in FIG. 9), nonexclusive with the first, a method for
waypoint-based rail navigation includes: determining a track
geometry for a region of a rail network; determining a set of
waypoint-based commands in an Earth coordinate frame,
wherein the set of waypoint-based commands are indepen-
dent of the track geometry, wherein the set of waypoint-
based commands are associated with navigation to a desti-
nation; and controlling the rail vehicle according to the set
of waypoint-based commands, including: transforming the
destination into a track-geometry-referenced position com-
prising a linearized distance along an indexed track edge of
the track geometry.
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[0026] In a third set of variants (e.g., an example is shown
in FIG. 10), nonexclusive with the first and second sets, a
method for waypoint-based rail navigation includes: deter-
mining a track geometry comprising a set of indexed track
nodes and indexed track edges, the track geometry associ-
ated with a version identifier, each indexed track node and
track edge defined in an Earth coordinate frame; determining
a waypoint in the Earth coordinate frame; transforming the
waypoint into a track coordinate comprising a linearized
distance along an indexed track edge of the track geometry;
and autonomously controlling a rail vehicle based on the
track coordinate and the version identifier.

2. Benefits

[0027] Variations of the technology can afford several
benefits and/or advantages.

[0028] First, variations of this technology can facilitate
robust, generalizable navigation for railway vehicles under
varying track conditions/configurations. For example, hard-
coded track-segment-based (or location-based) rail maps
and instructions may be rendered obsolete when tracks are
reconfigured, which commonly occurs in rail yard environ-
ments, or when track conditions change. Instead of relying
on specific track segment identifiers or locations along a rail
line, variants can utilize abstract (waypoint-based) naviga-
tion commands, which can be mapped onto the most-
updated/instantaneous rail map(s) to facilitate navigation
which respects various configuration(s) of the network (even
in cases where there are changes to the relevant segment
identifiers, nodes, switch states, track geometry, etc.; deter-
ministically for a particular map version; non-deterministi-
cally/dynamically for different map versions; an example is
shown in FIG. 8).

[0029] Second, variations of the technology can facilitate
complex routing/re-routing, even under varying track con-
ditions/configurations, by using waypoint-based navigation
instead of hard-coded track segments (e.g., and track seg-
ment identifiers). An example of a complex waypoint-based
route is shown in FIG. 7 (e.g., which respects/necessitates
multiple states of a single switch).

[0030] Third, variations of the technology can facilitate
tractable human-machine interactions, allowing users to
convey instructions in a human interpretable format (e.g.,
using waypoints or high-level directives; waypoints on
aerial image map overlays, etc.) and/or GPS-relative format.
Additionally, manually provided, waypoint-based instruc-
tions may persist even after one or more changes to the
intervening track geometry and/or track map version. As an
example, a manually-defined rail route may be stored
entirely independently of a transitory map geometry (e.g., at
the vehicle and/or motion planner). As a second example,
users may select track features (and/or automatically gen-
erated waypoints associated therewith) as destinations to
facilitate high-accuracy manual routing/navigation around
(pre-)mapped track features, without a user needing to
directly provide a specific coordinate position[s] (e.g., rela-
tive to the track or Earth coordinate frame). Instead, the user
may accurately control the vehicle based on the semantic
names or tags of route features, which may simplify the
human-machine interaction.

[0031] Fourth, variations of this technology can facilitate
control of (autonomous) rail vehicles under a variety of
railroad authority-granting schemes, authority protocols,
map notation/reference schemes, and/or other instance-spe-
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cific information by providing navigational commands and/
or vehicle instructions in a generalized form (e.g., way-
points). For example, the technology can enable
compatibility with conventional train control systems (e.g.,
PTC), which grant track authority using track features (e.g.,
track warrants grant authority to use the track between two
named track points, such as switches, clearance points,
signals, etc.), by translating generalized waypoints into track
coordinates relative to said track features. As an example,
variants can facilitate waypoint-based operation in conjunc-
tion with the PTC control system(s) and/or method(s) as
described in U.S. application Ser. No. 18/373,225, filed 26
Sep. 2023, which is incorporated herein in its entirety by this
reference.

[0032] Fifth, variations of this technology can reduce a
risk of accidental collisions between autonomous vehicles in
a rail network, by constraining dispatched vehicles to oper-
ate within separate (non-overlapping) warrants, referenced
against a common version of the track geometry map (e.g.,
even in cases where routes and/or waypoint-based com-
mands for various vehicles may overlap).

[0033] However, variations of the technology can addi-
tionally or alternately provide any other suitable benefits
and/or advantages.

3. System

[0034] The system 100, an example of which is shown in
FIG. 1, can include: a user interface 110, a track data system
120, a motion planner 130, and a vehicle controller 140. The
system can optionally include or be used with a fleet
management system 150. However, the system 100 can
additionally or alternatively include any other suitable set of
components. The system functions to facilitate waypoint-
based command, navigation, and/or control of rail vehicles
within a rail network. Additionally or alternatively, the
system can function to facilitate execution of the method
S100 and/or sub-elements thereof.

[0035] The user interface [UI] functions to facilitate
manual command of vehicles (e.g., in a yard operations
context). Additionally or alternatively, the user interface can
function to facilitate tele-operation (e.g., in a restricted speed
context), manual updates to track map data (e.g., manual
determinations of switch state for unmonitored switches,
etc.), manual exception handling, and/or other manual inter-
ventions/inputs. Additionally or alternatively, the user inter-
face can function to facilitate determination of (naviga-
tional) commands in accordance with Block Silo. The user
interface can be communicatively connected to a fleet man-
agement system and/or a motion planner system to provide
manual navigation commands for vehicle command/dis-
patch and/or control. Additionally, user inputs via the user
interface can be used to update the track data (e.g., based on
manual bulletin inputs, manual switch state inputs, etc.;
within the track data system and/or a map service thereof).

