wo 2010/096730 A1 I T IA0FO 0 OO R YO

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

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 AN 0000 1.0 OO 00O 0O 00
ernational Bureau S,/ ‘ 0 |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
26 August 2010 (26.08.2010) WO 2010/096730 A1
(51) International Patent Classification: (74) Agents: KRAMER, John, A. et al.; GENERAL ELEC-
B61L 15/00 (2006.01) TRIC COMPANY, Global Patent Operation, 2 Corporate

Dri ite 648, Shelt T 06484 .
(21) International Application Number: rive, Suite 648, Shelton, C (US)

PCT/US2010/024844 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
20 February 2010 (20.02.2010) CA., CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(25) Filing Language: Enghsh DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
12/390,654 23 February 2009 (23.02.2009) US NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU;, SC, SD,
61/177,257 11 May 2009 (11.05.2009) US SE, G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
12/538,608 10 August 2009 (10.08.2009) US TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): GEN- (84) Designated States (unless otherwise indicated, for every
ERAL ELECTRIC COMPANY [US/US]; 1 River kind of regional protection available): ARIPO (BW, GH,
Road, Schenectady, NY 12345 (US). GM, KE, LS, MW, MZ, NA, SD, SL, $Z, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI,

(72) Inventors; and TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(75) Inventors/Applicants (for US only): GOODERMUTH, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Todd [US/US]; 699 Hedgecock Square, Satellite Beach, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
FL 32937 (US). HOOKER, Richard [US/US]; 1215 TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Winesap Drive, Erie, PA 16509 (US). SHAFFER, ML, MR, NE, SN, TD, TG).

Glenn, Robert [US/US]; 3618 Dominic Drive, Erie, PA .
16506 (US). KUMAR, Ajith, Kuttannair [US/US]; 528 Declarations under Rule 4.17:

Domna Drive, Erie, PA 16509 (US). LAWRY, Brian, D. — as to applicant’s entitlement to apply for and be granted
[US/US]; 3029 Springland Terrace, Erie, PA 16506 (US). a patent (Rule 4.17(i1))

LINEBACH, Mark, Alan [US/US]; 5440 Blenner Road,

McKean, PA 16426 (US). as to the applicant's entitlement to claim the priority of

the earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: SYSTEM AND METHOD FOR CONTROLLING A POWERED VEHICLE

B ekl H
H Applizations '
} H
i H
 — Application 1 -
; !
3 H
i ! 48
. Apphicaiion 2 ——
1 | | ——
; (| 54 ¢
- Application 3 . (\' N
Cantrol i Clopen | Coml o
System f\’“ ! 2 Manager
i - Application 4 i -
i 1]
Brivate Data Open| ¢ 4
8 7 Manager | 574 H E r‘"/
A_ASana & _*__l; - Application 5 —+ 58
50 : E
H
. Other Appiications »——E—
: :
3 1]
e ek

FiG. 4

(57) Abstract: An operating system for controlling a powered vehicle includes a plurality of controllers or other control subsys-
tems and a communication system. The control subsystems are onboard the powered vehicle for controlling multiple operations of
the vehicle. At least one of the control subsystems has a memory in which vehicle control system data is stored and the data is ac-
cessible and used by one or more of the other control subsystems for controlling vehicle operations. The communication system
controls the sharing of the data across the plurality of control subsystems on the vehicle, and includes an open defined interface
unit configured so that the control subsystems may access the data in a common defined manner with predictable results.



WO 2010/096730 A1 I 000 )00 U0 PO RO

Published:
—  with international search report (Art. 21(3))



WO 2010/096730 PCT/US2010/024844

SYSTEM AND METHOD FOR CONTROLLING A POWERED VEHICLE
BACKGROUND OF THE INVENTION

Embodiments of the invention relate to control and communication systems in a

locomotive or other powered vehicle.

In addition to the system producing motive power, a locomotive or other powered
vehicle will typically include a plurality of other subsystems that perform different
functions, such as, but not limited to, distributed power operations, energy
management applications, train (or other vehicle consist) control applications, vehicle
management system applications, display and event recorder applications, brake
control system applications, etc. Such subsystems are oftentimes not seamlessly

integrated, resulting in system inefficiencies.

Vehicle operators and owners would benefit from a vehicle operating system or
method that provides for better integration and communication between control

subsystems in a vehicle.
BRIEF DESCRIPTION OF THE INVENTION

An embodiment of the present invention relates to an operating system for controlling
multiple operations of a powered vehicle (i.e., the operating system is a vehicle
operations control system). The operating system includes a plurality of controllers or
other control subsystems and a communication system. The control subsystems are
onboard the powered vehicle for controlling multiple operations of the vehicle. At
least one of the control subsystems has a memory in which vehicle control system
data and/or other vehicle data is stored and the data is accessible and used by one or
more of the other control subsystems for controlling vehicle operations. The
communication system controls the sharing of the data across the plurality of control
subsystems on the vehicle, and includes an open defined interface unit configured so
that the control subsystems may access the data in a common defined manner with
predictable results. Thus, in one aspect, “open defined interface” refers to an interface

between systems/subsystems in a vehicle (as effectuated by the interface unit) for the



WO 2010/096730 PCT/US2010/024844

exchange of vehicle control system data and/or other vehicle data or other data, which
is open for access by a plurality of applications in a common, defined manner.
“Predictable” results means the control subsystems are aware of the operational
structure and protocol of the open defined interface, and therefore able to operate with
a priori knowledge of what will happen when they interact with or operate according

to the open defined interface.

Another embodiment relates to an operating system, onboard a powered vehicle, for
controlling multiple operations of the powered vehicle. The operating system
comprises a communication system for controlling sharing of data across a plurality
of subsystems on the vehicle. The communication system comprises an open defined
interface unit configured so that a plurality of applications may access vehicle control
system data and/or other vehicle data in a common defined manner with predictable

results.

Another embodiment relates to a method for controlling a powered vehicle. The
method comprises autonomously managing a transmission of data from a vehicle
control system to a plurality of applications, between the plurality of applications,
from a sensor to one or more of the plurality of applications, from a communication
management unit to the plurality of applications, and/or from off-board the vehicle to
the plurality of applications. The method further comprises autonomously managing
a transmission of data received from the plurality of applications to determine which
application data is provided to the vehicle control system. The method further
comprises operating the vehicle based on the application data provided to the vehicle

control system.

Another embodiment relates to an operating system, onboard a powered vehicle, for
controlling multiple operations of the powered vehicle. The operating system
includes a plurality of control subsystems onboard the powered vehicle for controlling
multiple operations of the vehicle. At least one of the control subsystems has a
memory in which data is stored and the data is accessible and used by one or more of
the other control subsystems for controlling vehicle operations. The operating system

further includes a communication link between the control subsystems for sharing the
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data stored in the memory of one of the control subsystems to control operations of

the powered vehicle.

In another embodiment, an operating system for a powered vehicle includes a
plurality of control subsystems onboard the powered vehicle for controlling multiple
operations of the vehicle. The operating system also includes a non-distributed
memory in which data is stored. The data relates to operations and control of the
powered vehicle. The operating system also includes a communication link between
the control subsystems and the memory for the control subsystems to obtain the data
from the memory and store the data in the memory. The non-distributed memory is
the sole data storage in the powered system for long term storage of the data for the

plurality of control subsystems.
BRIEF DESCRIPTION OF THE DRAWINGS

A more particular description of the invention briefly described above will be
rendered by reference to specific embodiments thereof that are illustrated in the
appended drawings.  Understanding that these drawings depict only typical
embodiments of the invention and are not therefore to be considered to be limiting of
its scope, the embodiments of the invention will be described and explained with
additional specificity and detail through the use of the accompanying drawings in

which:

FIG. 1 is a schematic illustration of a powered vehicle incorporating an embodiment

of the invention;

FIG. 2 is a schematic illustration of an onboard operating system according to a

second embodiment of the invention;

FIG. 3 is a flow chart of a control method according to an embodiment of the

invention;

FIG. 4 is a block diagram illustrating an exemplary embodiment for distribution of

data between subsystems of a powered vehicle;
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FIG. 5 is a schematic diagram of a control manager, according to an aspect of the

invention;

FIG. 6 is a block diagram illustrating an exemplary embodiment for distribution of

data between vehicle subsystems; and

FIG. 7 is a flowchart illustrating an exemplary embodiment of a method for

distribution of data between vehicle subsystems.
DETAILED DESCRIPTION OF THE INVENTION

Reference will be made below in detail to exemplary embodiments of the invention,
examples of which are illustrated in the accompanying drawings. Wherever possible,
the same reference numerals used throughout the drawings refer to the same or like
parts. Embodiments of the invention can be implemented in numerous ways,
including as a system (including a computer processing system), a method (including
a computerized method), an apparatus, a computer readable medium, a computer
program product, or a data structure tangibly fixed in a computer readable memory.

