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(57) Abstract: A data distribution system for a vehicle includes a data distributor module that is communicatively coupled with a
data acquisition module that obtains values of available data parameters related to operation of the vehicle, a service module that
provides functions for the vehicle based on the values, and a memory. The data distributor module receives a request list from the
service module that includes one or more requested data parameters of the available data parameters. The data acquisition module
stores the values of the requested data parameters in the memory. The data distributor module retrieves the values of one or more of
the requested data parameters from the memory and communicates the values that are retrieved to the service module for the service
module to use the values that are retrieved to provide the functions for the vehicle.
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DATA DISTRIBUTION SYSTEM AND METHOD FOR
BISTRIBUTING DATA IN A VEHICLE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application Serial
No. 61/496,283, filed June 13, 2011, which is hereby incorporated by reference in its

entirety.
BACKGROUND

[0002] Certain vehicles (e.g., powered vehicles or vehicle consists) include
communication systems that periodically obtain measurements related to the health,
operations, or control of the vehicle. For example, locomotives in a rail vehicle consist
{(“consist” referring to a group of vehicles linked to travel together along a route,
including possible coordinated control over one or more wired and/or wireless
connections) may include communication systems that periodically receive
measurements related to operations of the locomotive, such as speed, horsepower,
temperature, brake pressure measurements, and the like. These measurements represent
data parameters of the vehicle, and the values of the data parameters may periodically
change. For example, measurements of speed of a traction motor may be a first data

parameter, measurements of brake pressures may be a second data parameter, and so on.

[0003] The data parameters may be measured or obtained by one or more
sensors or components of the vehicle. The values of the data parameters are requested
and used by computerized services or applications running on the vehicle and/or running
off-board the vehicle. These services or applications perform various functions based on
the data parameters. For example, the services or applications may conirol tractive
operations and/or braking operations of the vehicle, monitor performance of the vehicle

over time, record events of the vehicle, and the like.
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[0004] Many data parameters may be obtained for a locomotive or other
powered system. In some known systems, the data parameters are sent from the sensors
or other components directly to the services or applications that use the data parameters.
The same data parameters may be sent multiple times to different services or
applications. The increased frequency at which the data parameters are sent increases the
number of times that the data parameters are read and written {(e.g., obtained from
memory and saved to memory). The reading and writing of relatively large amounts of
data parameters for relatively large numbers of services or applications can consume
large portions of available computer processing and memory resources of the vehicle. As
the amount of available processing and/or memory resources decreases, the latency
involved in handling requests for data parameters and publishing the values of the data
parameters back to the requesting services or applications can significantly increase and

delay the functions provided by the services or applications.
BRIEF DESCRIPTION

[0005] In accordance with one embodiment, a data distribution system for a
vehicle is provided. The distribution system includes a data distributor module. The data
distributor module is configured to be communicatively coupled with a first data
acquisition module that obtains values of one or more available data parameters related to
operation of the vehicle, a first service module that provides one or more functions for the
vehicle based on the values, and a memory. The data distributor module is further
configured to receive a first request list from the first service module that includes one or
more requested data parameters of the available data parameters. The data distributor
module also is configured for the first data acquisition module to store the values of the
requested data parameters in the memory. The data distributor module further is
configured to retrieve the values of one or more of the requested data parameters from the

memory and communicate the values that are retrieved to the first service module for the
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first service module to use the values that are refrieved to provide the one or more

functions for the vehicle.

[0006] In another embodiment, a data distribution system for a vehicle is
provided that includes a data distributor module and a shared memory. The data
distributor module is communicatively coupled with the shared memory and is
configured to receive requests for data parameters from a plurality of service modules,
filter the requests for the data parameters, and communicate the filtered requests for the
data parameters to a plurality of data acquisition modules that generate the data
parameters and store the data parameters in the shared memory. The data parameters
relate to operations of the vehicle. The data distributor module also is configured to at
least one of: retrieve the data parameters from the shared memory, based on memory
indices of the stored data parameters received from the data acquisition modules, and
communicate the data parameters that are retrieved from the shared memory to the
plurality of service modules for use by the plurality of service modules in performing one
or more functions for the vehicle; or communicate the memory indices to the plurality of
service modules for the service modules to retrieve the stored data parameters from the

shared memory.

{0007} In another embodiment, a method for distributing data in a vehicle is
provided. The method includes receiving a first request list for values of one or more
requested data parameters. The values represent (i.e., relate to) operations of the vehicle
and used to perform one or more functions for the vehicle. The method also includes
determining which of one or more data acquisition modules acquires the values of the one
or more requested data parameters and storing the values in 2 memory. The method
further includes retrieving the values from the memory in order to transmit the values to

one or more service modules that use the values to perform the functions for the vehicle.
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[00081 In another embodiment, another method for distributing data in a vehicle
is provided. The method includes receiving requests for data parameters from a plurality
of service modules. The data parameters relate to operations of the vehicle. The method
also includes filtering the requests for the data parameters and communicating the
requests that are filtered for the data parameters to a plurality of data acquisition modules
that generate the data parameters and store the data parameters in a shared memory with
memory indices representative of where the data parameters are stored. The method also
includes at least one of: retrieving the data parameters from the shared memory, based on
memory indices of the data parameters that are stored in the shared memory and received
from the data acquisition modules, and communicating the data parameters that are
retrieved from the shared memory to the plurality of service modules for use by the
plurality of service modules in performing one or more functions for the vehicle; or
communicating the memory indices to the plurality of service modules for the service
modules to retrieve the stored data parameters from the shared memory based on the

memory indices.

[0008] In another embodiment, another data distribution system for a vehicle is
provided. The distribution system includes a request list submodule, a filter submodule, a
reader submodule, and a publication submodule. The request list submodule is
configured to receive requests for values of one or more available data parameters from
plural service modules of the vehicle. The data parameters represent operations of the
vehicle. The filter submodule is configured to filter the requests based on which of plural
data acquisition modules of the vehicle acquire the values of the data parameters in the
requests. One or more of the data acquisition modules store the values in a shared
memory. The reader submodule is configured fo retrieve the values of the data
parameters in the requests from the shared memory. The publication submodule is

configured to form one or more messages for transmission to the service modules, The
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one or more messages include the values of the data parameters that are requested by the

service modules.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a schematic illustration of one embodiment of a vehicle

consist,

[0011] Figure 2 is a schematic diagram of one embodiment of a vehicle data

distribution system disposed on-board a vehicle.

[0012] Figure 3 is a diagram showing data or information flow through the

system shown in Figure 2 in accordance with one embodiment.

[0013] Figure 4 illustrates several request lists of requested data parameters and

associated data acquisition modules in accordance with one example.

[0014] Figure S illustrates several response lists generated by the data

acquisition modules shown in Figure 2 in accordance with one example.

{0015] Figure 6 illustrates a schematic diagram of a data distribution module

shown in Figure 2.

[0016] Figure 7 is a flowchart of one embodiment of a method for distributing

data in a vehicle.
DETAILED DESCRIPTION

[0017] The foregoing brief description, as well as the following detailed
description of certain embodiments of the inventive subject matter, will be better
understood when read in conjunction with the appended drawings. To the extent that the

figures illustrate diagrams of the functional blocks of various embodiments, the
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functional blocks are not necessarily indicative of the division between hardware
circuitry. Thus, for example, one or more of the functional blocks (for example,
processors or memories) may be implemented in a single piece of hardware (for example,
a general purpose signal processor, microcontroller, random access memory, hard disk,
and the like). Similarly, the programs may be stand alone programs, may be incorporated
as subroutines in an operating system, may be functions in an installed software package,
and the like. The various embodiments are not limited to the arrangements and

instrumentality shown in the drawings.

[0018] As used herein, an element or step recited in the singular and proceeded
with the word “a” or “an” should be understood as not excluding plural of said elements
or steps, unless such exclusion is explicitly stated. Furthermore, references to “one
embodiment” of the present inventive subject matter are not intended to be interpreted as
excluding the existence of additional embodiments that also incorporate the recited
features. Moreover, unless explicitly stated to the contrary, embodiments “comprising”
or “having” an element or a plurality of elements having a particular property may

include additional such elements not having that property.

