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FIG. 1

(57) Abstract: A method of distributed control of train throttle and braking includes transmitting an instruction to a remote power
&= unit to apply at least one acceleration to the train at a future time; receiving the instruction; transmitting a confirmation that the remote
& power unit is armed to execute the instruction to a lead power unit; and computing a profile describing at least one acceleration to
be applied to the train as it travels over a predetermined route. The computation is determined at least in part on whether or not
the confirmation has been received by the lead power unit. The instructions may be contained in a profile which optimizes fuel
consumption, emissions, and/or trip time. The accelerations may be carried out by direct control or by prompting an operator. In
another aspect, the confirmed instructions may be used to ensure braking in accordance with a predetermined braking curve.
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DISTRIBUTED TRAIN CONTROL

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to trains and other rail vehicles and more

particularly to systems and methods for distributed control of trains.

[0002] Train cars are commonly provided with a type of air brake system which
functions to apply brakes on the car upon a pressure drop in a "brake pipe" that
interconnects the cars and to release the air brakes upon a pressure rise in the brake pipe.
The brake pipe is pressurized by a compressor in the locomotive. When braking is

desired, a brake valve in the locomotive bleeds air from the brake pipe through an orifice.

[0003] Such air brake systems may be controlled by a system referred to as
communication based train control ("CBTC") or positive train control ("PTC"). InaPTC
system, speed limits, temporary slow orders, movement authorities and other conditions
are conveyed to a train cab using electrical signals on the rails, transponders, or wireless
transmission so that aspect information can be directly displayed in the cab. An example
of such a system is described in U.S. Patent No. 5,533,695. An on-board computer scans
for speed restrictions and, if a reduced speed or stop is ahead, calculates a braking
distance or "braking curve" based on current speed, target speed, track gradient and train
braking ability. The "target speed" and calculated "distance to target" may be displayed
to the train crew. Then, the distance and time to where braking must start is calculated.
In case of failure by the crew to take necessary actions such as decelerating or braking,
the on-board computer can apply automated speed enforcement (i.e., penalty brake
application) through an interface to the air brake system known as a "penalty valve.”
Such PTC systems operate under the assumption that braking control is effected only by
a lead locomotive or power unit, or by multiple connected power units which are at the
front of the train. To assure safe braking, such systems usually assume a conservative
worst-case scenario of braking effectiveness when determining a point to initiate penalty

braking.
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[0004] It is also known to control braking, throttle, and other train functions remotely
using distributed power control systems for locomotives (hereinafter Distributed Power
or DP systems or simply DP), in which the operation of one or more remote locomotives
(or group of locomotives forming a locomotive remote) is remotely controlled from the
lead locomotive of the train by way of a radio or hard-wired communication system. One
such radio-based DP system is commercially available under the trade name
LOCOTROL, and is described in U.S. Patent No. 4,582,280, which enables
communications among locomotives when connected together to form a consist or at
spaced locations along the length of train when the locomotives are spaced apart by one

or more railcars.

[0005] DP systems can provide shorter braking curves because the brake pipe is being
bled down by two or more brake controllers (e.g., valve orifices), and the mean path
length of the brake pipe from each car to a control valve (orifice) is reduced. They can
also provide improved acceleration and/or tractive force. Known DP systems such as the
one described above are highly reliable, but are not generally considered "vital,” i.c.,
their communications protocols do not conform to any specific standards for safety-
critical train control operations that must be implemented in a fail-safe manner. If the

communications link is interrupted performance may be downgraded.
BRIEF SUMMARY OF THE INVENTION

[0006] These and other shortcomings of the prior art are addressed by the present
invention, which provides a method and apparatus for allowing power units distributed in

a train to be relied on for control of train functions.

[0007] According to one aspect of the invention, a method is provided of controlling a
train which includes a lead power unit, at least one remote power unit, and at least one
car. The method includes: (a) using a communications channel, transmitting to the
remote power unit an instruction for the remote power unit to apply at least one
acceleration to the train at a future time; (b) using the remote power unit to receive the
instruction;(c) using the communications channel, transmitting a confirmation that the

remote power unit is armed to execute the instruction from the remote power unit to the
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lead power unit; and (d) computing a profile describing at least one acceleration to be
applied to the train as it travels over a predetermined route. The computation is
determined at least in part on whether or not the confirmation has been received by the

lead power unit.

[0008] According to another aspect of the invention, a method is provided of controlling
a train that includes a lead power unit, at least one remote power unit, and at least one
car. The method includes: (a) computing a baseline profile describing a first set of
accelerations to be applied to the train as it travels over a predetermined route; (b)
computing an alternate profile describing a second set of accelerations to be applied to
the train as it travels over the predetermined route; (c) transmitting the alternate profile to
the remote power unit over a communications channel; (d) using the remote power unit
to receive the alternate profile; (e) transmitting a confirmation that the remote power unit
is armed to the alternate profile from the remote power unit to the lead power unit, over
the communications channel; and (f) in the absence of the confirmation from the remote
power unit, selecting baseline profile for use by the train; and (g) in the presence of the
confirmation from the remote power unit, selecting the alternate profile for use by the

train.