Several embodiments of the invention are discussed below.

Certain aspects of the invention are described herein with reference to trains and
locomotives that travel over a railroad track. However, unless otherwise specified
(such as in the claims), all the various embodiments set forth herein are applicable to
powered vehicles more generally, including marine vessels, off-highway vehicles, on-
road vehicles, and the like. The term “powered vehicle” as used herein refers to a
vehicle that includes equipment for self-propulsion, which may also have the capacity
for moving other, linked vehicles. (A group of vehicles that are linked to travel
together is a “consist.”) “Non-powered” vehicle refers to a vehicle that is not capable
of self-propulsion. The term “track” as used here shall encompass all different
pathways or routes for a vehicle, such as railroad tracks and other vehicle guideways,
oft-road and oft-highway routes, paved and graded roads and other roads suitable for

on-road travel, and marine routes, unless otherwise specified.
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FIG. 1 is a schematic view of a train 10 (or other vehicle consist) that includes at least
one locomotive 11 (or other powered vehicle) and a plurality of railcars 12 (or other
non-powered vehicles). The locomotive 11 includes an onboard operating/control
system 13 comprising at least two controllers or other control subsystems that control
certain locomotive functions. In the embodiment shown in FIG. 1, the operating
system 13 includes four controllers or other control subsystems 14A, 14B, 14C, and
14B. (“Control subsystem” refers to part of the overall control system of a powered
vehicle, which is configured for carrying out a particular control function in the
powered vehicle; control subsystems may be electronic or electro-mechanical, and
may include microcontrollers or other controllers for coordinating/executing the
control function of the subsystem.) By way of example, controller (or other control
subsystem) 14A may be a tractive control subsystem that generates tractive effort
commands and/or braking effort commands responsive to an operator's request or
otherwise; controller (or other control subsystem) 14B may be an operating coaching
subsystem that assists an operator in maintaining the operation of the locomotive 11
within certain predetermined limits such as a maximum tractive or braking effort,
minimum or maximum acceleration/deceleration rates, speed limits, and operating
sequences for bells and horns; controller (or other control subsystem) 14C may be a
fuel savings subsystem that controls braking and propulsion operations to achieve
fuel, emissions, and noise limits or goals; and controller (or other control subsystem)
14D may be a traffic signal control subsystem that receives and responds to off board
signals such as switching signals, light signals, cab signaling equipment, and speed
restriction signals. Embodiments of the present invention are intended to cover an
onboard operating system of a powered vehicle that includes a plurality of, or at least
two, controllers (or other control subsystems), and is not necessarily limited to the
embodiment shown in FIG. 1 that includes four controllers (or other control
subsystems) unless otherwise specified. One or more of the controllers (or other
control subsystems) 14A-14D may each include a memory 16 in which data is stored
and used by a respective controller (or other control subsystem) to control certain
locomotive or train operations. Such data may include, for example, data relative to a
track database (wherein, as noted above, "track" refers to any designated route), a

train manifest (or, more generally, a vehicle manifest), vehicle operating parameters
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(e.g., train or other vehicle consist operating parameters), and/or wayside traffic signal

status.

More specifically, a track database may include track grade data at various points of
interest along the track, track curvature data, civil speed limits and temporary speed
restrictions, elevation of the track at selected locations, locations of bridges and
tunnels, and the locations of wayside traffic control devices along the track. In the
case of a train, train manifest may include data relative to the identification of the
locomotive 11 and each of the railcars 12 in the train 10, the length and weight of the
train 10, and contents of the railcars. Some railcars may contain materials (e.g.,
hazardous or flammable chemicals) that require special speed restrictions at selected
locations along the track. So the train manifest data may also have data relative to
speed restrictions. In addition, or alternatively, such speed restriction and materials

data may be stored in the track database.

The data in the track database remains relatively constant with the exception of
perhaps the temporary speed restrictions, which may be updated as often as necessary.
In an embodiment, the track profile data may be entered directly in the onboard
operating system 13 and control subsystems 14A-14D from a single source such as
the railroad or track company. Alternatively, or in addition, one or more vendors of
the control subsystems 14A-14D may obtain the track profile data from a railroad or
track owner and enter the data. In as much as the train (or other vehicle) manifest
data may change from day to day, or from trip to trip, the train manifest data may be

provided at a dispatch center.

FIG. 2 is a schematic view of a system and method for transmitting data, such as
track profile data and train/vehicle manifest data, from an off-board memory to an
onboard storage device. More specifically, such a system may provide for the
wireless transmission or other communication of data to be stored in a memory
onboard the locomotive or other powered vehicle 11. The track profile data and train
(or other vehicle) manifest information is typically stored on a first computer
module/server 20 operated by entities that own and/or operate the locomotive 11 and

trains 10 (or other vehicle or vehicle consist), or that own the track system on the
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which the trains 10 travel. A second computer module/server 21 is provided and
linked to the first server 20 and is allowed limited access to the first server 20 in order
to access the track profile data and train manifest data. The servers 20 and 21 may be
linked via the Internet, local area networks, direct cable links, etc. The second server
21 may be located at the same train station or other location as the first server 20, or it
may be remotely located elsewhere at another business site or other location, or it
could be located onboard the locomotive or other vehicle 11. A communication
modem or other communication device 22 may be provided for the wireless
transmission of data between off-board devices and on-board systems, via satellite,

Wi-Fi, wireless LAN, or other wireless data transmission capabilities.

Data is transmitted via signal 23 to the onboard operating system 13 of the locomotive
(or other vehicle) 11. A vehicle operator 26 or other person that accesses the first
server 20 via the second server 21 (or vice-versa) may provide an access or
verification code; or, one of the servers 20, 21 may be configured to provide a
verification of the user to allow access to the data for transmission. (Thus, the system
includes at least one verification access code associated with the vehicle and/or an
operator of the vehicle to access and transmit data from an off-board memory (the
server) to the onboard operating system of the vehicle; in an embodiment, a valid
verification access code must be provided for accessing and/or transmitting data.) In
an embodiment shown in FIG. 2, the data transmitted may be stored in a central
database 24, and each of the control subsystems 14 can access the database 24 to
obtain the information necessary for the operation of a respective controller or other

control subsystem.

With respect to the embodiment as shown in FIG. 1, the transmitted data may be
stored in the respective control subsystems 14A-14D. More specifically, the data may
be parceled so that data used by one or more of the control subsystems 14A-14D is
stored in local control subsystem memory 16 or a data storage device for the control
subsystems 14A-14D. For example, control subsystem 14A may utilize track grade
data more frequently than the other control subsystems 14B-14D, so the track grade
data is stored in memory 16 of control subsystem 14A. Thus, embodiments of the
invention relate to distributing and storing vehicle operational data among various

7
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control subsystems of the vehicle, based on the relevancy of the data to the particular
subsystem. For example, if a first data set is most relevant to a first control subsystem
(e.g., the first data set is most likely to be used by the first control subsystem, as
opposed to the other control subsystems, and/or the first data set contains data
relevant to operations of the first control subsystem), and a second data set is most
relevant to a second control subsystem, then the first data set may be stored at the first
control subsystem and the second data set may be stored at the second control
subsystem. (This would not necessarily preclude use of the data sets by other control
subsystems, or that the data sets may be relevant, to a lesser extent, to other control

subsystems.)