{0019] Figure 1 is a schematic illustration of one embodiment of a rail vehicle
consist 100. In the illustrated embodiment, the consist 100 includes a lead powered unit
102 mechanically coupled with several trailing or remote powered units 104, 106, 108,
110 and non-powered units 112. The consist 100 travels along a track 114. The powered
units 102, 104, 106, 108, 110 and/or non-powered units 112 may be referred to as rail
vehicles of the consist 100. The lead powered unit 102 and the remote powered units
104, 106, 108, 110 supply tractive forces to propel the consist 100 along the track 114,
For example, the powered units 102, 104, 106, 108, 110 may represent locomotives
capable of self-propulsion. In one embodiment, the consist 100 includes the lead
powered unit 102 as a leading locomotive disposed at the front end of the consist 100 and

the remote powered units 104, 106, 108, 110 as trailing locomotives disposed behind the
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lead powered unit 102 between the lead powered unit 102 and the back end of the consist
100. Alternatively, the lead powered unit 102 may be disposed between one or more of

the remote powered units 104, 106, 108, 110 and the back end of the consist 100.

[0020] The non-powered units 112 may be cars for carrying cargo {(e.g., goods
and/or passengers) along the track 114. The remote powered units 104, 106, 108, 110 are
remote from the lead powered unit 102 in that the remote powered units 104, 106, 108,
110 are not located within (i.e., are not part of) the lead powered unit 102. A remote
powered unit 104, 106, 108, 110 need not be separated from the lead powered unit 102 by
a significant distance in order for the remote powered unit 104, 106, 108, 110 to be
remote from the lead powered unit 102. For example, the remote powered unit 104 may
be directly adjacent to and coupled with the lead powered unit 102 and still be remote
from the lead powered unit 102. The number of powered units 102, 104, 106, 108, 110 in

the consist 100 may vary from those shown in Figure 1.

[0021] While one or more embodiments of the inventive subject matter
disclosed herein are described in terms of rail vehicles, such as locomotives, the entire
scope of the inventive subject matter is not limited to rail vehicles or locomotives. For
example, one or more embodiments disclosed herein may be used in conjunction with
other vehicles, such as Off Highway Vehicles (OHV) or other vehicles that propel goods

and/or persons and that may not travel along a track or rails.

[0022] One or more conductive communication pathways 116 may extend along
the consist 100 and between the powered units 102, 104, 106, 108, 110, 112. The
comumunication pathway 116 can represent a wire or group of wires, such as a trainline,
multiple unmt (MU} cable, other conductive pathway (e.g., copper wire), fiber optic
pathway, or the like, that extends through the consist 100 between the powered units 102,
104, 106, 108, 110 and the non-powered units 112, The communication pathway 116

3
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may be used to communicate data between the powered units 102, 104, 106, 108, 110,
112.

{0023} Figure 2 is a schematic diagram of one embodiment of a vehicle data
distribution system 200 disposed on-board a vehicle 202. In the illustrated embodiment,
the vehicle 202 is illustrated as a rail vehicle, such as a powered unit 102, 104, 106, 108,
or 110 (shown in Figure 1). Alternatively, the vehicle 202 may be another type 4of rail
vehicle (such as a non-powered unit 112 shown in Figure 1) or a non-rail vehicle, such as
an OHV or other vehicle. The system 200 is shown in Figure 2 as being disposed entirely
on-board the vehicle 202. Alternatively, the system 200 may be spread out among
several interconnected vehicles 202, such as by being partially disposed on each of
several vehicles 202 that are mechanically coupled in a consist, similar to the consist 100

shown in Figure 1.

[0024] The system 200 manages the acquisition and distribution of data related
to operations of the vehicle 202, The vehicle 202 includes one or more components 204
that perform various operations of the vehicle 202. In one embodiment, the component
204 shown in Figure 2 may represent a propulsion subsystem that generates tractive
effort for the vehicle 202 to propel itself (e.g., a subsystem that includes one or more
traction motors), a braking subsystem that generates braking effort for the vehicle 202 to
slow down or stop itself from moving, an wireless communication system that is used to
communicate with another vehicle or system outside of the vehicle 202 {e.g., a radio
transceiver with antenna), a sensor that obtains data related to the vehicle 202 (e.g, a
brake air pressure sensor, a fuel gauge, a cargo sensor, a global positioning system
receiver, or the like), a device that receives input from an operator of the vehicle 202 to
control the vehicle 202, and the like. The previous list provides a non-limiting example
of the types of components 204 that may be used. In one embodiment, any device,
sensor, system, subsystem, memory, module, assembly, processor, or the like may be

used as the component 204. While only one component 204 is shown in Figure 2, the
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vehicle 202 may include a plurality of the components 204. One or more of the
components 204 of the system 200 may be disposed off-board the vehicle 202, such as by
being disposed on-board another vehicle that is mechanically coupled or interconnected

with the vehicle 202,

[0025] The components 204 are operably coupled with controller devices 206
(e.g., “Controller #1,” “Controller #2,” and “Controller #N”). As used ﬁerein, the term
“operably coupled” includes two or more controllers, devices, sensors, systems,
subsystems, assemblies, processors, memories, modules, or the like that are connected by
one or more wired and/or wireless communication links, such as cables, busses, wireless
networks, conductors (e.g., copper wires), fiber optic cables, and the like, such as to
enable communication of data therebetween. The controller devices 206 are generally
referred to by the reference number 206 and individually referred to by the reference
numbers 206a, 206b, and 206c. While three controller devices 206 are shown,

alternatively, a smaller or larger number of controller devices 206 may be provided.

[0026] The controller devices 206 interface with the components 204 to obtain
one or more of available data parameters from the components 204. As used herein, the
term “available data parameters” includes a set of one or more data pafameters having
values that may be measured or obtained from the components 204. While only the
controller device 206¢ is shown as interfacing with the component 204, each of the
controller devices 206a, 206b may interface with other components that are the same or
similar to the component 204 and/or may interface with the component 204. Moreover,
while the description herein focuses on the controller device 206¢, the description may

equally apply to one or more other controller devices 206,

[0027] The controller devices 206 may include one or more electronic devices
that obtain one or more of the available data parameters from the components 204 and/or

direct one or more operations of the components 204. In one embodiment, the controller
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devices 206 may include sensors that obtain one or more of the data parameters from the
components 204, processors or other logic-based devices, along with associated circuitry,

that monitor and/or control the components 204, and the like.

[0028] The data parameters obtained by the controller devices 206 represent
data values related to operations of the vehicle 202. As used herein, the term
“operations” can refer to performance of the vehicle 202 (e.g,, related to actions and
events performed in propelling goods and/or passengers), control of the vehicle 202 (e.g,,
throttle and/or brake settings), and/or health conditions of the vehicle 202 (e.g., a status of
the vehicle 202 such as whether maintenance is required for the vehicle 202 or one or

more components 204 are malfunctioning).

[0029] For example, if the component 204 includes a propulsion subsystem that
includes one or more traction motors and/or a sensor operably coupled with the
propulsion subsystem, the controller device 206¢ may obtain measurements of
horsepower generated by the traction motors, measurements of wheel slippage of the
wheels connected to the traction motors, temperatures measurements of bearings, wheels,
and/or axles interconnected with the fraction motors, and the like. If the component 204
includes a braking subsystem that includes air brakes and/or .regenerative brakes, the
coniroller device 206¢ may obtain measurements of air pressure in the air brakes and/or
reservoirs connected to the air brakes, measurements of current obtained from the
regenerative brakes, settings of the air brakes and/or regenerative brakes, and the like. If
the component 204 includes an antenna that is used to communicate with another vehicle
or system ouiside of the vehicle 202, then the controller device 204¢ can obtain data
parameters representative of which communication channels are being used, quality of
service {Qo8) measurements of communication over the antenna, and the like. If the
component 204 includes a sensor, then the controller device 204¢ can obtain data
parameters representative of quantities measured or sensed by the sensor. The above

provides a non-exclusive set of data parameters that can be obtained by the controller
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devices 204. One or more other types of data parameters that relate to operations of the

vehicle 202 may be obtained.

{0030] The controller devices 206 are operably coupled with data acquisition
modules 208 {e.g., “Source #1,” “Source #2,” and “Source #N”}. As used herein, the
termn “module” includes a hardware and/or software system that operates to perform one
or more functions. For example, a module may inciudé a computer processor, controller,
or other logic-based device that performs operations based on instructions stored on a
tangible and non-transitory computer readable storage medium, such as a computer
memory. Alternatively, a module may include a hard-wired device that performs
operations based on hard-wired logic of the device. The modules shown in the attached
figures may represent the hardware that operates based on sofiware or hardwired
instructions, the sofitware that directs hardware to perform the operations, or a

combination thereof.