[0009] According to another aspect of the invention, a method is provided of controlling
a train which includes a lead power unit, at least one remote power unit, and at least one
car. The method includes: (a) computing a profile describing at least one acceleration to
be applied to the train as it travels over a predetermined route; (b) transmitting the profile
from the lead power unit to the remote power unit over a communications channel; (c)
using the lead power unit, applying at least one acceleration to the train in accordance
with the profile; (d) using the remote power unit to receive the profile;(e) transmitting a
confirmation that the remote power unit is armed to the profile from the remote power
unit to the lead power unit, over the communications channel; and (f) using the remote

power unit, applying accelerations to the train in accordance with the profile.

[0010] According to another aspect of the invention, a control system is provided for a
train including a lead power unit, at least one remote power unit, and at least one car
having a braking system. The control system includes:(a) a targeted braking system

-3-
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operably coupled to the braking system, the targeted braking system programmed to: (i)
identify a braking target located at a position ahead of the train; (ii) transmit braking
target data over a communications channel; and (iii) activate the braking system at a
braking point located prior to the braking target, the braking point being determined in
accordance with a predetermined braking curve. The system also includes (b) a remote
brake control system operably connected to the braking system, the remote brake control
system programmed to: (i) receive the braking target data; (ii) transmit a confirmation to
the targeted braking system over the communications channel that it is armed to the

braking target; and (iii) activate the braking system at the braking point.

[0011] According to yet another aspect of the invention, a method is provided of
controlling a train which includes a lead power unit carrying a targeted braking system, at
least one remote power unit carrying a remote brake control system, and at least one car
having a braking system operably connected to the power units. The method includes:
(a) using the targeted braking system, identifying a braking target located at a position
ahead of the train; (b) transmitting braking target data from the targeted braking system
to the remote brake control system over a communications channel; (¢) using the targeted
braking system, activating the braking system at a braking point located prior to the
braking target, the braking point being determined in accordance with a predetermined
braking curve; (d) using the remote brake control system to receive the braking target
data; (¢) transmitting a confirmation that the remote brake control system is armed to the
braking target from the remote brake control system to the targeted braking system, over
the communications channel; and (f) using the remote brake control system, activating

the braking system at the braking point.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention may be best understood by reference to the following description

taken in conjunction with the accompanying drawing figures in which:

[0013] Figure 1 is a schematic view of a train incorporating a distributed control system

constructed according to an aspect of the present invention;
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[0014] Figure 2 is schematic view showing the components of a distributed power

System;
[0015] Figure 3 is a schematic view showing the components of a PTC system;

[0016] Figure 4 is a schematic view showing the integration of DP and PTC devices in a

single power unit; and
[0017] Figure 5 is a graph illustrating an aspect of the operation of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0018] Referring to the drawings wherein identical reference numerals denote the
same elements throughout the various views, Figure 1 depicts a train 10 incorporating a
distributed control system constructed according to an aspect of the present invention.
The train 10 includes a plurality of coupled cars 12, and two or more locomotives or
other units which provide tractive force, referred to herein generally as "power units" 14.
The individual cars 12 are coupled together by a brake pipe 16, which conveys air
pressure changes specified by individual air brake controllers 18 in the power units 14.
As used herein, the term "air brake controller" refers generally to one or more
components which cooperate to selectively hold or release pressure from the brake pipe
16 and may include mechanical valves, electrical, or electronic controls associated with
those valves, or combinations thereof. Each of the cars 12 is provided with a known type
of air brake system which functions to apply air brakes on the car 12 upon a pressure

drop in the brake pipe 16 and to release the air brakes upon a pressure rise.

[0019] One of the power units 14, typically at the front of the train 10, is designated
as a "lead" power unit 14A, while the remaining power units 14 are designated as
"remote" power units 14B. The lead power unit 14A includes a lead radio transceiver
20A which functions to receive and transmit radio frequency (RF) communications over
an intra-consist communications channel. The specific frequency band and data format
is not critical. In one example, the channel is a single FM half-duplex communication
channel, and the individual radio transmissions contain a serial binary code which has

been FSK encoded. The lead power unit 14A also includes a lead distributed power
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(DP) system 22A and a targeted braking system 24, both operably connected to the lead
transceiver 20A and to the lead brake controller 18A. It is noted that, in the figures, the
lines shown connecting individual devices or components represent their logical or
functional interconnections and need not be physical connections. For example, in some

implementations these connections may take the form of messages on a data network.

[0020] The remote power unit 14B is equipped with a remote transceiver 20B,
remote DP system 22B, remote brake control system 25, and remote brake controller
18B, corresponding to the similar components in the lead power unit 14A. It will be
understood that the power units 14 may be identically equipped, and that any of the
power units 14 may function as the lead power unit 14A or a remote power unit 14B
depending upon setting of controls in the individual units. In the illustrated example, the
remote brake control system 25 is a targeted braking system identical to that in the lead
power unit 14A, but it will understood that a simpler unit may be used, as discussed in
more detail below. Furthermore, the remote brake control system 25 could be installed
on one of the unpowered railcars 12 or another vehicle in the train consist instead of one

of the remote power units 14B.