Data other than the track profile data and the train (or other vehicle) manifest
information may be used with the disclosed system. Such data may include data that
is acquired or stored during operation of the locomotive (or other powered vehicle)
and/or data acquired while the train 10 (or other powered vehicle or vehicle consist) is
traveling on the track. For example, data relative to locomotive/train (or other
vehicle) operating conditions (altitude, vehicle position, ambient pressure,
temperatures, dynamic braking information, horsepower, etc.), vehicle health, health
of operating components on the locomotive or railcars or other vehicle, or
wayside/signal information is stored during the operation of the locomotive 11 or train
10 (or other vehicle). Data relative to the location of the locomotive 11 (or other
vehicle) on the track 15 may be received via a GPS transceiver 28. This information
may be stored in one or more of the control subsystems 14A-14E. As discussed
above, the data may be grouped and stored, or discrete data elements/pieces may be
stored in a memory 16 of a respective control subsystem 14A-14D that uses the data
the most often. For example, the data relative to health of the locomotive 11 (or other
vehicle) or vehicle components may be stored in the memory 16 of a diagnostics

controller or other diagnostics control subsystem.

The operating system 13 and controllers or other control subsystems 14A-14D may be
configured to communicate or share data stored in their respective memories 16
through a local area network (LAN) system that incorporates Ethernet, Wi-Fi, or
similar technologies, or through another type of communication link or system that

8
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allows for communication between the various control subsystems. In an
embodiment shown in FIG. 1, a communication system 25 (which may be an
integrated component or functional aspect of one of the control subsystems14A-14D)
is provided between control subsystems 14A-14D. The communication system
provides a direct communication connection between any two or more control
subsystems for sharing data stored in the memories 16 in the respective any two or
more control subsystems. If more than two control subsystems 14 are used, then each
control subsystem 14A-14D may be configured to know which control subsystem
contains what data. For example, a control subsystem may be programmed to include
data relative to the identity of each control subsystem in the operating system and the

type of data stored in the memory 16 of each respective control subsystem.

In the embodiment shown in FIG. 1, the communication system 25 may include a
communication router that is programmed to direct commands or requests for data
from each control subsystem 14 to the appropriate control subsystem memory 16 that
has the requested stored data. That is, the router 25 is programmed to identify the
control subsystem 14A-14D and respective memory upon request. In this manner, the
control subsystems 14A-14D are able to share track profile data and train (or other
vehicle) manifest data, which data is the same for each control subsystem. Moreover,
the data contains the most recent updates that are shared among the control

subsystems 14A-14D.

FIG. 3 is a flowchart illustrating the steps of a method for controlling multiple
operations of a powered vehicle having an onboard operating system, according to an
embodiment of the invention. In step 30, a train (or other vehicle) operator or some
other authorized individual may access the station (or other off-board) server 20 by
entering a verification access code that allows the operator to access the server 20
from the locomotive (or other vehicle) 11. The operator 26 may also provide a
vehicle identifier so the server 20 may access the track profile data and train (or other
vehicle) manifest data associated with the vehicle identifier. In step 32, the data is
transmitted to the onboard operating system 13. In addition, the operator 26 may
review portions of the data, such as the vehicle identifier, the track sections, some of
the railcar 12 identifiers, and/or a date at which the data was last updated, to verify

9
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that the train (or other vehicle) manifest data and track profile data is current. With
respect to steps 34 and 36, once the operator has verified that the data is up to date,
the data is transmitted from station (or other off-board) server 20 to the onboard
operating system 13. During operation of the locomotive (or other powered vehicle)
11, and in steps 38 and 40, control subsystems are able to communicate via a wireless
network, by identifying a control subsystem 14A-14D and portions of data needed to
transmit the updated data between control subsystems 14A-14D.

Embodiments of the invention may also include a computer readable memory media
for controlling operations a powered vehicle, such as a locomotive, that includes an
onboard operating system comprising a plurality of controllers (or other control
subsystems) onboard the powered vehicle for controlling operations of the vehicle. A
computer module is provided for storing data relating to the operations of the vehicle,
which is accessible and used by at least two of the control subsystems for controlling
vehicle operations. In addition, a computer module is provided for controlling
transmission of data between the at least two control subsystems to control operations
of the powered vehicle. The computer readable memory media may also comprise a
computer module for identifying a control subsystem and pieces of data stored in the
memory of the control subsystem and a computer module for transmitting the pieces

of data from the identified control subsystem to a requesting control subsystem.

The computer readable memory media may be used in conjunction with the operation
of a locomotive and train (or other powered vehicle or vehicle consist) and includes a
computer module for storing data including train (or other vehicle) manifest data
and/or a track database. The track database includes track profile data in a data
storage device off-board the locomotive (or other powered vehicle). A computer
module transmits at least a portion of the data to the operating system onboard the
locomotive (or other powered vehicle) for storage. A computer module may be
provided for entering an access verification code to access data stored in the off-board
data storage device, and the data is transmitted to the operating system onboard the
powered vehicle upon request. (In an embodiment, a correct access verification must

be entered/provided to access and/or transmit data.) In addition, a computer module

10
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accesses manifest and track profile data associated with a locomotive (or other

vehicle) 12 responsive to entry of the vehicle identifier.

Another embodiment relates to an operating system, onboard a powered vehicle, for
controlling multiple operations of the powered vehicle. In this embodiment, the
operating system comprises a plurality of controllers or other control subsystems
onboard the powered vehicle for controlling multiple operations of the vehicle. The
system also comprises a non-distributed memory in which data is stored. The data
relates to operations and control of the powered vehicle. The system also includes a
communication link or system between the controllers (or other control subsystems)
and the memory for the controllers to obtain the data from the memory and store the
data in the memory (i.e., read/write operations). The non-distributed memory is the
sole data storage in the powered system for long term storage of the data for the
plurality of controllers. “Non-distributed” memory refers to a memory that is
logically contained within a single system entity, such as a stand-alone database,
computer, or memory unit. “Long term” storage refers to non-temporary or non-
transitory data storage, such as in a hard disk, flash storage, or other non-volatile
memory, as opposed to cache or other processor memory or local data storage that
temporarily stores data for processing purposes. Thus, as should be appreciated, the
non-distributed memory of this embodiment in effect comprises a sole and centralized
database, accessible for data retrieval and storage by the plural controllers, for storing
operations and control data in the powered vehicle for the controllers. (This
embodiment does not preclude an additional stand-alone processor and associated
long-term memory for the stand-alone processor; however, the non-distributed
memory of the above-described embodiment is the sole long-term data storage for the
plurality of controllers connected to the non-distributed memory through the

communication link or system.)

In another embodiment, the non-distributed memory is the sole data storage in the
powered vehicle for the long-term storage of data for each and every controller (or
other control subsystem) in the powered vehicle. Thus, the powered vehicle includes
a plurality of controllers (or other control subsystems), wherein the plurality of
controllers (or other control subsystems) comprises each and every controller (or

11
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other control subsystem) in the powered vehicle, which are connected to the non-

distributed memory by way of a communication link or system.

Another embodiment relates to an operating system, onboard a locomotive, for
controlling multiple operations of the locomotive. The operating system comprises a
first controller (or other control subsystem) for controlling a positive train control
system of the locomotive. The operating system also comprises a second controller
(or other control subsystem) for controlling an operator coaching and/or operator
interface system of the locomotive. The operating system further comprises a third
controller (or other control subsystem) for controlling a trip planner and/or fuel
savings system of the locomotive. The operating system still further comprises a
memory and a communication link or system. Locomotive operations data is stored
in the memory for each of the positive train control system, the operator coaching
and/or operator interface system, and the trip planner and/or fuel savings system. The
communication link or system is between the controllers and the memory, and allows
the controllers to obtain the operations data from the memory and store the operations
data in the memory. In an embodiment, the memory is a non-distributed memory, and
the non-distributed memory is the sole data storage in the locomotive for long term
storage of the operations data for the plurality of controllers and the positive train
control system, the operator coaching and/or operator interface system, and the trip

planner and/or fuel savings system.