[0031] The data acquisition modules 208 are generally referred to by the
reference number 208 and individually referred to by the reference numbers 208a, 208b,
and 208¢c. While three data acquisition modules 208 are shown, alternatively, a smaller
or larger number of data acquisition modules 208 maybbe provided. The data acquisition
modules 208 interface with the controller devices 206 to acquire the data parameters
obtained by the controller devices 206 from the components 204. While each of the data
acquisition modules 208 is shown as only interfacing or communicating with a single
controller device 206, alternatively, one or more of the data acquisition modules 208 may
interface with a plurality of the controller devices 206, or plural of the data acquisition

modules may interface with the same, single controller device.

{0032] In the distribution system 200, the data acquisition modules 208 may be
referred to as “sources” of the available data parameters, since the data acquisition

modules 208 acquire the data parameters from the controller devices 206 and produce the
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data parameters for consumption {e.g., use) by one or more other parts of the system 200,

such as service modules 214 described below.

[0033] The data acquisition modules 208 are operably coupled with shared
memories 210 (“Shared Memory #1” and “Shared Memory #27). The shared memories
210 are generally referred to by the reference number 210 and individually referred to by
the reference numbers 210a and 210b. Wﬁiiﬂ two shared memories 210 are shown,
alternatively, a smaller or larger number of shared memories 210 may be provided. The
data acquisition modules 208 interface with the shared memories 210 to transmit the data
parameters to the shared memories 210. The shared memories 210 store the data
parameters. A single data acquisition module 208 may interface with a single shared
memory 210, plural data acquisition modules 208 may interface with a single shared
memory 210, and/or a single data acquisition module 208 may interface with plural

shared memories 210.

[0034] The shared memories 210 may include a tangible and non-transitory
computer readable storage medium, such as a physical device that stores the data
parameters on a temporary or permanent basis for use by another device, such as the
service modules 214 described below. The shared memories 210 may include one or
more volatile and/or non-volatile memory devices, such as random access memory
(RAM), static random access memory {SRAM), dynamic RAM (DRAM), another type of
RAM, read only memory (ROM), flash memory, magnetic storage devices {(e.g., hard
discs, floppy discs, or magnetic tapes), optical discs, and the like. In one embodiment,
the shared memories are a single memory unit or device, such as a single hard disc, a
single solid state drive, or a RAM/ROM unit of a controller. In another embodiment, all
the data acquisition modules interface with a single memory unit or device, such as a

single hard disc, a single solid state drive, or a RAM/ROM unit of a controller.
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[0035] The data acquisition modules 208 and the shared memories 210 are
operably coupled with a data distributor module 212 (“Distributor Module”) in the
illustrated embodiment. The data distributor module 212 manages and conirols the
distribution of the data parameters through the system 200 in a modular manner in one
embodiment, as described below. For example, the data distributor module 212 may
receive lists of data parameters requested by different service modules 214 (eg,
“requested data parameters”). The data distributor module 212 may determine which
data acquisition modules 208 acquire the requested data parameters and notify the data
acquisition modules 208 as to which data parameters are being requested. The data
distributor module 212 can direct one or more of the data acquisition modules 208 to
store the values of the requested data parameters in one or more of the shared memories
210. The data acquisition modules 208 store the values of the data parameters in the
shared memories 210 and notify the data distributor module 212 where the values are
stored in the shared memories 210. In one embodiment, for each of the service modules
214, the data distributor module 212 retrieves the values of the requested data parameters
from the shared memories 210 for each service module 214 and communicates the values

in a message for the corresponding service module 214,

[0036] The service modules 214 (*Service Module #1,” “IG,” and “Service
Module #N”) are operably coupled with the data distributor module 212. The service
modules 214 are generally referred to by the reference number 214 and individually
referred to by the reference numbers 214a, 214b, 214¢c. While three service modules 214
are shown, alternatively, a smaller or larger number of service modules 214 may be

provided.

[0037] The service modules 214 perform functions based on, or by using, at
least some of the data parameters. For example, the service modules 214 interface with

the data distributor module 212 to receive the published data parameters from the data
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distributor module 212 in one embodiment. Alternatively, the service modules 214 may

interface directly with the shared memories 210 to obtain the indexed data parameters.

[0038] The service modules 214 may be referred to as consumers of the data
parameters as the service modules 214 receive and use the data parameters to perform
one or more functions. A wide variety of functions related to operations of the vehicle
202 may be performed Ey the service modules 214. By way of example, a service
module 214 may provide a digital video recorder {(e.g., a locomotive digital video
recorder or LDVR provided by General Electric Company) that obtains video recordings
based on the data parameters (¢.g., the data parameters may indicate when and/or where
to record video). As another example, a service module 214 may provide asset tracking
services {€.g., asset tracking system or ATS provided by General Electric Company) that
monitors locations of assets {e.g., non-powered units and/or cargo such as goods and/or

passengers) being propelled or conveyed by the vehicle 202 based on the data parameters.

[0039] A service module 214 may provide control services that control
operations of the vehicle 202 and/or one or more other vehicles coupled or interconnected
with the vehicle 202. For example, a service module 214 may use the data parameters to
control the tractive efforts (e.g., by controlling throttle settings) provided by a propulsion
subsystem of the vehicle 202 and/or to control braking efforts (e.g., by controlling brake
settings) provided by brakes of the vehicle 202. The service module 214 may be part of a
positive train control (PTC) system or a distributed power (DP) system that controls the
tractive efforts and/or braking efforts of the vehicle 202 and/or one or more other
powered units and/or non-powered units of a consist 100 (shown in Figure 1) based on
the data parameters. Alternatively, one or more of the service modules 214 may provide
an energy management application that controls tractive effort and/or braking effort of
the vehicle 202 (and/or one or more other powered units or vehicles of a consist 100)
based on the data parameters. For example, a service module 214 may control throtile

settings and/or brake settings based on a variety of factors represented by the data
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parameters, such as the types {e.g., horsepower provided) of powered units in a consist
100, the weight of cargo carried by the consist 100, the grade and/or curvature of the
track 114 shown in Figure 1, a geographic location obtained by a GPS receiver, and the
like, in order to reduce fuel consumption by the consist 100. One example of such an
energy management application may be Trip Optimizer™ provided by General Electric

Company.

{00407 Other examples of a function provided by the service modules 214 can
include control of cab signaling of a rail vehicle, an event recorder that monitors and
records events related to operation of the vehicle 202, a location recorder that determines
a geographic location of the vehicle 202 based on GPS sensor data received by a GPS
receiver as a data parameter, fuel monitoring, radio monitoring, a visual display of
operations or conditions of one or more components 204 of the vehicle 202, and the like.
The above examples are provided for illustration and are not intended to be limiting on

all embodiments of the presently described subject matter.

[0041] In the illustrated embodiment, the service module 214b includes or
represents an information gateway (“IG”). An information gateway includes a module or
component that i)rovides a communication interface between the distribution system 200
and one or more client modules 216 (“Client #1,” “Client #2,” and “Client #N”). In one
embodiment, the information gateway of the service module 214b may be referred toas a
locomotive information gateway, or LIG. The client modules 216 are generally referred
to by the reference number 216 and individually referred to by the reference numbers
216a, 216b, 216¢c. While three client modules 216 are shown, alternatively, a smaller or

larger number of client modules 216 may be provided.

{0042] The client modules 216 may provide additional or redundant functions
that are provided by the service modules 214. In one embodiment, the client modules

216 can include service modules that are similar to the service modules 214 but are
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provided or installed on the vehicle 202 by a third party, while the service modules 214
are provided or installed on the vehicle 202 by a manufacturer or installer of one or more
of the data acquisition modules 208, the data distributor module 212, the controller
devices 206, and/or the components 204 on the rail vehicle 202. The term “third party”
can include non-original equipment manufacturers (OEMs) of the vehicle 202 and/or the
distribution system 200. Alternatively, a third party may be determined based on the
format in which the client modules 216 handle the data parameters. For example, a third
party client module 216 may use a first propriety protocol or closed protocol {e.g., not
open or compatible with other proprietary protocols without conversion of the data) while
the manufacturer or installer of the data acquisition modules 208 and/or the data
distributor module 212 uses a different, second proprietary protocol or an open protocol
to communicate and/or store the data parameters. The service module 214b may convert
the protocol of the data parameters between the different protocels. The service module
214b may act as an interface gateway between third party service modules and the system
200 such that data parameters and the system 200 remain secure from the third party

service modules yet are able to communicate data parameters therebetween.