[0036] In some variants, such as in a yard operation
context, user inputs received via the Ul can be used to
generate vehicle commands, which can be used to indirectly
control a vehicle(s) in the form of waypoint commands
provided to the motion planner (e.g., which may generate
instructions to one or more control vehicles and/or direct
operation of the system based on the waypoint commands;
an example of waypoint-based command/control with a user
interface is shown in FIG. 6A and FIG. 6B).
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[0037] In variants, the Ul may facilitate manual provisions
of waypoint-based commands via selection of waypoints
(e.g., automatically generated waypoints) in an overlayed
satellite image, aerial image, GPS referenced map, and/or
another suitable interface. For instance, the Ul may facilitate
waypoint selection via a web application, API, mobile
device (e.g., tablet or other wireless/cellular device), and/or
any other suitable device(s)/service(s). In a first example, a
yard operator (e.g., in proximity to a train/vehicle) may
select predetermined waypoints (e.g., associated with pre-
defined track features; automatically generated from named/
mapped track features) via a first device which is commu-
nicatively coupled (e.g., wirelessly) to the motion planner,
such as via a web app and/or APIL. As a second example, a
remote operator may select waypoints via a remote (tele-)
operator platform. As a third example, users may select
automatically generated waypoints for named track features
based on a (semantic) track feature name (e.g., or other
index/ID), allowing the user to select the (predefined) geo-
coordinate waypoint (e.g., without needing to directly input
specific coordinates). However, the Ul may otherwise facili-
tate selection/provision of waypoints.

[0038] The waypoints can be separately maintained in a
waypoint database, managed as a part of the map data
service, generated using data from an external database(s)
(e.g., a satellite map of Earth; a railroad authority map; etc.),
and/or can be otherwise determined. In a first variant,
waypoints can be predetermined and/or automatically deter-
mined based on the locations of track features. In an
illustrative example, a user can select a predefined (e.g.,
indexed in association with a named track feature, such as a
track-adjacent warehouse or maintenance station they want
a train/vehicle to stop, wherein the location of the track-
adjacent warehouse or maintenance station is provided as
the waypoint). Alternatively, the Ul may be used to manually
define waypoints (e.g., relative to an aerial image, etc.),
and/or may define positions/distances relative to waypoints
(or associated track features).

[0039] Waypoint selections and/or additions (e.g., by
users; automatically generated waypoints from track fea-
tures) may be validated to prevent addition or selection of
waypoints which would fail to respect safety, regulatory, or
other constraints of the rail network (e.g., around track
features). For instance, waypoint selections can be con-
strained/limited based on regulatory restrictions (e.g., clear-
ance distances for switches may restrict selection of way-
points behind the clearance point, as the FRA specifies that
rail vehicles may not stop in this zone, etc.), user defined
restrictions (e.g., a user may specify zones on the track
where vehicles may not be able to stop, where waypoints
within these zones are rejected to prevent the vehicle from
navigating there), communication/connectivity restrictions
(e.g., the system may restrict selection of waypoints within
signal blackout regions or tunnels, where motion planner
may lose connectivity with the vehicle an may no longer be
able to issue further instructions/commands), railroad
authority restrictions (e.g., the system may restrict selection
of waypoints based on railroad authority grants), and/or any
other suitable restrictions/constraints. In one variant, way-
points may be defined or selected in areas with established
wireless signal connectivity and may, in some variants, be
otherwise limited beyond of areas of known signal blackout
and/or limited in regions with poor wireless signal connec-
tivity. For example, end track coordinates may not be
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selected within tunnels in some implementations (i.e., where
the system may prevent a user from direct a vehicle to stop
a destination within a tunnel, where the vehicle may no
longer be remotely managed/controlled) and/or waypoint
selection may be otherwise predefined/constrained based on
wireless signal availability. Additionally or alternatively,
track features may exist within tunnels and/or waypoints
may be selected in some tunnels (e.g., where the vehicle
position may be otherwise identified/tracked, and/or where
other control/communication protocols may exist), and/or
any other suitable set of waypoints can be utilized.

[0040] However, the system can include or be used with
any other suitable user interface and/or can exclude a user
interface.

[0041] The system can include or be used with a track data
system which functions to maintain track data to be used for
routing, dispatch, and/or vehicle control. The track data
maintained within the track data system can include: way-
point database; a track geometry (e.g., including a map of
track segments, each including an ‘edge’ extending between
a pair of ‘nodes’; versioned, such as with an instance
identifier and/or timestamp associated with the most recent
update; etc.), track features (e.g., track geometry, clearance
points, grade crossings, switch states, signal states, bulletins
locations, etc.), track conditions (e.g., work zones, SR/RS
zones, etc.), and/or any other suitable track data. In an
example, the track geometry can be defined by a set of
named track features (e.g., mileposts, fractional mileposts,
control points, clearance points, signals, switches, stations,
terminal locations, crane locations, charger locations,
garages, destinations of interest, features/coordinates asso-
ciated with track rules, etc.), each associated with a geo-
graphic location (or ‘node’), with track segments defined
therebetween, along a linear ‘edge’ or path between the
nodes. The track geometry can be represented as a graph
(e.g., of locations/nodes connected by track segments), a
map, and/or otherwise represented. However, the track
geometry can be otherwise defined. The track geometry
and/or track data can be predetermined, derived from 37
party data/maps (e.g., railroad maps), received from a rail-
road authority, and/or can be otherwise determined/updated
with any suitable timing/frequency. The motion planner and
the vehicle controller can both access and/or locally store
track data (e.g., versioned track geometry) for use in any
suitable determination/control determinations. Track data
can be pushed to the motion planner and/or vehicle control-
ler(s) and/or pulled from the track data system (e.g., by the
motion planner and/or vehicle controller) with any suitable
timing/frequency.

[0042] In a specific example, track data pertaining to
regions proximal to the vehicle (e.g., within an authority
granting region; within a 50-mile radius; a rail yard map at
a current location or at a planned destination; etc.) can be
pushed to the vehicle controller with any suitable timing/
frequency (e.g., as a part of a warrant provision and/or as a
part of command provision; separately from provision of
commands or authority grants/warrants; etc.). However, the
system can otherwise operate with any other suitable track
data system and/or track map(s), and/or can otherwise
maintain track data knowledge/information sharing through-
out the system.