Other embodiments of the present invention relate to a system, method, and computer
software code for controlling sharing of data across a plurality of subsystems on a
locomotive or other powered vehicle (such as the subsystems 14A-14D described
above), for purposes of controlling the vehicle. The system is an operating system
(for controlling a vehicle) that comprises a communication system having an open
defined interface unit configured so that a plurality of applications may access
locomotive (or other powered vehicle) control system data in a common defined
manner with predictable results. Thus, in one aspect, “open defined interface” refers
to an interface between systems/subsystems in a locomotive (as effectuated by the
interface unit) for the exchange of locomotive (or other vehicle) control system data
and/or other data, which is open for access by a plurality of applications in a common,

12



WO 2010/096730 PCT/US2010/024844

defined manner. Each “application” may be a controller or other control subsystem,
or a process, functional aspect, or other sub-portion of such a controller or other
control subsystem (e.g., an application may be encoded program instructions running

on the controller or other control subsystem).

FIG. 4 is a block diagram illustrating distribution of data between a control system 13
(or control subsystem) and applications 42. (Although the applications 42 are shown
as being separate from the control system 13 in FIG. 4, it may instead or additionally
be the case that the applications are part of the control system, such as if the
applications are part of the control subsystems 14 shown in FIGS. 1-2)) The
applications 42 are in communication with a data management unit, data distribution
unit, or data manager 44. The terms “data management unit,” “data distribution unit,”
and “data manager” are interchangeable terms since such units are configured to
manage a distribution of data. (The data manager 44 may be part of the
communication system 25, or it may be a separate entity; in an embodiment, there is
one management and communication entity that performs the functions of the data
manager 44 and communication system 25 described herein.) The underlying
embodiment is an open defined interface so that any application may access
locomotive (or other vehicle) control system data or other vehicle data in a common
defined manner with predictable results. For example, certain applications may be
considered source applications, while other applications may be considered service
applications, where a service application may request data from either a source
application or another service application, and a source application may request data
from either a service application or another source application. (Source and service
applications are described in more detail below.) In one embodiment, a common
communication standard may utilize shared memory, such as provided with a
communication management unit (CMU) as illustrated in FIG. 6, or in another
embodiment as provided with an independent data management unit, or data
distribution unit, as illustrated in FIG. 4. The communication may include requests
between service applications and source applications, and/or transfer of data

associated with maintaining and/or operating the locomotive (or other vehicle).

13



WO 2010/096730 PCT/US2010/024844

For example, Application 1 of the plurality of applications 42 may be notified
depending on whether other service applications and/or source applications are
functioning or are not functioning. Once an application is functioning (more
specifically, once an application is recognized through the communication standard),
information from that application is identified to the other applications, and
information from the now recognized application is available to the other applications.
Thus, information from the other applications may be used by Application 1 as it

performs its intended function.

In an embodiment, the communication requests may be accomplished with a
“publish” and “subscribe” concept (control scheme). The source applications are
considered publishers, which declare to send and then publish data available by or
from the source application. The service applications are considered subscribers,
which declare (request) to receive data and where the data requested is autonomously
delivered.  Some applications may be both source applications and service
applications. The term “autonomous” is defined as being able to perform an intended
function with none to minimum operator (e.g., human operator of a locomotive) input.
In an embodiment, “autonomous” is limited to performing an intended function

without any operating input.

The communication requests are communicated through a communication standard,
as implemented on or as part of one or more system components, e.g., the data
manager 44 or otherwise. An example of a communication standard is a data-
distribution service for real-time systems (DDS) standard. The DDS standard is a
middleware standard that directly addresses publish-subscribe communications for
real-time and embedded systems. The DDS standard provides for a virtual global data
space where applications 42 can share information by simply reading and writing
data-objects addressed by means of an application-defined name, or topic, and/or a
key that is unique to a specific application. Use of the DDS standard provides for
extensive control of quality of service parameters, such as but not limited to
reliability, bandwidth, delivery deadlines, and resource limits. Thus, the

communications between the service applications and source applications are able to
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provide for one-to-many data transfers, many-to-one data transfers, many-to-many

data transfers, topic-based data transfer, and/or multi-rate message transfer.

In another embodiment, a data dictionary is provided which defines all data available
from a control manager 46, described in further detail below. The data dictionary
may be unique to each type of locomotive (or other vehicle). The sort of information
contained within the data dictionary may include, but is not limited to, specified
frequencies at which data is delivered. For example, some data may be provided at 1
Hertz (Hz), while other data is provided at 10 Hz, and still other data is provided at
0.2 Hz. A data dictionary may also be provided that defines data available to at least
one of the plurality of applications and/or a command request available from the
control manager unit. The data is provided based on a relative priority of the
applications, after validating the authority of the application to receive the requested
data. The data manager 44 maintains the authority level of each application to receive

certain classes of data and its relative application priority.

Though the term “source application” and “service application” are used above, each
of these terms may be used interchangeably with respect to how a certain application
is being used at any given time. Therefore, for simplicity, “application” will be used

instead of these more specific terms.

The data manager 44 may be a standard locomotive standard integration (“LSI”’) box
or hardware with appropriate processor and software applications. The data manager
44 allows for the applications 42 to request and be supplied with data where the data
may be from the data manager 44, sensors 48, information from off-board the
locomotive (such as but not limited to information from a remote track database),
and/or data from other applications 42. To perform this function, the data manager
44, a control system 13 of the locomotive, and each application 42 are in
communication directly or indirectly. Some or all of the communication functions of
the data manager 44 may be performed through a finite sequence of instructions, an
explicit, step-by-step procedure for solving a problem, or an algorithm, that performs

its functions in a processor 50 that is a part of the data manager 44. (Alternatively or
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in addition, functions of the data manager may be performed by a controller or other

control subsystem 14.)

Any one of the on-board applications 42 can request data. Data would then be
provided at a specific frequency, as provided by the control system 13 (or a controller
or other control subsystem) and the data manager 44. In an embodiment, the specific
data and frequency available are published so that application designers can design
applications 42 to operate within these limitations. The data manager 44 may also be
configured to include distribution of dynamic wayside data that may include, but is
not limited to, data associated with signal aspect, switch position, crossing gate

position, etc.

Information, or data, is provided from the control system 13, through the data
manager 44 to the applications 42. The communication connection between the data
manager 44 and the control system 13 is through a private interface 52. All of the
interfaces 52, 54 disclosed herein may be Ethernet based. Having the private
interface 52 means that communications between the control system 13 and any other
devices are limited, e.g., with a proprietary connection protocol, to ensure that the
other devices are designed to communicate with the control system 13 so as not to
interfere with the operation of the control system 13. For example, if an attempt is
made to bypass the data manager 44 and connect an application 42 directly to the
control system 13, such a bypass attempt would not be possible without knowing the

proprietary connection protocol.

The communication connection between the data manager 44 and the applications 42
is an open interface 54. Having an open interface 54 means that other devices and/or
applications may be connected through the open interface 54, wherein once connected
the connection protocol allows for the transmission of data or information through the
open interface 54. The open interface 54 also provides for a uniform, possibly even

simplified interface.

As disclosed above, the type of data that can be provided to the applications 42 is not
limited to data gathered from the control system 13. The track data that may be
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provided from off-board the locomotive may be provided through the data manager
from an external source. The data may be received via an 802.11 wireless local area
network to reduce the cost, or in-route as necessary via a satellite/cell phone and then
communicated to the data manager 44, such as may be available via a CMU or a
mobile access router. Additionally, prime directive data (track authorities and speed

restrictions) data may also be provided through the data manager 44.