[0043] Figure 3 is a diagram showing data or information flow 300 through the
system 200 shown in Figure 2 in accordance with one embodiment. Some of the
components, modules, devices, and other parts of the system 200 shown in Figure 2 are
not shown in Figure 3, but the description of the flow 300 of data and data parameters in
the system 200 that accompanies Figure 3 may equally apply to the non-illustrated

components, modules, devices, and other parts.

[0044] In operation, one or more of the service modules 214 determines which
data parameters are needed for the service modules 214 to perform the functions provided
by the service modules 214. For example, an énergy management application may need
data parameters that provide the types of locomotives in a train, the throttle settings, the

grade of the track, and the like. The service modules 214 form request lists that include
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identifiers related to the needed data parameters. For example, the service module 214
may form a request list that includes one or more identities (e.g., unique identification
numbers) associated with the data parameters being requested by the service modules
214. The identities may be referred o herein as “data parameter identifiers.” The service
modules 214 transmit 302 the request lists having the requested data parameters to the
- data distributor module 212 through one or more wired and/or wireless connections. The
term “requested data parameters” can mean the identifying information, such as the
unique identification numbers, associated with the data parameters requested by the

service modules 214, rather than the values of the requested data parameters.

[0045] The data distributor module 212 receives the request lists from one or
more of the service modules 214 and examines the request lists to determine which data
parameters are requested by the service modules 214, For example, the data distributor
module 212 may include a tangible and non-transitory computer readable storage
medium, such as or similar to the shared memories 210, that has a look-up table, list, or
other memory structure stored thereon. The table, list, or other memory structure may
provide associations between the identities of the requested data parameters and the data
acquisition modules 208 that acquire the corresponding data parameters. Table 1 below

provides one example of such a table, list, or other memory structure:

Table 1:
Data Parameter Identifier Data Acguisition Module
13571113 1
24689101 2
11235813 3

[0046] As shown in Table I, the first column includes several data parameter
identifiers and the second column includes numbers representative of different data
acquisition modules 208. The rows indicate which data parameter identifiers are

associated with which data acquisition modules 208. For example, the daia parameter
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identifier “13571113” is associated with a first data acquisition module 208 (e.g., “data
acquisition module #17), the data parameter identifier “24689101” is associated with a
different, second data acquisition module 208 {(e.g., “data acquisition module #27), the
data parameter identifier “11235813” is associated with a different, third data acquisition
module 208 {(e.g., “data acquisition module #37), and so on. Additional data parameter

identifiers and/or data acquisition modules 208 may be listed.

[0047] The association between the data parameter identifiers and the data
acquisition modules 208 indicates which data acquisition modules 208 obtain values of
the data parameters. For example, the first data acquisition module 208 obtains values
for the data parameter indicated by the data parameter identifier “13571113,” the second
data acquisition module 208 obtains values for the data parameter indicated by the data
parameter identifier “24689101,” the third data acquisition module 208 obtains values for
the data parameter indicated by the data parameter identifier “11235813,” and so on. In
one embodiment, a plurality of data parameter identifiers is associated with obtained by a
single data acquisition module 208. For example, a single data acquisition module 208
may obtain values for two or more data parameters. A single data parameter identifier
may be associated with a plurality of the data acquisition modules 208. For example, two

or more data acquisition modules 208 may obtain values for the same data parameter.

[0048] The data distributor module 212 determines which data acquisition
modules 208 obtain the values of the requested data parameters included in the request
list received for one or a plurality of the service modules 214 based on the table, list, or
other memory structure. In onc embodiment, the data distributor module 212 filters the
requests lists received from the service modules 214 by determining one or more sets of
requested data parameters obtained by the same data acquisition module 208 across a
plurality of the request lists. For example, the data distributor module 212 may examine
the request lists from several service modules and group or filter the requested data

parameters that are obtained by the same or a common data acquisition module 208 into a
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set. The data distributor module 212 can repeat this grouping or filtering for each of the

data acquisition modules 208 that obtain one or more of the requested data parameters.

{00491 Figure 4 illustrates several request lists 400, 402, 404, 406 of requested
data parameters and associated data acquisition modules 208 (shown in Figure 2) in
accordance with one example. Each request list 400, 402, 404, 406 represents the list of
data parameters requested by a different service module 214 (shown in Figure 2). The
left column in each request list 400, 402, 404, 406 includes the requested data parameter
and the right column includes the associated data acquisition module 208 that obtains the
values of the requested data parameter. The letters and numbers in the request lists 400,
402, 404, 406 are provided merely as examples. Alternatively, the left column of the

request lists 400, 402, 404, 406 may include the data parameter identifiers.

[0050] The data distributor module 212 (shown in Figure 2) can examine the
requests lists 400, 402, 404, 406 of several service modules 214 (shown in Figure 2) to
determine which of the data acquisition modules 208 (shown in Figure 2) obtain values of
data parameters included in one or more of the request lists 400, 402, 404, 406. The data
distributor module 212 can group the requested data parameters among several or all of
the request lists 400, 402, 404, 406 according to which data acquisition modules 208

obtain the requested data parameters.

[0051] For example, with respect to a first data acquisition module 208 (“Data
Acquisition Module #1” in Figure 4), each of the request lists 400, 402, 404 include the
requested data parameters “A” or “E” from the first data acquisition module 208. With
respect to a second data acquisition module 208 (“Data Acquisition Module #2” in Figure
4}, each of the request lists 400, 402, 404, 406 include the requested data parameters “B,”
“E)” “L” or “L” from the second data acquisition module 208. With respect to a third
data acquisition module 208 (“Data Acquisition Module #3” in Figure 4), each of the

request lists 400, 402, and 406 include the requested data parameter *“C,” “G,” or “L”
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from the third data acquisition module 208. With respect to a fourth data acquisition
module 208 (“Data Acquisition Module #4” in Figure 4), each of the request lists 400 and
404 include the requested data parameter “D” or “H” from the fourth data acquisition
module 208.

[0052] Based on the commonly-requested data parameters among the request
lists 400, 402, 404, 406, the data distributor module 212 forms one or more filtered lists
for one or more of the data acquisition modules 208. In one embodiment, the filtered list
for each of the data acquisition modules 208 indicates the requested data parameters that
are obtained by the same data acquisition module 208 by one or more of the service
modules 214, as indicated by the request lists 400, 402, 404, 406. Each of the filtered
lists may include the data parameters requested from a common data acquisition module
from one or more different service modules. With respect to the above example, the data
distributor module 212 may form a first filtered list for the first data acquisition module
208 that includes the following requested data parameters: A (from the request lists 400,
404 associated with first and third service modules 214} and E (from the request list 402
associated with a second service module 214). The data distributor module 212 may
form a second filtered list for the second data acquisition module 208 that includes the
following requested data parameters: B (from the request lists 400, 402, and 404), F
{from the request list 402}, and J and K (from the request list 406 associated with a fourth
service module 214). The data distributor module 212 may form a third filtered list for
the third data acquisition module 208 that includes the following requested data
parameters: C (from the request lists 400 and 402), G (from the request list 402), and L
{from the request list 406). The data distributor module 212 may form a fourth filtered
list for the fourth data acquisition module 208 that includes the following requested data

parameters: I3 (from the request list 400} and H (from the request list 404).

[0053] Returning to the discussion of the flow 300 of information shown in

Figure 3, the data distributor module 212 sends 304 the filtered lists to the corresponding
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data acquisition modules 208. For example, the first filtered list described above may be
sent to the first data acquisition module 208a and the second filtered list may be sent to
the second data acquisition module 208b. Other filtered lists may be sent to other data
acquisition modules 208. In one embodiment, the data acquisition modules 208 receive
filtered lists that include only the data parameters that are obtained by the receiving data
acquisition module 208. For example, the first filtered list may include only the data
parameters that are acquired by the first data acquisition module 208a and the second
filtered list may include only the data parameters that are acquired by the second data
acquisition module 208b, regardless of which service module 214 requested the data

parameters.

[0054] The data acquisition modules 208 obtain 306 values of the requested
data parameters included in the received filtered list from the controller devices 206. For
example, the first data acquisition module 208a may request or acquire values of the data
parameters listed in the first filtered list received from the data distributor module 212
and the second data acquisition module 208b may request or acquire values of the data

parameters listed in the second filtered list received from the data distributor module 212.