[0043] In variants, the waypoints (and/or waypoint data-
base) referenced by and/or utilized in conjunction with the
UI can be entirely independent of the track geometry. For
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example, track features and/or waypoints associated there-
with can be managed in an external database or map service
(e.g., tagged locations in a satellite map of Earth, for
example) which can be used to generate GPS references for
user-selected waypoints. Alternatively, the waypoints can be
maintained locally (e.g., managed in a local database using
proprietary data collected and/or stored by a server),
remotely, via cloud storage/processing, generated (algorith-
mically) during runtime (e.g., around proximal track fea-
tures), and/or can be otherwise maintained/managed.
[0044] Waypoints can be associated with track features
(i.e., at least a portion of the waypoints may be associated
with and/or defined relative to the Earth-relative position of
a track feature), which can include: mileposts, fractional
mileposts, control points, clearance points, signals, switches,
stations, terminal locations, crane locations, charger loca-
tions, garage locations, destinations of interest, and/or any
other suitable track features/coordinates associated with
track rules. Waypoints can be defined with a GPS/GNSS
coordinate position, an Earth-referenced cell (e.g., S2 cells,
etc.), a geohash, and/or can be otherwise suitably defined.
[0045] In variants, waypoints can be automatically gener-
ated from (i.e., defined based on the locations of) mapped
track features (e.g., from a map service, external database, or
separately managed database). As an example, waypoints
can be automatically generated from track features in a map,
which may allow users to select waypoints relative to
(pre-)mapped track features without manually entering a
coordinate position for the feature. Waypoints can be auto-
matically generated from mapped track features during
runtime (e.g., pulled from a database or map service in
proximity to a relevant portion of track, allowing a user to
select relevant track features as waypoints), periodically, in
response to a pull request, and/or with any other suitable
frequency/timing. Automatically generated waypoints can
be determined in locations along the track based on system
rules and track constraints (i.e., where a vehicle is able to
stop). For example, waypoints can be generated in proximity
to track features based on track rules, regulatory constraints,
and/or system limitations/constraints. A single waypoint can
be automatically generated for a track feature (e.g., at a
milepost or charging station) and/or multiple waypoints can
be automatically generated around a track feature (e.g., on
either side of a crossing; on each leg of a switch; etc.).
[0046] In a first example, waypoints can be automatically
generated on the reverse, normal, and facing legs of switches
(e.g., which are used as destinations to move the vehicle
through the switch and as staging locations to park the
vehicle before making a move through the switch; at clear-
ance points which are offset by appropriate clearance dis-
tances/constraints on each leg, etc.).

[0047] In a second example, waypoints can be automati-
cally generated around crossings (e.g., at clearance points
offset on either side of the crossing by an appropriate
clearance; allowing either side of the crossing to be selected
in order to move the vehicle through the crossing and as
staging locations to stop the vehicle before making a move
through the crossing).

[0048] However, the system can otherwise generate and/or
manage waypoints, and/or the system can include or be used
with any other suitable track data system and/or map service
(s).

[0049] The motion planner 130 (a.k.a., “vehicle dispatch
system”) functions to command and/or dispatch a set of
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vehicles within the rail network. Additionally or alterna-
tively, the motion planner can function to impose vehicle
collision constraints and/or authority constraints on vehicles
within the rail network (e.g., on a railroad governed by the
railroad authority, at a rail yard, etc.). Additionally or
alternatively, the motion planner functions to determine a set
of instructions which direct vehicle operation throughout the
rail network. Additionally or alternatively, the motion plan-
ner can function to maintain state awareness of vehicles
throughout the rail network.

[0050] The motion planner determines instructions for
each of the set of vehicles and/or vehicle controllers thereof
operating within the rail network. In a first example, the
motion planner can determine a track reservation(s) (a.k.a.,
“micro-warrant”; granular authority region along a section
of track) for a vehicle(s) operating within the rail network,
such as described in U.S. application Ser. No. 18/373,225,
filed 26 Sep. 2023, which is incorporated herein in its
entirety by this reference. In a second example, the motion
planner can determine track reservations for vehicles such as
an electric vehicle and/or bogie as described in U.S. appli-
cation Ser. No. 17/694,499, filed 14 Mar. 2022, and/or U.S.
application Ser. No. 17/335,732, filed 1 Jun. 2021, each of
which is incorporated herein in its entirety by this reference.
[0051] The motion planner can determine and/or provide
commands (a.k.a., dispatch instructions) to vehicles which
include: a (granular) of track reservation (e.g., a list of track
segments referenced to map, track boundary constraints, a
path segment along the track geometry, etc.), a set of
operational parameters (e.g., target speed, speed limit, tra-
versal direction), an expiration parameter (e.g., duration of
proceed authority), a track condition parameter (e.g., check-
sum, validation parameter, etc.), a heartbeat parameter,
and/or any other suitable parameters/information.

[0052] The motion planner can issue (dispatch) instruc-
tions to vehicles (e.g., via wireless communication, such as
an LTE connection): periodically, aperiodically, in response
to a track map update (e.g., change in track condition, issued
bulletin, track geometry change, state change, version
update, etc.), in response to an authority grant change/update
(e.g., based on and/or with any other suitable timing/fre-
quency), in response to receipt of an updated vehicle state
(e.g., from the vehicle controller), in response to a user
command/update (e.g., a waypoint-based command/update),
and/or with any other suitable timing/frequency. As an
example, the dispatch instructions can be issued periodically
(e.g., every 10 seconds, every 20 seconds, etc.) to facilitate
granular state awareness and/or instruction of wvehicles
within the network. As a second example, the motion
planner can direct vehicles as described in U.S. application
Ser. No. 18/373,225, filed 26 Sep. 2023, which is incorpo-
rated herein in its entirety by this reference. However, the
motion planner can provide any other suitable instructions
and/or otherwise suitably command/dispatch vehicles (e.g.,
in accordance with Block S120).