An example of sensor data that is provided may include common global positioning
system (“GPS”) data, wheel speed data, fuel consumption, etc. By using the data
manager 44 to provide sensor data to applications 42, sensor replication aboard the
locomotive (or other vehicle) is not required. Since sensors 48 are part of the
locomotive (or other vehicle), and are likely to be used within the control system 13,
data from the sensors 48 may be provided through the private interface 52 connecting
the data manager 44 to the control system 13. Though only one sensor 48 is
illustrated, this single sensor is representative of any number of sensors 48.
Additionally, though the sensor 48 is illustrated as being a subset of the control
system 13, the sensor 48 may be an independent element, having its own interface,
either a private interface 52 or an open interface 54. As disclosed in FIG. 6, other
types of sensors are illustrated where the sensors may be considered source

applications.

Additionally, the data manager 44 may be configured to solve application data
distribution issues. For example, if two applications 42 are requiring data at the same
time where bandwidth is not available for delivery of the data to both of the
applications simultaneously, the data manager 44 will schedule delivery of the data.
The delivery of the data may be based on any number of factors including, but not
limited to, priority, bandwidth, duration, vitality, etc. The data manager 44 may also

be used to solve data currency issues.

In operation, the applications 42 are able to register and/or communicate their data
needs with the data manager 44. For example, Application 1 may require track data at
a certain rate, such as but not limited to a given distance ahead of a current location.

The data manager 44 is also able to collect data from other applications, and/or the
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control system, and provide Application 1 the data required, without impacting the
source application. Thus, the data manager 44 provides sharing of data between
applications 42 without impact to any of the applications 42. Additionally, point-to-
point interface definitions, which may be costly, between the applications 42, and/or
the control system 13 are no longer needed since a common interface is provided

through the data manager 44.

A common interface is used to provide information from the applications 42 to the
control system 13. The common interface is identified as the locomotive (or other
vehicle) control manager unit 46, or locomotive (or other vehicle) control manager,
and it is a single integration point for all applications 42 that want to provide control
input to the locomotive. The “control input” may be data (e.g., data to be provided to
the control system 13; some such data, originating from the applications 42, is
referred to herein as “application data”) and/or a command request, e.g., a request that
the control system act upon a particular command. As illustrated in FIG. 5, elements
of the control manager 46 may include, but are not limited to, a connector 56 for the
open interface 54 to receive control requests from the applications 42, a processor 58
that has an algorithm/software 60 which is operable within the processor 58 to
perform the functions discussed below, and a connector or other control system
interface 62 specific to the control system 13 for a specific type of locomotive (or
other vehicle), as illustrated by “Locomotive A,” “Locomotive B,” “Locomotive C,”
and “Locomotive D.” Examples of different specific types of locomotives include an
EMD SD70™ Jocomotive, a General Electric (GE) Dash 9™ locomotive, a GE
AC4400™ Jocomotive, and/or a GE Evolution™ series locomotive. The data
manager 44 also is equipped with a similar connector 56 for the open interface, a
processor 50 in which an algorithm may operate, and a connector for the private

interface 52.

The interface between the applications 42 and the control manager 46, or receiving
interface, is an open interface 54, which provides a common interface for the
applications 42 to access the locomotive control system 13. The interface between the
control manager 46 and the control system 13 is a private interface 52. Aspects of the
control system 13 that are accessible and controlled include, but are not limited to,

18



WO 2010/096730 PCT/US2010/024844

throttle or notch control, dynamic brake control, automatic airbrake control, wireless
distributed power, wired distributed power, independent brake control or operation,
etc. The control manager 46 is able to authorize and prioritize to avoid an undesired
state or conflict for controlling data (and other control input) provided from the
applications 42 to the locomotive control system 13 that is able to de-conflict any
conflicting input from on-board diverse applications like a train control application or

an energy management application.

In operation, the control manager 46 processes control input received from the
plurality of applications 42, for providing to the control system 13 or otherwise. For
example, the control manager 46 may receive application data from the applications
42 (or other data) and process the data for selectively providing the data to the control
system, e.g., for determining which application data is provided to the locomotive
control system. (For example, it may be the case that data is only provided based
upon the needs or requests of the control system 13, or that certain data is only
provided depending on the operational state of the control system and/or locomotive
generally.) In another example, the control manager 46 may receive command
requests from the plurality of applications 42 and determine which of the received
command requests is provided to the control system for use in operating the
locomotive. This determination may be based on time factors (when the command
requests are received, and the timeliness of the command requests), a priority
hierarchy among types of different command requests, the relationship between a
particular command request and the current operational mode of the locomotive or
other vehicle (e.g., certain requests may only be applicable when the locomotive is in
a particular mode of operation), the relation between a particular command request
and other command requests received either before or after the command request
(e.g., one command request may be moot in light of a previously recently received
command), etc. In another aspect, the control manager 46 is able to resolve conflicts
between the applications 42 and between control input received from the applications.
For example, if a locomotive or other vehicle is equipped with an energy management
application and a train/vehicle control application, and if the train/vehicle control

application does not have the appropriate movement authority to transition the
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locomotive or other vehicle over a piece of track (or other route), or within a certain
territory, it may call for a stop (stop command request) via the train automatic brake
application. At the same time, the energy management application may not be aware
that the train is not authorized to proceed and may call for notch 6 (throttle command
request) over a given territory. The control manager 46 would be able to resolve the
conflict by using data from one or more other applications 42 and/or based on a
priority that is preset within the control manager 46 that establishes application
priority. The control manager 46 is also able to override and/or isolate an application
that is malfunctioning. As disclosed above, it also provides for safe interlocks among
the controls. Additionally, as disclosed in further detail below, the control manager
46 is able to receive inputs from an operator, which is sent to the control system 13
for implementation. These manual inputs also have to be de-conflicted with

requesting applications.

In one embodiment, the data that is being passed from the control system 13 through
the data manager 44 and control manager 46 and to the applications 42 is real-time
data. Thus, the implementation of controlling the system is accomplished with
current data. As further illustrated in FIGS. 4 and 6, a system and/or process are
provided. By having a closed loop control system/process, control of the locomotive
may be autonomously performed, where inputs from an application, such as, but not
limited to, an energy management application and/or a train (or other vehicle) control
application, determines a speed to operate over a route based on the train/vehicle
consist and terrain, and the control manager 46 operates the throttle and brake in
accordance with the inputs. More specifically, the control manager 46 autonomously
provides directions, or commands, to the control system 13, which in turn commands
the throttle (e.g., notch setting), dynamic brake, automatic train air brake, independent
brake, and direction of travel of the locomotive. (For example, providing autonomous
operation of the locomotive or other vehicle may comprise providing braking and
throttle commands to define speed and/or movement authority to operate over a route
by the locomotive or other vehicle.) Hence, the locomotive is able to operate in an
“autopilot” mode. Examples of the energy management application and a variation of

the control manager 46 are disclosed in trip/mission optimizer patent applications
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assigned to the Assignee of the present invention, such as U.S. Publication Nos.
2008/0082223, 2007/0219683 and 2007/0219680 (see, for example, U.S. Publication
No. 2007-0219680-A1 dated September 20, 2007). The closed loop control system
includes at least one application 42, the control system 13, and the control manager
46. The closed loop control system may also include the data manager 44.
(Generally speaking, the closed loop control system, in any of the embodiments
herein, is characterized by the operation of the locomotive or other vehicle being
regulated by, or otherwise based on, feedback regarding the locomotive’s operation
and operational performance, e.g., the locomotive or other vehicle is operated based
both on control input and on sensed feedback of one or more operational
characteristics of the locomotive or other vehicle, such as actual speed, actual
direction, acceleration, sensed location, and the like. More generally, the closed loop
control system may be characterized in that an input forcing function is determined in
part by a vehicle system response, wherein a measured response of a vehicle system is
compared with a desired response, and the difference between these two responses
initiates actions that will result in the actual response of the vehicle system to

approach the desired response.)