[0055] In one embodiment, the data acquisition modules 208 may periodically
obtain updated or current values of the data parameters based on a predetermined rate.
The predetermined rate may be a rate that is dictated by the controller device 2063 or
206b, or by the data acquisition module 208a or 208b. Alternatively, the service modules
214 may include a requested acquisition rate along with the requested data parameters in
the request lists 400, 402, 404, 406 (shown in Figure 4). The data distributor module 212
may convey the requested acquisition rate to the corresponding data acquisition modules
208 and the data acquisition modules 208 may obtain the data parameters at the requested
acquisition rate. In another embodiment, a data acquisition module 208 may compare a
requested acquisition rate to a predetermined acquisition rate of the data acquisition

module 208 and reject the requested acquisition rate and use the predetermined
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acquisition rate if the requested acquisition rate conflicts with (e.g., has a greater

frequency than the) predetermined acquisition rate.

[0056] The data acquisition modules 208 save 308 {(e.g., record) the values of
the data parameters on one or more of the shared memories 210. In one embodiment, the
data acquisition modules 208 create a memory index that specifies locations in the shared
memories 210 where the values of the different data parameters are saved (e.g.,
recorded). For example, the data acquisition modules 208 may generate memory indices
that provide addresses on the shared memories 210 where the various data parameters are
stored and may be retrieved from the shared memories 210. In one embodiment, one or
more of the data acquisition modules 208 may be assigned a unique portion of one or
more of the shared memories 210. The data acquisition modules 208 may save the data
parameters acquired by the data acquisition modules 208 in locations within the assigned
portions of the shared memories 210. The memory indices generated by the data
acquisition modules 208 indicate where in the different assigned portions of the shared

memories 210 from which the data parameters may be obtained.

[00571 The data acquisition modules 208 create response lists that associate the
data parameters with the memory indices of the shared memories 210 where the values of
the data parameters are stored. For example, the data acquisition modules 208 may create

tables that associated the different data parameters with different memory indices.

[0058] Figure 5 illustrates several response lists 500, 502, 504, 506 generated by
the data acquisition modules 208 (shown in Figure 2} in accordance with one example.
Each response list 500, 502, 504, 506 represents the list of data parameters acquired by
the associated data acquisition module 208, indications of the shared memory 210 (shown
in Figure 2) where the values of the data parameters are stored, and the memory index of
where the values are stored in the corresponding shared memory 210. The left column in

each response list 500, 502, 504, 506 includes the data parameter, the middle column
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includes the shared memory 210 where the value of the data parameter is stored, and the
right column includes the memory index of the shared memory 210 where the value of
the data parameter is stored. In one embodiment, the response lists 500, 502, 504, 506 do

not include values of the data parameters.

[0059] Returning to the discussion of the flow 300 of information shown in
Figure 3, the data acquisition modules 208 transmit 310 the response lists 500, 502, 504,
506 (shown in Figure 5} to the data distributor module 212. The data distributor module
212 uses the information in the received response lists 500, 502, 504, 506 to determine
where to obtain the values of the data parameters requested by the service modules 214.
For example, by referring to the response lists 500, 502, 504, 506, the data distributor
module 212 can retrieve the values of the data parameters requested by the service
modules 214 and histed in the request lists 400, 402, 404, 406 (shown in Figure 4) from

the service modules 214.

{0060] The data distributor module 212 uses the response lists 500, 502, 504,
506 from the data acquisition modules 208 and the request lists 400, 402, 404, 406 from
the service modules 214 to determine where to retrieve the values of the requested data
parameters and to determine where to send the retrieved values of the requested data
parameters. Based on the memory indices associated with the requested data parameters,
the data distributor module 212 retrieves 312 the values of the data parameters from the
shared memories 210. The data distributor module 212 can retrieve the values by reading

the values stored at the memory indices associated with the data parameters.

{06061] In one embodiment, for each of the service modules 214, the data
distributor module 212 retrieves the values of the data parameters requested by the
service module 214 and constructs a message for transmission to the service module 214
that includes the values. Alternatively, the data distributor module 212 may retrieve the

values of data parameters requested by a plurality of the service modules 214 and
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construct a message for the plural service modules 214 that includes the values. For
example, the data distributor module 212 may form the same, or a commeon, message for
multiple service modules 214. The message may be in the form of a list, table, or other

memory structure.

[0062] Table 2 provides an example of contents of a message that may be
formed by the data distributor module 212. The actual format of the message may differ

from Table 2, but the information in the message may correspond to the information

below.
Table 2:
Data Parameter Value
A 12.34
B LOW
C 4]
D 41.90, -87.68

[0063] The contents of the message represented by Table 2 may correspond to
the values of the requested data parameters in the request list 400 shown in Figure 4. For
example, the left column of Table 2 may include the data parameters that were requeséed
by the first service module 214 and the right column of Table 2 may include the
corresponding values of the data parameters, as obtained by the data acquisition modules
208 and retrieved from the shared memories 210 by the data distributor module 212, In
one embodiment, the values of the data parameters to be included in a message are
concatenated by the data distributor module 212, For example, with respect to the
example of Table 2 above, the message may be formed as “12.34 LOW 0 41.90 -87.68”
or as a series of binary digits (e.g., 0 and 1). Alternatively, another protocol or format

may be used.
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[0064] The messages formed by the data distributor module 212 are transmitted
314 to the service modules 214. For example, the message or messages that include
values of the data parameters requested by the first service module 214a can be
transmitted from the data distributor module 212 to the first service module 2144, the
message or messages that include values of the data parameters requested by the second
service module 214b can be transmitted from the data distributor module 212 to the
second service module 214b, and so on. The transmission of the messages {0 the service
modules 214 may be referred to as publishing the data parameters to the service modules
214. The service modules 214 may receive published messages that include the values of

the data parameters requested by the service modules 214,

{0065] The data distributor module 212 sends the messages that include the data
parameters to the various service modules 214 at one or more publication rate. A
“publication rate” means the rate or frequency at which one or more of the values of the
requested data parameters are sent to one or more of the service modules 214. The
service modules 214 may inform the data distributor module 212 of the publication rate
that is requested by each of the service modules 214 in the request lists that are sent to the
data distributor module 212. For example, in addition to providing the requested data
parameters in the request list, one or more of the service modules 214 may include
publication rates in the request lists that notify the data distribuior module 212 of the
rates at which the service modules 214 want the values of the requested data parameters
transmitted from the data distributor module 212 to the service modules 214. The data
distributor module 212 can instruct the data acquisition modules 208 to acquire and save
the values of the data parameters based on the requested publication rates sent by the
service modules 214. Alternatively, one or more of the data acquisition modules 208
may acquire and/or save the values of one or more data parameters at a fixed or

predetermined rate.
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{0066] The service modules 214 may request the data parameters from the data
distributor module 212 at different rates. For example, a first service module 214a may
request values of a data parameter at a rate of once every sixty seconds while a second
service module 214b may request values of the data parameter at a rate of once every
second. The data distributor module 212 can compare the various publication rates
requested by two or more of the service modules 214 for the same data parameter to
determine a rate at which the data distributor module 212 instructs the corresponding data
acquisition module 208 to acquire and/or save values of the data parameter. For example,
the data distributor module 212 may determine which of the service modules 214 has
requested a faster publication rate. With respect to the above example, the data
distributor module 212 can determine that the second service module 214b has a faster
requested publication rate because the second service module 214b requests that the data
parameter be published once every second while the first service module 214 only

requests publication once every sixty seconds.

{06067] In one embodiment, based on this comparison, the data distributor
module 212 can direct the corresponding data acquisition module 208 to acquire and/or
save the values of the requested data parameter at a rate that is based on the faster of the
requested publication rates. In continuing with the above example, the data distributor
module 212 may direct the data acquisition module 212 to acquire and/or save the values
of the data parameter at a rate that is as fast as, or no slower than, the faster of the
requested publication rates submitied by two or more of the service modules 214. The
data distributor module 212 may then publish the values of the data parameter from the
shared memory 210 to the second service module 214b at a rate of at least once every
second while the data distributor module 212 may only publish the values of the data

parameter to the first service module 214a at a rate of at least once every sixty seconds.

[0068] In accordance with one embodiment, the values of the requested data

parameters are pertodically returned to the service modules 214, Alternatively, the values
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may be returned in a non-periodic manner. For example, a data acquisition module 208
may send a notification message to the data distributor module 212 when a value of a
data parameter that is obtained from a controller device 206 associated with the data
acquisition module 208 is available and/or is updated. The value of the data parameter
may be available and/or updated in a non-periodic manner. For example, a data
parameter that represents the setting or position of a switch may only be updated when
the switch changes positions. When such a switch changes positions, the data acquisition
module 208 may send an asynchronous notification message to the data distributor
module 212 to notify the data distributor module 212 that the value of the corresponding
data parameter is available and/or updated. The data acquisition module 208 stores the
newly available and/or updated value of the data parameter in the shared memory 210, as
described above. Upon receipt of the notification message, the data distributor module
208 may obtain the value of the data parameter from the shared memory 210 and include

the value in a message that is sent to the service modules 214.