[0053] Dispatch instructions (a.k.a., vehicle commands)
provided by the motion planner to the rail vehicle(s) can
include a (granular) region of track and/or operational
parameters which direct vehicle routing and/or traversal
(along the region of track) within the rail network. In a first
example, a navigation command can direct a vehicle in a
particular direction between a starting waypoint and ending
waypoint (e.g., the distance between the starting waypoint
and ending waypoint can be 50 miles in the case of main line

May 2, 2024

operations or a 10-meter sequence of track spanning a gate
or switch in the case of yard operations, etc.), where the
dispatch instructions include a region of track between the
locations corresponding to the starting and ending way-
points, referenced to the versioned track geometry (e.g.,
segment ID and path length along the segment, for
example). In a second example, a navigation command can
direct a vehicle to traverse a distance down the track, where
the dispatch instructions include a current location of the
vehicle referenced relative to the versioned track geometry
(e.g., track coordinate along a versioned track segment, an
example of which is shown in FIG. 4) and a region of track
spanning a distance along the versioned track geometry from
the current location. In a third example, a navigation com-
mand can be a GPS navigational route, where the dispatch
instructions can be a sequence of track regions referenced/
indexed against the versioned track geometry. Navigation
commands can be received at the motion planner from the
user interface (e.g., for manually determined waypoint navi-
gation), predetermined (e.g., for a train running a fixed
schedule), received from a fleet management system, and/or
otherwise determined. Commands can be assigned/directed
to a particular vehicle and/or a vehicle identifier associated
with a vehicle controller of the vehicle. For example, a
command can be associated with a navigation and traversal
of a train between an initial waypoint (and/or a correspond-
ing track coordinate) and a destination waypoint (and/or a
corresponding track coordinate). Alternatively, navigation
commands can be unassigned, undirected, vehicle indis-
criminate, and/or can be any other suitable commands.
[0054] In variants, the motion planner can automatically
determine dispatch instructions based on: the navigation
commands (e.g., received from the Ul and/or a fleet man-
agement system), existing authority grants (e.g., as issued by
the railroad authority), the vehicle state (e.g., received from
the vehicle controller to which the micro-warrant will be
granted/assigned), track features/conditions (e.g., received/
retrieved track data system), and/or any other suitable infor-
mation.

[0055] The motion planner can include processing and/or
processing modules which can be: local, remote (e.g., at a
remote server, at a third party server, cloud processing, etc.),
centralized, distributed, and/or processing for the motion
planner can be otherwise executed. In a specific example,
motion planning can be regional and/or a set of regional
motion planners can each govern vehicles within a respec-
tive track region. In variants, the motion planner and the set
of vehicles (and/or vehicle controllers thereof) within the
network preferably operate contemporaneously and/or syn-
chronously, where the motion planner can issue dispatch
instructions asynchronously to individual vehicles of the set
(e.g., facilitating asynchronous state management of the
vehicles within the network).

[0056] However, the system can include any other suitable
motion planner.

[0057] The vehicle controller functions to control a
vehicle within the rail network to facilitate operation of the
vehicle based on the (waypoint based) vehicle commands
and/or dispatch instructions derived therefrom. More pref-
erably, the vehicle controller functions to facilitate autono-
mous operation of the vehicle within the track region using
the versioned track geometry (e.g., for a dispatch instruction
derived from the command waypoints). As an example, the
vehicle controller may retain agency to stop within the track
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region based on perceived surroundings or internal diagnos-
tics, but the movement/control of the vehicle controller may
be directed and/or limited by the dispatch instructions (e.g.,
and/or static/dynamic constraints associated therewith; such
as an authority region, speed constraints, logic gates, etc.).
For example, the dispatch instructions may constrain: maxi-
mum speed, maximum proceed distance (e.g., movement
boundaries), autonomy level (e.g., full autonomy, partial
autonomy, human-in-the-loop control, etc.), direction of
operation (e.g., unidirectional operation, bidirectional opera-
tion, etc.), proceed capability through a track feature (e.g.,
manual validation/verification may be required to advance
through a switch of unknown state, for example) and/or can
otherwise constrain vehicle operation. In a second example,
the dispatch system can determine a sequence of dispatch
instructions based on the waypoint commands, which can be
sequentially provided to (and executed sequentially by) the
vehicle controller, while respecting vehicle autonomy and/or
practical track constraints (e.g., motion gated/limited by a
switch state, for example).

[0058] Additionally, prior to executing the dispatch
instructions, the vehicle controller can validate dispatch
instructions (such as the track geometry or track features
pertaining to the dispatch instruction), such as by way of a
checksum or other validation protocol (e.g., hash function,
etc.). For example, dispatch instruction and/or track-geom-
etry-referenced coordinates thereof can be validated using a
version identifier for the track map (e.g., stored locally at the
vehicle in association with current track geometry version
and/or received in association with a command; prior to
executing the dispatch instruction).

[0059] In variants, the vehicle controller can facilitate
vehicle control and/or platooning in accordance with the
system and/or methods as described in U.S. application Ser.
No. 17/732,143, filed 28 Apr. 2022, which is incorporated
herein in its entirety by this reference. In a specific example,
the vehicle controller can be the controller of a leading
vehicle of a leading car of a platoon (e.g., wherein a
remainder of vehicles and/or cars of the platoon are con-
trolled based on the operation of the leading car).

[0060] The vehicle controller preferably determines a
vehicle state (ak.a., vehicle status) and communicates the
vehicle state to the vehicle dispatching system (e.g., which
can be used for validation, verification, and/or subsequent
micro-warrant determination). The vehicle state determined
by the vehicle controller can include: speed estimation,
battery characteristics (e.g., state of charge, state of health,
state of power, etc.), heading, diagnostic parameters (e.g.,
battery characteristics, powertrain characteristics, sensor
characteristics, etc.), perception performance (e.g., heading
distance, etc.), brake performance estimates (e.g., max stop-
ping distance), environmental representations (e.g., classi-
fication of objects/obstacles in the environment), and/or any
other suitable vehicle state parameters/estimates. Addition-
ally, the vehicle controller can provide loop closure com-
municating (to the vehicle dispatch system) confirmation of
version updated to the track geometry (e.g., via a checksum,
hash function, etc.; otherwise providing loop closure for
map version updates), heartbeat parameters (e.g., central
system connection parameters, warrant update parameters,
etc.), and/or any other suitable information.