FIG. 6 is block diagram illustrating distribution of data between a control system and
applications also with a display manager unit, or display manager 64. The display
manager 64 is used to decide which data is communicated to an operator onboard the
locomotive. At least one common display 66 is also provided. Those skilled in the
art recognize that a plurality of common displays may be provided. When the
operator desires information specific to a certain application and/or an operating
aspect of the control system 13 and/or locomotive, the operator is able to select that

application 42 and/or the operating aspect of the control system 13 and/or locomotive.

2

The terms “display manager” and “display” are terms not meant to be limited to
providing only data visually to the operator. The display manager may provide a
flow, or transmission, of data made available to an operator as visual data, tactile data,
and/or audio data. Therefore, the display may be a device that provides the
information to the operator in the intended form identified, such as but not limited to
visually, through touch, and/or audible. The terms “flow” or “transmission” are not
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meant to be limiting. These terms are used to include for a distribution of data

between two locations, such as but not limited to units, applications, and/or devices.

The display manager 64 is connected directly to the applications 42 through a
negotiated interface 68, or more specifically an interface that is defined specific for
each application’s purpose. The interface between the display 66, user interface 70,

and display manager 64 may also be a private interface.

FIG. 6 also illustrates the data manager 44 being connected to a communication
management unit (“CMU”) 72. Thus, in implementation, instead of the functionality
of the CMU 72 being integrated within a single data manager unit, a data manager
unit may be connected to an existing CMU 72. The CMU 72 is also in
communication with the locomotive control system 13 using its own private interface
52. The connection between the data manager 44 and the CMU 72 may be either a
private interface 52 or an open interface 54. The data passed from the CMU 72 to the
data manager 44 is data needed by the applications 42, and is generally information

that the CMU 72 received from sources that are remote from the locomotive.

A file management staging unit (“FMS”) 74 may be part of the data manager 44. The
FMS 74 is provided to receive and distribute application replacement/updates for the
applications and/or sensors, where the sensors are considered source applications. As
illustrated, examples of such source applications include, but are not limited to GPS,
Movie Picture Expert Group (“MPEG”) encoder, fuel (“FLM”) indicator, event
recorder (“ER”), etc. The replacement/updates may be provided from an external
source from the locomotive, where the data is communicated through the CMU 72, or
as illustrated in FIG. 4 though the data manager 44, which includes CMU-like

functionality.

The representations of the applications 42 in FIGS. 4 and 6 as blocks are provided to
represent that each application performs a unique function. In operation, each
application may have its own hardware and software components, or instead of each
application having its own hardware, each application (or software, or algorithm) is

housed within hardware where all hardware has a common bus and/or a common
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housing where common processors are used (as in FIGS. 1-2). Servers may be
provided, where multiple applications are stored in each server. Instead of allowing
any application to reside on any server, the importance of the application may
determine which server is installed within. For example, a non-vital server may be
used for non-vital applications while a vital server may be used for vital applications.
In such a configuration, the vital server may have more redundancy than the non-vital
server. Additionally, when multiple servers are used (either hosting an individual
application per server or applications grouped together on designated servers), the
servers and hence the applications, may use multicasting, or multicast delivery, to
publish data. Those skilled in the art will readily recognize that “multicast,” or
“multicasting,” refers to using a network technology for the delivery of data, or
information, to a group of destinations simultaneously using the most efficient
strategy to deliver the messages over each link of the network only once, creating

copies only when links to the multiple destinations split.

Although the control manager 46 is illustrated in FIGS. 4 and 6 as being separate from
the control system 13, the control manager 46 may be a part of the control system 13,
such as integrated directly into the control system 13. The data manager 44 may be a
part of the CMU 72, more specifically hosted within existing CMU chassis and/or
processor. Additionally, the interfaces 52, 54 may be part of a router to communicate
data from the data manager 44 to the applications 42 and from the applications 42 to
the control manager 46. Similarly, even though the data manager 44 and control
manager 46 are displayed as being two separate units, those skilled in the art will
recognize that these units may be a single unit, and/or within a common housing.
Thus, the data manager 44 and control manager 46 within the common housing (or
even as separate units) may be considered an open defined interface unit. Towards
this end, the processor 50 that is part of the data manager 44 and the processor 58 that
is part of the control manager 46 may be a single processor. In general, those skilled
in the art will recognize and understand that illustrating all of the units as blocks in
FIGS. 4 and 6 is done solely to illustrate functionality of the various units/elements

disclosed herein, and should not be considered limiting with respect to packaging.
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FIG. 7 is a flowchart 76 of a method for operating a locomotive or other vehicle.
The flowchart 76 illustrates autonomously managing a flow of data from a control
system of the locomotive or other vehicle to a plurality of applications, between the
plurality of applications, from a sensor to the plurality of applications (or to other
applications), and/or from a communication management unit to the plurality of
applications, at 78. The flowchart further illustrates autonomously managing a flow
of data received from the plurality of applications to determine which application data
is provided to the control system, at 80. The locomotive or other vehicle is operated
with the application data provided to the control system, at 82. As discussed above,
operating the locomotive or other vehicle may further include autonomously operating
the locomotive or other vehicle by autonomously implementing changes to direction
of travel, changes to notch/throttle or speed, and/or dynamic braking and air brake
operation.  Additionally, autonomously managing the flow of data from the
locomotive (or other vehicle) control system, at 78, may further include distributing
data to the plurality of applications based on an authority and/or priority for

distributing data.

The method shown in the flowchart 76 may be performed with a computer software
code having computer software modules where the computer software code is stored
on a computer media and is executed with a processor. Thus, each process flow in the
flowchart 76 is performed by a computer software module specific to the process
contained in a specific process. For example, autonomously managing a flow of data
from a control system of the locomotive (or other vehicle) to a plurality of
applications, between the plurality of applications, from a sensor to the plurality of
applications (or to other applications), and/or from a communication management unit
to the plurality of applications, at 78, is performed by a computer software module for
autonomously managing a flow of data from a control system of the locomotive to a
plurality of applications, between the plurality of applications, from a sensor to the
plurality of applications, and/or from a communication management unit to the

plurality of applications.

As discussed above, one embodiment of the present invention relates to a
communication system (different embodiments shown generally in FIGS. 4 and 6) for
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controlling sharing of data across a plurality of subsystems on a locomotive or other
vehicle. In one embodiment, the communication system comprises an open defined
interface unit, which establishes an interface between the locomotive/vehicle
subsystems for the exchange of locomotive/vehicle control system data and/or other
data. The interface is open for access by a plurality of applications in a common,
defined manner. The “other” data may be data that is used by the
subsystems/applications apart from the locomotive/vehicle control system; examples
include: communication data to be transmitted oft-board, but that does not originate
with the control system, e.g, operator or voice dispatch communications;
communications data received from off-board the locomotive or other vehicle that is
not used for control purposes; data that is generated and/or stored for archival

purposes; certain time data, location data, train/locomotive data, etc.; and the like.

In one embodiment, the open defined interface unit comprises, at least functionally
speaking, a data manager 44 for managing data, as described above. In another
embodiment, the open defined interface unit comprises, at least functionally, a control
manager 46 for managing control input, as described above. In another embodiment,
the open defined interface unit comprises, at least functionally, a data manager 44 for
managing data (e.g., in the manner described above) and a control manager 46 for
managing control input (e.g., in the manner described above). In one embodiment,
the data manager 44 and control manager 46 are integrated into a single electronic
unit, for systems simplification and/or efficiency purposes. In another embodiment,
the data manager 44 and control manager 46 are separate electronic units that are
housed in a common housing, for conserving space while providing interconnection
and/or systems flexibility, e.g., in terms of how the data manager 44 and control
manager 46 are connected and what they are connected to. In another embodiment,
the data manager 44 and control manager 46 are separate electronic units that are
housed in different housings, for providing a greater degree of flexibility in terms of
system positioning and interconnection, e.g., the data manager 44 and control
manager 46 can be positioned in different locations, for more flexibility in terms of
what components/elements/subsystems in the locomotive they are connected to. In

another embodiment, one or both of the data manager 44 or the control manager 46
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are functionally implemented in an existing electronic subsystem of the locomotive
(either the same electronic subsystem or in different subsystems), for system

efficiency and ease of implementation.