{0069] The management of the requests for data parameters and the publication
of the data parameters through the centralized data distribution module 212 as described
above can reduce the amount of computer processing resources and/or memory resources
that are consumed. For example, the filtering of the requests for the data parameters
and/or the transmission of locations where the values of the data parameters are stored
instead of the actual values of the data parameters can reduce the processing and/or
memory resources needed to request, retrieve, and/or publish the values of the data

parameters.

{00701 In accordance with one embodiment, the system 200 can be a modular
system for requesting and publishing values of data parameters to the service modules
214. The system 200 may be modular in that various components separately perform
functions such that the system 200 may be scalable. For example, additional service

modules 214 may be added to the system 200 and may request data parameters from the
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data distributor module 212, with each service module 214 forming a request list and the
data distributor module 212 filtering the request lists according to the data acquisition
modules 208, obtaining memory indices of the data parameters, retrieving the values of
the data parameters, and publishing the values to the various service modules 214.
Similarly, a larger number of controllers 206 (shown in Figure 2), data acquisition
modules 208, and/or shared memories 210 may be added to the system 200 and the data
distributor module 212 may continue to receive and filter request lists, and obtain and
transmit values of the data parameters, as described above. In one embodiment, the
requests for the data parameters and the values of the data parameters pass through and
are handled by the data distributor module 212. Additional data acquisition modules 208
and/or service modules 214 may be added to the system and the data distributor module
212 may continue to control the flow of the data parameters throughout the system 200 as

described above,

[0071] Figure 6 is a schematic diagram of one embodiment of the data
distributor module 212. As described above, the data distributor module 212 may include
a hardware and/or software system that operates to perform one or more functions. In the
illustrated embodiment, the data distributor module 212 includes several submodules that
perform various functions described herein. One or more of the submodules may include
at least a portion of the hardware and/or software that forms the data distributor module
212. For example, each of the submodules may represent a single processor or multiple
processors and/or a single software application or multiple applications that are part of
the data distributor module 212. Alternatively, a plurality of all of the submodules may
represent a single processor and/or a single software application that is part of the data

distributor module 212.

[0072] A request list submodule 600 receives the request lists {e.g., the request
lists 400, 402, 404, 406 shown in Figure 4) from the service modules 214, as described

above. The request list submodule 600 conveys the request lists to a filter submodule
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602. The filter submodule 602 filters the requested data parameters included in the
request lists according to which of the data acquisition modules 208 acquires values of
the requested data parameters, as described above. The filter submodule 602 can form
the filtered lists that each includes the requested data parameters associated with a
different data acquisition module 208 among one or more of the request lists. The filter
submodule 602 transmits the filtered lists to the data acquisition modules 208 in order for
the data acquisition modules 208 to store the values of the requested data parameters in

the shared memory 210, as described above.

[0073] A reader submodule 604 receives the response lists generated by the data
acquisition modules 208. As described above, the response lists can include the memory
indices that indicate where the values of the requested data parameters are stored in the
shared memory 210. The reader submodule 604 uses the memory indices to retrieve
(e.g., read) the values of the requested data parameters from the shared memory 210. The
reader submodule 604 communicates the retrieved values of the data parameters to a

publication submodule 606,

[0074] The publication submodule 606 forms one or more messages that include
the values of the requested data para:néters for the service modules 214. For example,
the publication submodule 606 may create one or more data signals that include the
values of the data parameters that are requested by one of the service modules 214 and
communicate the one or more data signals for the service module 214. The publication
submodule 606 may form a plurality of different messages for a plurality of different
service modules 214 based on which data parameters are requested by which service

modules 214.

[0075] Figure 7 is a flowchart of one embodiment of a method 700 for
distributing data in a vehicle. The method 700 may be used in conjunction with the

system 200 (shown in Figure 2} to communicate requests for values of data parameters
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from the service modules 214 (shown in Figure 2) and the publishing of the values to the

service modules 214 as described above.

[0076] At 702, one or more data parameter request lists are sent from service
modules. For example, the service modules 214 (shown in Figure 2) may transmit
request lists 400, 402, 404, 406 (shown in Figure 4) for the values of data parameters
requested by the service m@dﬁies 214 to perform one or more functions, as described

above. The request lists may be sent to the data distributor module 212 (shown in Figure

2).

[0077] At 704, the data parameters in the request lists are filtered according to
which data acquisition modules acquire the data parameters. For example, the data
distributor module 212 (shown in Figure 2} may sort the requested data parameters by
plural service modules 214 (shown in Figure 2) according to which data acquisition
modules 208 (shown in Figure 2) obtain the values of the requested data parameters. The
filtered sets of requested data parameters can be sent to the corresponding data

acquisition modules 208, as described above.

[0078] At 706, the values of the requested data parameters are requested or
obtained from controller devices. For example, a data acquisition module 208 (shown in
Figure 2) may obtain the values of the data parameters in a filtered list associated with the
data acquisition module 208 and received from the data distributor module 212 (shown in
Figure 2). The data acquisition modules 208 may retrieve the values from the controller

devices 206 (shown in Figure 2}, as described above.

[0079] At 708, the values of the data parameters that are obtained from the
controller devices 206 are stored in one or more shared memories. For example, the data
acquisition modules 208 (shown in Figure 2) may store the values of the data parameters
that are retrieved from the controller devices 206 (shown in Figure 2) in one or more of

the shared memories 210 (shown in Figure 2). The values may be stored in a region or

-30-



WO 2012/173953 PCT/US2012/041989

portion of the shared memories 210 and a memory index of where the values are stored

may be generated, as described above,

[0080] At 710, one or more response lists that include the requested data
parameters and the associated memory indices of where the values of the data parameters
are stored are returned to the data distributor module. As described above, the response
lists may indicate w.here the values of the requested data parameters are stored in the

shared memories 210 (shown in Figure 2).

[0081] At 712, values of the requested data parameters are read from the shared
memory or memories at the associated memory indices. For example, the data distributor
module 212 (shown in Figure 2} may use the memory indices associated with the data
parameters and included in the response lists received from the data acquisition modules
208 (shown in Figure 2}, as well as the list of requested data parameters in the request
lists received from the service modules 214 (shown in Figure 2}, to obtain the values of

the data parameters from the shared memories 210 (shown in Figure 2).

{0082] At 714, the values of the requested data parameters are included in
messages that are sent to the service modules that requested the values. For example, the
data distributor module 212 (shown in Figure 2} may form one or more messages {e.g.,
such as concatenated messages or other messages) for each service module 214 (shown in
Figure 2). The message for a service module 214 may include the values of the data
parameters requested by the service module 214. The service module 214 receives the
message and can use the values contained therein to perform one or more functions

related to operation of the vehicle 202 (shown in Figure 2).

[0083] In accordance with one embodiment, a data distribution system for a
vehicle is provided. The distribution system includes a data distributor module. The data
distributor module is configured to be communicatively coupled with a first data

acquisition module that obtains values of one or more available data parameters related to
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operation of the vehicle, a first service module that provides one or more functions for the
vehicle based on the values, and a memory. The data distributor module is further
configured to receive a first request list from the first service module that includes one or
more requested data parameters of the available data parameters. The data distributor
module also is configured for the first data acquisition module to store the values of the
requested data parameters in the memory. The data distributor module further is
configured to retrieve the values of one or more of the requested data parameters from the
memory and communicate the values that are retrieved to the first service module for the
first service module to use the values that are retrieved to provide the one or more

functions for the vehicle.

[0084] In another aspect, the service module is configured to use at least one of
the values communicated from the data distributor module to control at least one of

tractive effort or braking effort provided by the vehicle.

{0085] In another aspect, the data distributor module is configured to receive a
memory index from the first data acquisition module. The memory index indicates where
the values of one or more of the requested data parameters are stored in the memory. The
data distributor module is confi gured to retrieve the values from the memory according to

the memory index.