[0061] Additionally or alternatively, the vehicle controller
can function to distribute power and/or communications
onboard the vehicle to affect vehicle control based on the
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dispatch instructions. The vehicle controller can additionally
or alternatively function to implement autonomous naviga-
tion commands, teleoperation commands (e.g., received
from a remote teleoperator), autonomous vehicle control
(e.g., based on the set of operational parameters), and/or any
other vehicle control based on the dispatch instructions. The
controller is preferably onboard the vehicle (e.g., mounted to
a vehicle chassis, etc.), but can alternatively be remote from
the vehicle. The controller can be centralized (e.g., packaged
within a single module) or distributed (e.g., across multiple
compute nodes, packaged within multiple compute modules,
etc.). The controller can receive sensory inputs/measure-
ments from the sensor suite, which can be used to determine
a vehicle state, dynamically control the vehicle, manage the
batteries, and/or control the electric powertrain. The con-
troller can include a battery management system which
functions to monitor the state of the battery. The state of the
battery can include: state of charge (SoC), state of health
(SoH), state of power (SoP), state of safety (SoS), tempera-
ture (e.g., of the battery or a set of cells therein, of a working
fluid, a temperature distribution of battery cells, etc.), and/or
any other suitable characteristics. The battery management
system can also function to control the charge and/or dis-
charge of the battery. However, the controller can include
any other suitable BMS. The controller can include one or
more motor controllers which function to condition power
from the battery to be supplied to a motor and/or to control
electrical propulsion and/or dynamic (regenerative) braking
at the motor. There can be a single motor controller asso-
ciated with the vehicle, one motor controller per motor,
and/or any other suitable number of motor controllers.
However, the controller can include any other suitable motor
controllers. In variants, the controller can function to facili-
tate vehicle transit and/or powertrain control as described in
U.S. application Ser. No. 17/335,732, filed 1 Jun. 2021,
which is incorporated herein in its entirety by this reference.
In variants, the controller can control a platoon of electric
vehicle(s) individually or may be used to control vehicles in
a pairwise manner (e.g., via V2V communications, etc.).
[0062] In variants, a vehicle controller can include: a
speed controller, velocity controller, PID controller, MPC
controller, nonlinear controller, feedback controller, feedfor-
ward controller, and/or can implement any other suitable
control schemes or any combination/permutation thereof.
[0063] In variants, the vehicle controller may use GPS
feedback, track-relative odometry (e.g., based on wheel
velocity estimation, inertial data, etc.), and/or other local-
ization techniques to facilitate execution of dispatch instruc-
tions and/or vehicle commands. Additionally, the vehicle
controller may provide feedback (to the motion planner) in
Earth coordinates (e.g., publishing a GPS position estimate
of the vehicle) and/or track coordinates (e.g., distance along
an indexed track segment) to facilitate motion planning.
[0064] However, the system can include any other suitable
vehicle controller and/or operate in conjunction with any
other suitable vehicle(s) or vehicle control scheme(s).
[0065] The system can optionally include or be used with
a fleet management system which functions to command
and/or direct fleet resources (e.g., vehicles, cargo, etc.)
throughout the vehicle network. Additionally or alterna-
tively, the fleet management system can facilitate track
authority requests/grants from a railroad authority (e.g., or a
railroad authority integration service; assignment of indi-
vidual vehicles to a command/request from a user). Addi-
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tionally or alternatively, the fleet management system can
determine vehicle commands based on user inputs/requests
via the user interface, such as in accordance with Block
S110. Additionally or alternatively, the fleet management
system can function to update the track map data and/or
track conditions based on vehicle state information (e.g.,
received from a vehicle controller), information received via
the user interface (e.g., manual switch state determinations,
operator requests/commands, manual feedback, manual
validations, other manual inputs, etc.), and/or information
from secondary/external sources (e.g., information received
from a railroad authority, such as may be received via a
railroad integration service; which may include track fea-
tures, track conditions, switch state, etc.).

[0066] In some variants, the fleet management system can
determine a vehicle to dispatch for a particular vehicle
command, such as according to a set of rules, heuristics,
decision logic (e.g., a decision tree, etc.), a neural network
(e.g., weighted linear regression), and/or can otherwise
select a vehicle for dispatch. For example, vehicles can be
selected based on availability (e.g., not loaded with cargo),
proximity to a target (e.g., distance, traversal time, number
of intervening vehicles, etc.), vehicle state, state of charge,
state of maintenance, and/or can be otherwise selected.
Additionally or alternatively, commands can be manually
associated with a particular vehicle (e.g., via Ul inputs;
where a user directs a particular vehicle to move to a
particular location via the Ul, for example) or can otherwise
be determined upstream of the vehicle dispatch system.
Alternatively, commands can be otherwise associated with a
particular vehicle and/or not associated with a specific
vehicle.

[0067] In some variants, the fleet management system can
additionally or alternatively be used to determine (waypoint-
based) vehicle commands based on routing and/or naviga-
tional optimizations (e.g., based on the track map, existing
authority grants and/or warrants associated therewith, etc.)
for the fleet of vehicles within the rail network, and com-
municate the vehicle commands to the dispatch system for
separate dispatch and control of the various vehicle
instances.

[0068] However, the system can include or be used with
any other fleet management system and/or can exclude a
fleet management system.

[0069] However, the system can include any other suitable
components.

4. Method
[0070] The method S100, an example of which is shown

in FIG. 2, can include: determining a navigation command
Silo; dispatching a vehicle based on the navigation com-
mand S120; and controlling the dispatched vehicle based on
the command S130. The method functions to facilitate
waypoint-based operation of rail vehicles within a rail
network.