Another embodiment relates to a communication system on a locomotive or other
vehicle. The communication system comprises a data manager unit and a control
manager unit. The data manager unit is configured to manage a transmission of data
from a control system of the locomotive (or other vehicle) to a plurality of
applications, between the plurality of applications, from a sensor to one or more of the
plurality of applications, and from a communication management unit to the plurality
of applications. The data manager unit is configured as an open defined interface, for
the plurality of applications to access locomotive/vehicle control system data in a
common defined manner, as described in more detail above. The control manager
unit is configured to receive control input from the plurality of applications and
process the control input for providing to the control system for use in operating the
locomotive (or other vehicle). For example, the control manager unit may process
application data (or other data) and/or command requests in a manner as described
above. The communication system further comprises a private interface for
communications between the data manager unit and the control system and/or
between the control manager unit and the control system, and an open interface for
communications between the data manager unit and the plurality of applications and
for communications between the control manager unit and the plurality of
applications. In another embodiment, the data manager unit is configured to manage
the transmission of data, at least between the plurality of applications, based on a
publish-subscribe communications structure (“structure” referring to a configuration
or setup, using program instructions, electronics, other control mechanism, or
otherwise, for implementing publish-subscribe communications in the data manager

unit and/or system generally).

As should be appreciated, a modern locomotive is an electro-mechanical system that
comprises a plurality of mechanical, electrical, and electro-mechanical subsystems.
An “application,” as used herein, is a locomotive subsystem or portion thereof that
utilizes data, provides data, and/or that provides or utilizes control input. An
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application may be a processor or processor-based unit, an algorithm or software as
executed by a processor or processor-based unit, or the like, but is not limited in this
regard unless otherwise specified. For example, an application may be a hardware
(e.g., electronics)-based subsystem or portion thereof, an electro-mechanical
subsystem or portion thereof, or the like. In one embodiment, all or at least some of
the applications are embodied as algorithms/software/programming instructions as
executed by a processor or processor-based unit, e.g., for carrying out distributed
power operations, other train or other vehicle control operations, on-board and off-
board communications operations, emissions control and other engine control
operations, data capture and storage operations, operator interface operations, and the

like.

An embodiment relates to an operating system, onboard a locomotive, for controlling
multiple operations of the locomotive. The operating system comprises a first
controller or control subsystem for controlling a positive train control system of the
locomotive. The operating system further comprises a second controller or control
subsystem for controlling an operator coaching and/or operator interface system of the
locomotive. The operating system further comprises a third controller or control
subsystem for controlling a trip optimizer and/or fuel savings system of the
locomotive. The operating system further comprises a memory in which locomotive
operations data is stored for each of the positive train control system, the operator
coaching and/or operator interface system, and the trip optimizer and/or fuel savings
system. The operating system further comprises a communication link between the
controllers (or control subsystems) and the memory for the controllers (or control
subsystems) to obtain the operations data from the memory and store the operations
data in the memory. In an embodiment, the memory is a non-distributed memory.
The non-distributed memory is the sole data storage in the locomotive for long term
storage of the operations data for the plurality of controllers (or control subsystems)
and the positive train control system, the operator coaching and/or operator interface

system, and the trip optimizer and/or fuel savings system.

Though exemplary embodiments of the present invention are described with respect
to locomotives, exemplary embodiments of the invention are also applicable for use
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with other powered systems, such as but not limited to marine vessels, stationary units
such as power plants, off-highway vehicles, agricultural vehicles, and/or mass cargo
or mass transit transportation vehicles, each which may use at least one engine.
Towards this end, when discussing a specified mission, this includes a task or
requirement to be performed by the powered system. Therefore, with respect to a
railway vehicle, marine vessel, agricultural vehicle, mass cargo or mass transit
transportation vehicle, or off-highway vehicle applications, this may refer to the
movement of a collective powered system (where more than one individual powered
system is provided) from a present location to a destination. In the case of stationary
applications, such as but not limited to a stationary power generating station or
network of power generating stations, a specified mission may refer to an amount of
wattage (e.g., MW/hr) or other parameter or requirement to be satisfied by the

powered system.

Exemplary embodiments of the invention solve problems in the art by providing a
method, system, and computer implemented method, such as a computer software
code or computer readable media, for providing an open defined interface so that any
application may access locomotive/vehicle control system data or other vehicle data

or other data in a common defined manner with predictable results.

Persons skilled in the art will recognize that an apparatus, such as a data processing
system, including a CPU, memory, I/O, program storage, a connecting bus, and other
appropriate components, could be programmed or otherwise designed to facilitate the
practice of the method of the invention. Such a system would include appropriate

program means for executing the method of the invention.

Also, an article of manufacture, such as a pre-recorded disk, computer readable
media, or other similar computer program product, for use with a data processing
system, could include a storage medium and program means recorded thereon for
directing the data processing system to facilitate the practice of the method of the
invention. Such apparatus and articles of manufacture also fall within the spirit and

scope of the invention.
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Broadly speaking, a technical effect is to provide an open defined interface so that any
application may access locomotive control system data in a common defined manner
with predictable results, for more efficient and better operation (possibly including
autonomous operation) of a locomotive. To facilitate an understanding of the
exemplary embodiments of the invention, it is described hereinafter with reference to
specific implementations thereof. Exemplary embodiments of the invention may be
described in the general context of computer-executable instructions, such as program
modules, being executed by any device, such as but not limited to a computer,
designed to accept data, perform prescribed mathematical and/or logical operations
usually at high speed, where results of such operations may or may not be displayed.
Generally, program modules include routines, programs, objects, components, data
structures, etc. that performs particular tasks or implement particular abstract data
types. For example, the software programs that underlie exemplary embodiments of
the invention can be coded in different programming languages, for use with different
devices, or platforms. It will be appreciated, however, that the principles that underlie
exemplary embodiments of the invention can be implemented with other types of

computer software technologies as well.

Moreover, those skilled in the art will appreciate that exemplary embodiments of the
invention may be practiced with other computer system configurations,
multiprocessor  systems, microprocessor-based or programmable consumer
electronics, minicomputers, mainframe computers, and the like.  Exemplary
embodiments of the invention may also be practiced in distributed computing
environments where tasks are performed by remote processing devices that are linked
through at least one communications network. In a distributed computing
environment, program modules may be located in both local and remote computer

storage media including memory storage devices.

As should be appreciated, embodiments of the invention reside primarily in a
combination of hardware and software elements related to the methods and systems
described herein. Accordingly, in at least some instances hardware and software
elements have been represented by conventional elements in the drawings, showing
only those specific details that are pertinent to the present invention, so as not to
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obscure the disclosure with structural details that will be readily apparent to those

skilled in the art having the benefit of the description herein.

Embodiments described herein may be implemented on a suitable computer system,
controller, data processor, or generally a computer readable medium. For example,
the steps of the methods described herein may correspond to computer instructions,
logic, software code, or other computer modules disposed on a computer readable
medium, e.g., floppy disc, hard drive, ASIC, remote storage, optical disc, or the like.
The computer-implemented methods and/or computer code may be programmed into
an electronic control unit of an engine, a main control system of a locomotive or other
vehicle, a remote station that communicates with the vehicle, or the like, as described

herein.