[0086] In another aspect, the data distributor module is configured to receive at
least a second request list from at least a second service module. The first request list and
the second request list include the requested data parameters provided by the first data
acquisition module and at least a different, second data acquisition module. The data
distributor module is further configured to filter the requested data parameters in the first
request list and the second request list according to which of the first data acquisition
module and the second data acquisition module provide the values of the requested data

parameters.
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{0087] In another aspect, the data distributor module is configured to send at
least one third list of the requesied data parameters that are filtered to the first data
acquisition module and to the second data acquisition module based on which of the first
data acquisition module and the second data acquisition module obtains the values of the

requested data parameters.

{0088] In another aspect, the data distributor module is configured to receive a
response list from the first data acquisition module that indicates where the values of the
requested data parameters are stored in the memory. The data distributor module is
further configured to retrieve the values of the requested data parameters based on the

response list.

(0088} In another aspect, the data distributor module is configured to
periodically retrieve the values of the requested data parameters from the memory and

send the values that are retrieved to the first service module.

[0090] In another aspect, the data distributor module is configured to receive an
asynchronous notification from the first data acquisition module when the value of one or
more of the requested data parameters is at least one of available or updated. The data
distributor module is further configured to, in response to the asynchronous notification,
retrieve, from the memory, the value that is at least one of available or updated and send

the value to the first service module.

[0091] In another embodiment, a data distribution system for a vehicle is
provided that includes a data distributor module and a shared memory. The data
distributor module is communicatively coupled with the shared memory and is
configured to receive requests for data parameters from a plurality of service modules,
filter the requests for the data parameters, and communicate the filtered requests for the
data parameters to a plurality of data acquisition modules that generate the data

parameters and store the data parameters in the shared memory. The data parameters
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relate to operations of the vehicle. The data distributor module also is configured to at
least one of: retrieve the data parameters from the shared memory, based on memory
indices of the stored data parameters received from the data acquisition modules, and
communicate the data parameters that are retrieved from the shared memory to the
plurality of service modules for use by the plurality of service modules in performing one
or more functions for the vehicle; or communicate the memory indices to the plurality of
service modules for the service modules to retrieve the stored data parameters from the

shared memory.

[0092] In another aspect, the data distributor module is configured to
communicate the data parameters or the memory indices to the plurality of service

modules at one or more rates as requested by the service modules.

{0093] In another embodiment, a method for distributing data in a vehicle is
provided. The method includes receiving a first request list for values of one or more
requested data parameters. The values represent operations of the vehicle and used to
perform one or more functions for the vehicle. The method also includes determining
which of one or more data acquisition modules acquires the values of the one or more
requested data parameters and storing the values in a memory. The method further
includes retrieving the values from the memory in order to transmit the values to one or

more service modules that use the values to perform the functions for the vehicle.

[0094] In another aspect, the method also includes controlling at least one of
tractive efforts or braking efforts of the vehicle based on the values that are retrieved

from the memory.

[00S5] In another aspect, the method also includes receiving one or more
memory indices from the one or more data acquisition modules. The memory indices

indicate where the values of one or more of the requested data parameters are stored in
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the memory. The retrieving step can include reading the values from the memory

according to the memory index.

[0096] In another aspect, the receiving step includes receiving at least a second
request list including one or more of the requested data parameters. The first request list
and the second request list can include the requested data parameters provided by
different ones of the one or more data acquisition modules. The method may further
comprise filtering the requested data parameters in the first request list and the second
request list according to which of the data acquisition modules provide the values of the

requested data parameters.

[0097] In another aspect, the method also includes sending the requested data
parameters that are filtered to each of the data acquisition modules based on which of the

data acquisition modules obtains the values of the requested data parameters.

[0098] In another aspect, the method also includes receiving a response list from
one or more of the data acquisition modules that indicates where the values of the
requested data parameters are stored in the memory. The retrieving step can include

reading the values of the requested data parameters based on the response list,

[0099] In another aspect, the retrieving step includes periodically retrieving the
values of the requested data parameters and sending the values that are retrieved to the

one or more service modules.

[00100] In another aspect, the method also includes receiving an asynchronous
notification from one or more of the data acquisition modules when the value of one or
more of the requested data parameters is at least one of available or updated. The method
may further include retrieving the value that is at least one of available or updated in
order to transmit the value that is at least one of available or updated to the first service

module in response to the asynchronous notification.
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[00101] In another embodiment, another method for distributing data in a
vehicle is provided. The method includes receiving requests for data parameters from a
plurality of service modules. The data parameters relate to operations of the vehicle, The
method also includes filtering the requests for the data parameters and communicating the
requests that are filtered for the data parameters to a plurality of data acquisition modules
that generate the data parameters and store the data parameters in a shared memory with
memory indices representative of where the data parameters are stored. The method also
includes at least one of: retrieving the data parameters from the shared memory, based on
memory indices of the data parameters that are stored in the shared memory and received
from the data acquisition modules, and communicating the data parameters that are
retrieved from the shared memory to the plurality of service modules for use by the
plurality of service modules in performing one or more functions for the vehicle; or
communicating the memory indices to the plurality of service modules for the service
modules to retrieve the stored data parameters from the shared memory based on the

memory indices.

[00102] In another embodiment, another data distribution system for a vehicle is
provided. The distribution system includes a request list submodule, a filter submodule, a
reader submodule, and a publication submodule. The request list submodule is
configured to receive requests for values of one or more available data parameters from
plural service modules of the vehicle. The data parameters represent operations of the
vehicle. The filter submodule is configured to filter the requests based on which of plural
data acquisition modules of the vehicle acquire the values of the data parameters in the
requests. One or more of the data acquisition modules store the values in a shared
memory. The reader submodule is configured to retrieve the values of the data
parameters in the requests from the shared memory. The publication submodule is

configured to form one or more messages for transmission to the service modules. The
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one or more messages include the values of the data parameters that are requested by the

service modules,

{00103] In another aspect, at least one of the service modules is configured to
use one or more of the values communicated from the publication submodule to the at
least one of the service modules to control at least one of tractive effort or braking effort

provided by the vehicle,

[00104] In another aspect, the reader submodule is configured to receive one or
more memory indices from the one or more data acquisition modules. The memory
indices can indicate where the values of the data parameters are stored in the memory by

the one or more data acguisition modules.

[00105] In another aspect, the filter submodule is configured to send the data
parameters of the requests that are filtered to each of the plural data acquisition modules
based on which of the data acquisition modules obtains the values of the data parameters

of the requests.

[00106] It is to be understood that the above description is intended to be
illustrative, and not restrictive. For example, the above-described embodiments (and/or
aspects thereof) may be used in combination with each other. In addition, many
medifications may be made to adapt a particular situation or material to the teachings of
the inventive subject matter without departing from its scope. While the dimensions and
types of materials described herein are intended to define the parameters of the disclosed
subject matter, they are by no means limiting and are exemplary embodiments. Many
other embodiments will be apparent to one of ordinary skill in the art upon reviewing the
above description. The scope of the inventive subject matter should, therefore, be
determined with reference to the appended claims, along with the full scope of
equivalents to which such claims are entitied. In the appended claims, the terms

“including” and “in which” are used as the plain-English equivalents of the respective
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terms “comprising” and “wherein.” Moreover, in the following claims, the terms “first,”
“second,” and “third,” etc. are used merely as labels, and are not intended to impose
numerical requirements on their objects. Further, the limitations of the following claims
are not written in means-plus-function format and are not intended to be interpreted based
on 35 U.8.C. § 112, sixth paragraph, unless and until such claim limitations expressly use

the phrase “means for” followed by a statement of function void of further structure,

[00107] This written description uses examples to disclose several embodiments
of the inventive subject matter, including the best mode, and also to enable a person of
ordinary skill in the art to practice the embodiments of inventive subject matter, including
making and using any devices or systems and performing any incorporated methods. The
patentable scope of the inventive subject matter is defined by the claims, and may include
other examples that occur to a person of ordinary skill in the art. Such other examples are
intended to be within the scope of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal languages of the claims.

[00108] The foregoing description of certain embodiments of the present
inventive subject matter will be better understood when read in conjunction with the
appended drawings. To the extent that the figures illustrate diagrams of the functional
blocks of various embodiments, the functional blocks are not necessarily indicative of the
division between hardware circuitry. Thus, for example, one or more of the functional
blocks (for example, processors or memories} may be implemented in a single piece of
hardware (for example, a general purpose signal processor, microcontroller, random
access memory, hard disk, and the like). Similarly, the programs may be stand alone
programs, may be incorporated as subroutines in an operating system, may be functions
in an installed software package, and the like. The various embodiments are not limited

to the arrangements and instrumentality shown in the drawings.
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[00109] As used herein, an element or step recited in the singular and proceeded
with the word “a” or “an” should be understood as not excluding plural of said elements
or steps, unless such exclusion is explicitly stated. Furthermore, references to “one
embodiment” of the present inventive subject matter are not intended to be interpreted as
excluding the existence of additional embodiments that also incorporate the recited
features. Moreover, unless explicitly stated to the contrary, embodiments “comprising,”
“including,” or “having” an element or a plurality of elements having a particular

property may include additional such elements not having that property.