[0071] Determining a navigation command S110 function
to direct vehicle dispatch and/or vehicle navigation within
the rail network. More preferably, navigation commands/
instructions are preferably determined in a format which is
independent of a current map version and/or current track
geometry (i.e., waypoints), which may facilitate control
based on the commands (e.g., even in cases where the track
geometry changes or the map version is updated after
navigation commands are determined in S110).
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[0072] The navigation commands are preferably way-
point-based commands (or waypoint-based instructions)
determined in a global coordinate frame (e.g., Earth refer-
enced coordinates; GPS coordinates; S2 cell; geohash; etc.).
The navigation commands can be determined by the user
interface (e.g., in the case of manual vehicle requests; in a
tele-operation context), a fleet dispatch system, and/or any
other suitable systems or processing modules/endpoints.
[0073] Navigation commands can be determined manually
(e.g., by a user and/or based on a user input; via the user
interface), automatically (e.g., with a fleet management
system), locally (e.g., at a rail-yard by a local operator),
remotely (e.g., at a remote tele-operation facility based on
remote data collection, such as onboard perception and/or
location data from a vehicle; etc.), and/or can be otherwise
determined.

[0074] Navigation commands are preferably pushed from
the Ul (e.g., determined at the behest of a user/operator
and/or based on fleet level optimizations), but can addition-
ally or alternatively be determined in response to vehicle
intervention requests (e.g., requesting remote assistance,
intervention, operation; based on a request from a vehicle or
dispatch system), based on a periodic update request, and/or
with any other suitable frequency/timing.

[0075] Additionally or alternatively, the motion planner
can automatically determine commands (e.g., for recurrent,
automated operation).

[0076] As a first example, navigation commands can be
determined at the user interface by user selection of way-
points (e.g., in an overlayed satellite image or GPS refer-
enced map) which are GPS referenced. The waypoints can
be select from a waypoint database and/or can be generated
using an external database or map data service (e.g., a
satellite map of Earth; a railroad authority map; etc.). In an
illustrative example, a user can select which track-adjacent
warehouse or maintenance station they want a train to stop
at (or a waypoint generated based on the track feature
location), wherein the location of the track-adjacent ware-
house or maintenance station is used as the waypoint.
[0077] In variants, determining navigation commands
S1lo can optionally include a set of operational parameters
(e.g., target speed, speed limit, traversal direction), or may
otherwise exclude operational parameters altogether (e.g.,
where operational parameters can be separately derived
from track map data, such as advisories and bulletins, during
subsequent method steps; where operational parameters may
not be unutilized; etc.).

[0078] However, the navigation command(s) can be oth-
erwise determined.

[0079] Dispatching a vehicle based on the navigation
command S120 functions to dispatch a vehicle to facilitate
execution of the navigation command. S120 can include:
transforming the vehicle command into dispatch instructions
(ak.a., a vehicle command) based on versioned track geom-
etry; optionally granting vehicle authority; and providing
dispatch instructions (e.g., in the form of a vehicle com-
mand) to the vehicle.

[0080] Transforming the navigation command into dis-
patch instructions (a.k.a., vehicle command) based on ver-
sioned track geometry functions to translate the waypoint-
based vehicle command into track-geometry-referenced
instructions which are referenced against an (updated) ver-
sion of the track geometry (e.g., which is commonly avail-
able to the motion planner and the vehicle controller, allow-
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ing for track-geometry-referenced navigation and control
based on the instructions in subsequent portions of the
method). For example, track feature locations along the
versioned track geometry can be defined by “track coordi-
nates” which are specific to a track geometry version, and
referenced with a segment identifier and a forward distance
(e.g., which can be held accurate to a millimeter, centimeter,
etc.). The forward distance of a segment can be defined by
the estimated distance (e.g., linear; path length along a
polynomial path; etc.) from the start point of a segment to
any other location on the segment. Additionally or alterna-
tively, track coordinates can be indexed, interpolated (e.g.,
linearly between nodes; as a fraction of the segment), and/or
can be otherwise defined.

[0081] In some variants, the vehicle command can be
transformed into track geometry by ‘linearizing’ the way-
point (e.g., in the form of a 2D+ GPS coordinate point for
a geographic location) into a track-referenced geometry;
which may be thought of as a set of paths (e.g., 1 dimen-
sional; where all points along the path may be referenced as
a distance along the path/segment; an example is shown in
FIG. 4). The linearization algorithm can take a GPS coor-
dinate (e.g., waypoint) as an input and determine the nearest
track feature location within some search radius (e.g., an
example is shown in FIG. 5; the search radius can be: 10 cm
radius, 50 cm radius, 1 meter radius, 1.5 meter radius, 3
meter radius, 5 meter radius, any open or closed range
bounded by the aforementioned values, selected/adjusted
based on the context and/or sensitivity to precision/accuracy,
etc.). If the track cannot be found within the “search radius”
of'the GPS coordinate, the linearization algorithm can return
an error (e.g., which can be provided as feedback to the UT;
allowing a user/operator to update the waypoints, for
example). If multiple pieces of track are identified within the
search radius they can be returned as a list (e.g., ordered
from closest to farthest) and/or a selected track segment can
be returned (e.g., closest segment can be returned) for use in
control according to S130.

[0082] Additionally or alternatively, waypoints can be
transformed into dispatch instructions associated with ver-
sioned track geometry by a non-linear mapping, searching/
sorting algorithms, classifiers (e.g., neural network based,
GBMs, etc.), decision trees, heuristic and/or scoring-based
approaches (e.g., heuristic searching algorithm), and/or any
other suitable transformations or classification techniques.
However, the vehicle command can be otherwise suitably
transformed into dispatch instructions which are referenced
against the (updated) track geometry version.

[0083] In a first variant, the transformation of the (way-
point-based) commands into track-geometry-referenced can
be performed entirely at the motion planner, such as where
the vehicle can validate the track geometry version prior to
executing dispatch instructions. In a second variant, the
vehicle commands may be transformed into track-geometry-
referenced commands by both the vehicle controller and the
motion planner (e.g., where the dispatching system may
grant authority to the vehicle and relay the waypoint-based
command to the vehicle, with both responsible for trans-
forming the waypoints into track geometry based on the
current version; an example is shown in FIG. 3).