While the invention has been described with reference to various exemplary
embodiments, it will be understood by those skilled in the art that various changes,
omissions and/or additions may be made and equivalents may be substituted for
elements thereof without departing from the spirit and scope of the invention. In
addition, many modifications may be made to adapt a particular situation or material
to the teachings of the invention without departing from the scope thereof. Therefore,
it is intended that the invention not be limited to the particular embodiment disclosed
as the best mode contemplated for carrying out this invention, but that the invention
will include all embodiments falling within the scope of the appended claims.
Moreover, unless specifically stated any use of the terms first, second, etc. do not
denote any order or importance, but rather the terms first, second, etc. are used to

distinguish one element from another.
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WHAT IS CLAIMED IS:

1. An operating system, onboard a powered vehicle, for controlling multiple

operations of the powered vehicle, the operating system comprising:

a plurality of control subsystems onboard the powered vehicle for controlling multiple
operations of the vehicle, and at least one of the control subsystems has a memory in
which vehicle data is stored and the vehicle data is accessible and used by one or
more of the other control subsystems for controlling operations of the powered

vehicle; and

a communication system for controlling sharing of the vehicle data across the
plurality of control subsystems on the powered vehicle, the communication system
comprising an open defined interface unit configured so that the control subsystems

may access the vehicle data in a common defined manner with predictable results.

2. An operating system, onboard a powered vehicle, for controlling multiple

operations of the powered vehicle, the operating system comprising:

a communication system for controlling sharing of vehicle data and/or other data
across a plurality of subsystems on the powered vehicle, the communication system
comprising an open defined interface unit configured so that a plurality of
applications may access the vehicle data and/or other data in a common defined

manner with predictable results.

3. The operating system of claim 2, wherein the open defined interface unit

further comprises:

a data manager unit configured to manage a transmission of the vehicle data and/or
other data from a control system and/or subsystem of the vehicle to the plurality of
applications, between the plurality of applications, from a sensor to one or more of the
plurality of applications, from a communication management unit to the plurality of

applications, and/or from off-board the vehicle to the plurality of applications; and
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a control manager unit configured to receive control input from the plurality of
applications and process the control input for providing to the control system and/or

subsystem for use in operating the vehicle.
4. The operating system of claim 3 wherein:

the control manager unit is configured to receive command requests from the plurality
of applications and determine which command request is provided to the control

system and/or subsystem for use in operating the vehicle; and

the data manager unit and the control manager unit comprise a closed loop control
system that further comprises the control system and/or subsystem and at least one
application of the plurality of applications, wherein the closed loop control system

provides for autonomous operation of the vehicle.
5. The operating system of claim 3, further comprising:

a private interface for communicating between the data manager unit and the control
system and/or subsystem, and/or between the control manager unit and the control

system and/or subsystem;

an open interface for communicating between the data manager unit and the plurality

of applications and/or the control manager unit and the plurality of applications; and

a data dictionary that defines data available to at least one of the plurality of

applications and/or a command request available from the control manager unit.

6. The operating system of claim 3, wherein the data manager unit distributes the

vehicle data and/or other data at specified frequencies to the plurality of applications.

7. The operating system of claim 3, wherein the data manager unit distributes the
vehicle data and/or other data depending on whether at least one application of the
plurality of applications and/or the control system and/or subsystem of the vehicle
publishes available data and at least a second application of the plurality of

applications subscribes to receive the published available data.
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8. The operating system of claim 3, wherein the data from oft-board the vehicle
comprises data from a remote database and/or dynamic wayside data relevant to a

signal aspect, switch position, and/or crossing gate position.

9. The operating system of claim 3, wherein a transmission of data managed by

the data manager unit is accomplished with a multicast delivery of the data.
10.  The operating system of claim 2, further comprising:

a display manager unit that is configured to communicate with at least one of the
plurality of applications, wherein the display manager unit is configured to manage a

transmission of data made available to an operator; and

a user interface configured to allow the operator to select data to be made available to

the operator.

11.  An operating system, onboard a powered vehicle, for controlling multiple

operations of the powered vehicle, the operating system comprising:

a data manager unit configured to manage a transmission of data from a control
system and/or subsystem of the powered vehicle to a plurality of applications,
between the plurality of applications, from a sensor to one or more of the plurality of
applications, and from a communication management unit to the plurality of
applications, wherein the data manager unit is configured as an open defined interface
for the plurality of applications to access vehicle data and/or other data in a common

defined manner;

a control manager unit configured to receive control input from the plurality of
applications and process the control input for providing to the control system and/or

subsystem for use in operating the powered vehicle;

a private interface for communications between the data manager unit and the control
system and/or between the control manager unit and the control system and/or

subsystem; and
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an open interface for communications between the data manager unit and the plurality
of applications and for communications between the control manager unit and the

plurality of applications.

12. The operating system of claim 11, wherein the data manager unit is configured
to manage the transmission of data, at least between the plurality of applications,

based on a publish-subscribe communications structure.
13. A method for operating a powered vehicle, the method comprising:

autonomously managing a transmission of data from a vehicle control system and/or
subsystem to a plurality of applications, between the plurality of applications, from a
sensor to the plurality of applications, from a communication management unit to the
plurality of applications, and/or from off-board the powered vehicle to the plurality of

applications;

autonomously managing a transmission of application data received from the plurality
of applications to determine which application data is provided to the vehicle control

system and/or subsystem; and

operating the powered vehicle based on the application data provided to the vehicle

control system and/or subsystem.

14. The method of claim 13, wherein operating the powered vehicle further
comprises autonomously operating the powered vehicle by autonomously
implementing changes to a direction of travel of the powered vehicle, changes in a
notch level or other throttle level of the powered vehicle, changes in a speed of the
powered vehicle, dynamic brake operation, automatic air brake operation, and/or

independent brake operation.

15.  The method of claim 13, wherein autonomously managing a transmission of
data from the vehicle control system and/or subsystem further comprises distributing
data to the plurality of applications based on an authority and/or a priority of each

application of the plurality of applications for distributing and/or receiving data.
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16. An operating system, onboard a powered vehicle, for controlling multiple

operations of the powered vehicle, the operating system comprising:

a plurality of control subsystems onboard the powered vehicle for controlling multiple
operations of the powered vehicle, and at least one of the control subsystems has a
memory in which data is stored and the data is accessible and used by one or more of

the other control subsystems for controlling vehicle operations; and

a communication link between the control subsystems for sharing the data stored in
the memory of one of the control subsystems to control operations of the powered

vehicle.

17. The system of claim 16, wherein the communication link is a communication
router for receiving commands from one or more control subsystems for sharing data
between the control subsystems, and wherein the commands relate to data required for
the operation of a control subsystem and the router connects two or more control

subsystems responsive to the commands for sharing data.
18. The system of claim 16, wherein:

the powered vehicle is used to control the movement of a series of vehicles in a

consist;
the memory comprises a central database onboard the powered vehicle;

the data used by said one or more of the other control subsystems for controlling
vehicle operations is stored in the database and comprises at least a portion of a route
database comprising route profile data and/or manifest data of the powered vehicle

and/or consist; and

the communication link provides access to the database for the control subsystems to

retrieve the route profile data and/or manifest data from the database.

19.  The system of claim 16, wherein the powered vehicle is used to control the
movement of a series of vehicles in a consist, and vehicle manifest data or a route

database comprising route profile data is stored in a memory off-board the vehicle,
35



WO 2010/096730 PCT/US2010/024844

and at least a portion of the route database or the vehicle manifest data is transmitted
via wireless communication to and stored in a memory for the onboard operating

system; and

the system further comprises a verification access code associated with the powered
vehicle or an operator of the powered vehicle to access and transmit data from the off-

board memory to the onboard operating system.

20. An operating system, onboard a powered vehicle, for controlling multiple

operations of the powered vehicle, the operating system comprising:

a plurality of control subsystems onboard the powered vehicle for controlling multiple

operations of the vehicle;

a non-distributed memory in which data is stored, said data relating to operations and

control of the powered vehicle; and
a communication link between the control subsystems and the memory for the

control subsystems to obtain the data from the memory and store the data in the

memory;

wherein the non-distributed memory is the sole data storage in the powered system for

long term storage of said data for the plurality of control subsystems.
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