[00110] Since certain changes may be made in the above-described distribution
systems and methods, without departing from the spirit and scope of the inventive subject
matter herein involved, it is intended that all of the subject matier of the above
description or shown in the accompanying drawings shall be interpreted merely as
examples illustrating the inventive concept herein and shall not be construed as limiting

the inventive subject matter.
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CLAIMS:

1. A data distribution system for a vehicle, the distribution system

comprising:

a data distributor module configured to be communicatively coupled with a first
data acquisition module that obtains values of one or more available data parameters -
related to operation of the vehicle, a first service module that provides one or more
functions for the vehicle based on the values, and a memory, the data distributor module
configured to receive a first reguest list from the first service module that includes one or

more requested data parameters of the available data parameters;

wherein the data distributor module is configured for the first data acquisition

module to store the values of the requested data parameters in the memory; and

wherein the data distributor module is configured to retrieve the values of one or
more of the requested data parameters from the memory and communicate the values that
are retrieved to the first service module for the first service module to use the values that

are retrieved to provide the one or more functions for the vehicle.

2. The data distribution system of claim 1, wherein the service module is
configured to use at least one of the values communicated from the data distributor

module to control at least one of tractive effort or braking effort provided by the vehicle.

3. The data distribution system of claim 1, wherein the data distributor
module is configured to receive a memory index from the first data acquisition module,
the memory index indicating where the values of one or more of the requested data

parameters are stored in the memory; and

wherein the data distributor module is configured to retrieve the values from the

memory according to the memory index.
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4, The data distribution system of claim 1, wherein the dats distributor
module is configured to receive at least a second request list from at least a second
service module, the first request list and the second request list including the requested
data parameters provided by the first data acquisition module and at least a different,

second data acquisition module; and

wherein the data distributor module is configured to filter the requested data
parameters in the first request list and the second request list according to which of the
first data acquisition module and the second data acquisition module provide the values

of the requested data parameters.

5. The data distribution system of claim 4, wherein the data distributor
module is configured to send at least one third list of the requested data parameters that
are filtered to the first data acquisition module and to the second data acquisition module
based on which of the first data acquisition module and the second data acquisition

module obtains the values of the requested data parameters,

6. The data distribution system of claim 1, wherein the data distributor
module is configured to receive a response list from the first data acquisition module that

indicates where the values of the requested data parameters are stored in the memory; and

wherein the data distributor module is configured to retrieve the values of the

requested data parameters based on the response list.

7. The data distribution system of claim 1, wherein the data distributor
‘module is configured to periodically retrieve the values of the requested data parameters

from the memory and send the values that are retrieved to the first service module.

8. The data distribution system of claim 1, wherein the data distributor

module is configured to receive an asynchronous notification from the first data
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acquisition module when the value of one or more of the requested data parameters is at

least one of available or updated; and

the data distributor module is configured to, in response to the asynchronous
notification, retrieve from the memory the value that is at least one of available or

updated and send the value to the first service module.

9. A data distribution system for a vehicle, the distribution system

comprising:

a data distributor module and a shared memory, the data distributor module

communicatively coupled with the shared memory;

wherein the data distributor module is configured to receive requests for data
parameters from a plurality of service modules, filter the requests for the data parameters,
and communicate the filtered requests for the data parameters to a plurality of data
acquisition modules that generate the data parameters and store the data parameters in the

shared memory, and wherein the data parameters relate to operations of the vehicle;

wherein the data distributor module is further configured to at least one of:
retrieve the data parameters from the shared memory, based on memory indices of the
stored data parameters received from the data acquisition modules, and communicate the
data parameters that are retrieved from the shared memory to the plurality of service
modules for use by the plurality of service modules in performing one or more functions
for the vehicle; or communicate the memory indices to the plurality of service modules

for the service modules to retrieve the stored data parameters from the shared memory.

10.  The system of claim 9, wherein the data distributor module is configured
to communicate the data parameters or the memory indices to the plurality of service

modules at one or more rates as requested by the service modules.
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11. A method for distributing data in a vehicle, the method comprising:

receiving a first request list for values of one or more requested data parameters,
the values representative of operations of the vehicle and used to perform one or more

functions for the vehicle;

determining which of one or more data acquisition modules acquires the values of

the one or more requested data parameters;
storing the values in 2 memory; and

retrieving the values from the memory in order to transmit the values to one or

more service modules that use the values to perform the functions for the vehicle.

12.  The method of claim 11, further comprising controlling at least one of
tractive efforts or braking efforts of the vehicle based on the values that are retrieved

from the memory.

13.  The method of claim 11, further comprising receiving one or more
memory indices from the one or more data acquisition modules, the memory indices
indicating where the values of one or more of the requested data parameters are stored in
the memory, wherein the retrieving step includes reading the values from the memory

according to the memory index.

14.  The method of claim 11, wherein the receiving step includes receiving at
least a second request list including one or more of the requested data parameters, the
first request list and the second request list including the requested data parameters
provided by different ones of the one or more data acquisition modules, further
comprising filtering the requested data parameters in the first request list and the second
request list according to which of the data acquisition modules provide the values of the

requested data parameters.
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15.  The method of claim 14, further comprising sending the requested data
parameters that are filtered to each of the data acquisition modules based on which of the

data acquisition modules obtains the values of the requested data parameters.

16.  The method of claim 11, further comprising receiving a response list from
one or more of the data acquisition modules that indicates where the values of the
requested data parameters are stored in the memory, wherein the retrieving step includes

reading the values of the requested data parameters based on the response list.

17.  The method of claim 11, wherein the retrieving step includes periodically
retrieving the values of the requested data parameters and sending the values that are

retrieved to the one or more service modules.

18.  The method of claim 11, further comprising receiving an asynchronous
notification from one or more of the data acquisition modules when the value of one or

more of the requested data parameters is at least one of available or updated; and

retrieving the value that is at least one of available or updated in order to transmit
the value that is at least one of available or updated to the first service module in response

to the asynchronous notification.
19. A method for distributing data in a vehicle, the method comprising:

receiving requests for data parameters from a plurality of service modules, the

data parameters relating to operations of the vehicle;
filtering the requests for the data parameters;

communicating the requests that are filiered for the data parameters to a plurality

of data acquisition modules that generate the data parameters and store the data
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parameters in a shared memory with memory indices representative of where the data

parameters are stored; and
at least one of:

retrieving the data parameters from the shared memory, based on memory
indices of the data parameters that are stored in the shared memory and received
from the data acquisition modules, and communicating the data parameters that
are retrieved from the shared memory to the plurality of service modules for use
by the plurality of service modules in performing one or more functions for the

vehicle; or

communicating the memory indices to the plurality of service modules for
the service modules to reirieve the stored data parameters from the shared

memory based on the memory indices.

20. A data distribution system for a vehicle, the distribution system

comprising:

a request list submodule configured to receive requests for values of one or more
available data parameters from plural service modules of the vehicle, the data parameters

representing operations of the vehicle;

a filter submodule configured to filter the requests based on which of plural data
acquisition modules of the vehicle acquire the values of the data parameters in the
requests, wherein one or more of the data acquisition modules store the values in a shared

Menory;

a reader submodule configured to retrieve the values of the data parameters in the

requests from the shared memory; and
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a publication submodule configured to form one or more messages for
transmission to the service modules, wherein the one or more messages include the

values of the data parameters that are requested by the service modules.

21.  The data distribution system of claim 19, wherein at least one of the
service modules is configured to use one or more of the values communicated from the
publication submodule to the at least one of the service modules to control at least one of

tractive effort or braking effort provided by the vehicle.

22.  The data distribution system of claim 19, wherein the reader submodule is
configured to receive one or more memory indices from the one or more data acquisition
modules, the memory indices indicating where the values of the data parameters are

stored in the memory by the one or more data acquisition modules.

23, The data distribution system of claim 19, wherein the filter submodule is
configured to send the data parameters of the requests that are filtered to each of the
plural data acquisition modules based on which of the data acquisition modules obtains

the values of the data parameters of the requests.
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