[0084] In some variants, S120 can optionally include
determining a route (e.g., a simple route; a complex route;
etc.) which connects the track-geometry-referenced coordi-
nates with the (current versioned) geometry of the track
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along a single path (e.g., in cases where commands are
associated with multiple sections of track). For example, in
cases where waypoints lie on separate segments of the map
(e.g., with intervening nodes, control points, etc.), S120 can
include determining a route as a sequence of segments (e.g.,
indexed edges and/or nodes) which connect the track-ge-
ometry-referenced coordinates associated with the com-
mand(s). In some variants, routes may be entirely executed
for a single state of each control point (e.g., crossing, switch,
etc.) along the route. Alternatively, complex routes may
cross a control point repeatedly and/or may require a change
in state/status of the control point in order to be traversed
(e.g., where the vehicle dispatch system may not grant
authority for a portion/segment of the route until a change in
state of a control point occurs).

[0085] Routes can be determined from for the versioned
map geometry for track-geometry-referenced coordinates
according to any suitable pathfinding (or pathing) algorithm
for the graph (e.g., weighted based on distance, time, num-
ber of control points, number of switch state changes, etc.),
such as using a hierarchical pathfinding approach. It is
understood that numerous pathfinding approaches/algo-
rithms for a particular map/graph which can be interchange-
ably used in variants of the system and/or method.

[0086] However, S120 can include any other suitable route
determination(s) and/or may alternatively not determine a
route (e.g., in cases where commands may be executed along
a single segment of the current track map).

[0087] In some variants, S120 can optionally include
granting authority (to a vehicle) and/or providing an (exclu-
sive) track reservation to facilitate execution of the naviga-
tional command and/or the dispatch instructions associated
therewith. The motion planner may determine a new track
reservation or update an existing reservation for the vehicle
which grants the vehicle proceed authority to execute the
dispatch instructions and/or operate within the region of
track associated with the dispatch instructions. The motion
planner can provide track reservation and/or update track
reservation for the vehicle based on the dispatch instruc-
tions: once, repeatedly, periodically, and/or with any other
suitable frequency/timing. As an example, the motion plan-
ner can impose rules on new/updated authority grants and/or
reservations, such as a requirement that only one reservation
exists for each region of track, to impose collision con-
straints and/or reduce operational risk factors. As a second
example, nonexclusive with the first, the motion planner can
repeatedly issue warrants to facilitate operation as described
in U.S. application Ser. No. 17/732,143, filed 28 Apr. 2022,
which is incorporated herein in its entirety by this reference.
As a third example, the motion planner can provide track
reservations and/or warrants (e.g., micro-warrants and/or
macro-warrants) as described in U.S. application Ser. No.
18/373,225, filed 26 Sep. 2023, which is incorporated herein
in its entirety by this reference. However, the dispatching
system can otherwise determine, assign, and/or update war-
rants in conjunction with S120, and/or can otherwise grant
authority to vehicles operating within the rail network.
Alternatively, the system and/or method can operate without
new authority grants or modification to existing authority
grants in S120 (e.g., where a vehicle may have full
autonomy and authority to operate within a secure region of
track, for example).

[0088] In variants, vehicle commands, track reservations,
and/or authority grants can be based on: track coordinates
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(e.g., relative to a map version; received from the vehicle),
track information/conditions (e.g., control point status, a
switch state associated with the warrant, etc.), a route (e.g.,
control point dependencies thereof), and/or any other suit-
able data/information. For example, authority grants can be
issued for a route (e.g., connecting track coordinates on the
versioned map) or a portion thereof (e.g., sub-route with
single set of required switch states, a predetermined track
distance along the route, a dynamically determined distance
along the route, etc.). S120 can include providing dispatch
instruction to the vehicle. The provided dispatch instructions
can include: the (waypoint-based) navigation command or a
sub-portion thereof, track geometry referenced move-to-
location commands (e.g., transformed from waypoint-based
move-to-location commands), a warrant (e.g., new, updated,
etc.; an authority grant), a version parameter associated with
the track geometry version (e.g., checksum; timestamp of
most recent update; etc.), and/or any other suitable param-
eters. Additionally, dispatch instructions can include track
data (e.g., from the track database, such as track features,
track conditions, and/or any other suitable track data) and/or
the vehicle can separately retrieve/access this data to facili-
tate execution in accordance with Block S130.

[0089] Dispatch instructions can be provided to the
vehicle: once, repeatedly, periodically, immediately in
response to dispatch instruction generation (or authority
grant provision), after completion of a prior dispatch instruc-
tion and after authority confirmation for the next dispatch
instruction (and/or after confirmation that a control point
state matches the required state for the route), and/or with
any other suitable timing. As an example, dispatch instruc-
tions to facilitate execution of a complex command (e.g.,
having multiple sub-commands, having a plurality of way-
points; requiring a switch state change to facilitate execu-
tion; an example is shown in FIG. 7) can be determined and
provided to the vehicle: once, iteratively (e.g., upon a receipt
of confirmation that a sub-command has been completed or
an intermediate waypoint has been reached), repeatedly, in
response to receipt of a map version update, and/or with any
other suitable timing/frequency.

[0090] In variants, the dispatch instructions can include a
target trajectory in track coordinates (e.g., timeseries of
linearized track coordinates; where the vehicle controller
aims to track the target trajectory).

[0091] However, vehicles can be otherwise suitably dis-
patched and/or dispatch instructions can be otherwise deter-
mined/provided by the dispatching system.

[0092] Controlling the dispatched vehicle functions S130
to facilitate execution of the command. As an example, the
dispatched vehicle can be controlled based on dispatch
instructions as described in U.S. application Ser. No. 17/732,
143, filed 28 Apr. 2022, and/or U.S. application Ser. No.
18/373,225, filed 26 Sep. 2023, each of which is incorpo-
rated herein in its entirety by this reference. As a second
example, the vehicle controller can autonomously execute
the commands and/or dispatch instructions based on infor-
mation received from the dispatch system and/or the track
data system.

[0093] In variants, S130 can optionally include validating
the dispatch instructions, which functions to verify/validate
that the dispatch instructions and/or vehicle navigation/
control are based on the current, most up-to-date version of
the track geometry. The dispatch instructions are preferably
validated based on a version parameter associated with the
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track map, such as by performing a checksum and/or other
validation/verification measure. As an example, if the track
geometry is updated between dispatch instruction generation
in accordance with Block S120 and execution in S130
(and/or if the vehicle controller and the dispatch system are
accessing different versions of the track map), the vehicle
can invalidate the dispatch instructions (e.g., which may
lead to the vehicle remaining in place, continuing to operate
based on a prior set of instructions, entering a holding
pattern, awaiting updated instructions and/or an updated
map version, etc.). However, the dispatch instructions can be
otherwise suitably validated prior to execution of the dis-
patch instructions and/or commands.

[0094] However, commands can be otherwise executed
and/or vehicles can be otherwise suitably controlled within
the rail network.

[0095] Alternative embodiments implement the above
methods and/or processing modules in non-transitory com-
puter-readable media, storing computer-readable instruc-
tions. The instructions can be executed by computer-execut-
able components integrated with the computer-readable
medium and/or processing system. The computer-readable
medium may include any suitable computer readable media
such as RAMs, ROMs, flash memory, EEPROMs, optical
devices (CD or DVD), hard drives, floppy drives, non-
transitory computer readable media, or any suitable device.
The computer-executable component can include a comput-
ing system and/or processing system (e.g., including one or
more collocated or distributed, remote or local processors)
connected to the non-transitory computer-readable medium,
such as CPUs, GPUs, TPUS, microprocessors, or ASICs, but
the instructions can alternatively or additionally be executed
by any suitable dedicated hardware device.

[0096] Embodiments of the system and/or method can
include every combination and permutation of the various
system components and the various method processes,
wherein one or more instances of the method and/or pro-
cesses described herein can be performed asynchronously
(e.g., sequentially), concurrently (e.g., in parallel), or in any
other suitable order by and/or using one or more instances of
the systems, elements, and/or entities described herein.

[0097] As a person skilled in the art will recognize from
the previous detailed description and from the figures and
claims, modifications and changes can be made to the
preferred embodiments of the invention without departing
from the scope of this invention defined in the following
claims.

We claim:

1. A method for waypoint-based rail navigation compris-
ing:

determining a waypoint-based command comprising a set
of instructions associated with traversal to a destina-
tion, the destination comprising a GPS location of a
predetermined feature of a rail network selected, at a
user interface, from an aerial image overlay of the rail
network;

determining an updated track geometry version compris-
ing a version identifier and a set of nodes and edges,
each node indexed in association with a GPS location,
each edge extending between a pair of nodes;

storing the updated track geometry version at a memory
onboard the rail vehicle;
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at a centralized motion planner, commanding the rail
vehicle in track-geometry-referenced coordinates,
comprising:
transforming the destination into a track-geometry-
referenced position comprising a linearized distance
along an indexed track edge of the track geometry;
and

autonomously controlling the rail vehicle based on the

track-geometry-referenced coordinates, comprising:

at the rail vehicle, validating that the track-geometry-
referenced coordinates are associated with the ver-
sion identifier of the updated track geometry version;
and

controlling the vehicle on based on the track-geometry-
referenced position.

2. The method of claim 1, wherein transforming the
destination into a set of track-geometry-referenced coordi-
nates uses a heuristic search algorithm.

3. The method of claim 1, wherein the waypoint-based
commands and the predetermined feature are independent of
the map version.

4. The method of claim 1, wherein the waypoint-based
command is determined before the track geometry version
update.

5. The method of claim 1, wherein the GPS location of the
predetermined feature is determined prior to determining the
updated track geometry version.

6. The method of claim 1, wherein the rail vehicle is
commanded according to a timeseries of track-geometry-
referenced coordinates.

7. The method of claim 1, wherein validating the asso-
ciation with the version identifier comprises a checksum
validation or a hash validation.

8. A method for waypoint-based rail navigation compris-
ing:

determining a track geometry for a region of a rail

network;
determining a set of waypoint-based commands in an
Earth coordinate frame,

wherein the set of waypoint-based commands are inde-
pendent of the track geometry, wherein the set of
waypoint-based commands are associated with naviga-
tion to a destination; and

controlling the rail vehicle according to the set of way-

point-based commands, comprising:

transforming the destination into a track-geometry-
referenced position comprising a linearized distance
along an indexed track edge of the track geometry.
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9. The method of claim 8, wherein transforming the
destination into a track-geometry-referenced position com-
prises performing a search, within a predetermined radius,
for a nearest track segment.

10. The method of claim 9, further comprising: based on
the search, requesting user intervention, via a user interface
(UD), in response to a lack of track segments within the
predetermined radius.

11. The method of claim 8, wherein the set of waypoint-
based commands are associated with locations of a set of
predetermined track features in the Earth coordinate frame.

12. The method of claim 11, wherein the set of predeter-
mined track features comprises: a switch, a crossing, and a
signal.

13. The method of claim 8, wherein controlling the rail
vehicle comprises: with an autonomous controller onboard
the vehicle, controlling the rail vehicle based on a timeseries
of track-geometry-referenced positions.

14. A method for waypoint-based rail navigation com-
prising:

determining a track geometry comprising a set of indexed

track nodes and indexed track edges, the track geom-
etry associated with a version identifier, each indexed
track node and track edge defined in an Earth coordi-
nate frame;

determining a waypoint in the Earth coordinate frame;

transforming the waypoint into a track coordinate com-

prising a linearized distance along an indexed track
edge of the track geometry; and

autonomously controlling a rail vehicle based on the track

coordinate and the version identifier.

15. The method of claim 14, wherein the waypoint is
determined independently of the track geometry.

16. The method of claim 14, wherein the rail vehicle is
autonomously controlled according to a timeseries of track
coordinates.

17. The method of claim 14, wherein the waypoint is
determined by a manual selection from an image overlay of
the track geometry.

18. The method of claim 14, wherein the waypoint is
selected from a predetermined array of indexed track fea-
tures in an Earth coordinate frame.

19. The method of claim 14, further comprising, at a
centralized planner: granting proceed authorization to the
rail vehicle based on the track geometry; and maintaining a
motion plan for the rail vehicle based on the waypoint in the
Earth coordinate frame.

20. The method of claim 19, wherein the proceed autho-
rization is based on the version identifier.
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