[0021] Figure 2 illustrates schematically the lead DP system 22A installed in the lead
power unit 14A, with the understanding that it is also representative of the installation in
the remote power unit 14B. It includes a console 26, which contains a plurality of
controls and alarms, coupled to an air brake console 28, which contains the controls for
various air brake functions. A DP control unit 30 is coupled to the console 26, the
transceiver 20A, and the airbrake controller 18A. Control inputs such as reverser
position, throttle setting, and braking (ranging from fully released through full or
emergency application) applied in the lead power unit 14A are encoded by the DP
control unit 30 and transmitted to the transceiver 18B in the remote power unit 14B. The
remote DP system 22B receives and decodes these commands and executes them in the
remote power unit 14B. Using one or more remote power units 14B substantially
reduces required braking distances, because there are two outflow points (e.g., brake
valve orifices) and because the mean path length of the brake pipe 16 between each car

and the closest outflow point is shorter than if only one brake controller 18 were used.
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[0022] Figure 3 illustrates schematically the targeted braking system 24, installed in the
lead power unit 14A, with the understanding that it is also representative of the
installation in the remote power unit 14B. A data radio 32 is normally in a receive mode
and decodes incoming profile and authority messages from wayside servers (not shown)
and delivers that data to a speed monitoring and enforcement computer, referred to as
targeted braking control unit 34. The hardware components of the targeted braking
control unit 34 include a central processing unit (CPU), a read-only memory for program
storage, a random access memory for storage of transient data derived from the input
dynamic and fixed data, and interfaces to the inputs and outputs of targeted braking

control unit 34 shown in Figure 2.

[0023] A positioning unit provides a position input to the targeted braking control unit
34, so that the targeted braking control unit 34 may determine the proper train control
instructions. In the illustrated example, the positioning unit is a Global Positioning
System (GPS) receiver interface module (RIM) 36 connected to an antenna 38, but other
devices or systems such as differential GPS, LORAN, INS, wheel tachometers, or
wayside transponders could be used in lieu of or in addition to GPS to provide position
information. Other inputs to the targeted braking control unit 34 include an input from a
speed sensor 40 such as axle tachometers on the locomotive and an input which monitors
the position of the reverser 42 in the control cab so that the targeted braking control unit
34 is made aware of the direction of movement of the train 10. Information from the
speed sensor 40 is, of course, readily converted into distance traveled and speed of
motion of the train 10 for use by the speed enforcement logic. For illustrative purposes,
the penalty brake command is depicted as being applied through the brake controller
18A. It is noted the targeted braking system 24, or the remote brake control system 25,
may be alternatively connected to the brake pipe 16 through a separate "penalty valve"

(not shown).

[0024] An operator display and control unit 46 located in the cab shows the train crew
data such as the "current speed" the train is traveling, the "speed limit" currently in effect,
the "current milepost," the "track name," the direction of movement, a "target speed" in

response to an upcoming speed restriction, a "distance to target" in feet, and a "time to
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penalty"” designated in seconds which informs the engineer of the time remaining before a
penalty brake will be applied if the train continues at its present speed. The group of
components described above constituting the targeted braking system 24 are typical of
what would be included in a train carrying a so-called Positive Train Control (PTC)
system. Similar systems are also referred to in the industry as Automatic Train
Protection (ATP) or Automatic Train Operation (ATO) systems. The key aspects of the
targeted braking system 24, regardless of its specific hardware configuration, are the
ability to identify a braking target, and operate the braking system of the train 10 if the

specified speed conditions at the braking target are not met.

[0025] In operation, the targeted braking control unit 34 scans for speed restrictions and,
if a reduction is ahead, calculates braking distance based on current speed, target speed,
track gradient and train braking ability. The "target speed" and calculated "distance to
target” are displayed to the train crew on the operator display 46. Then, the distance and
time to where braking must start is calculated. If the remaining time is less than a
predetermined limit, for example sixty seconds, "time to penalty” is displayed. If the
time remaining is less than another limit, for example one second, the penalty brake is
applied through interface 44. If the remaining time is greater than sixty seconds, no
action is taken. The targeted braking control unit 34 also sends routine data to the
operator display 46 to cause the display to show the "current speed,” "speed limit,"

"current milepost," and other information.

[0026] Figure 4 illustrates one possible method of integrating the targeted braking system
24 (or the remote braking unit 25) and the DP system 22. In this example, the targeted
braking control unit 34 is networked to the DP transceiver 20 so that messages may be
received by the DP transceiver 20 and passed to the targeted braking control unit 34, or
passed from the targeted braking control unit 34 to the DP transceiver 20 and then

broadcast.

[0027] Any reliable communications path may be used to transfer messages between the
lead power unit 14A and remote power units 14B (i.e., to provide the intra-consist
communications channel). For practical reasons, the DP transceiver 20 may be used as
described above. Alternatively, the existing targeted braking data radio channel (e.g.,

-8-
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900 MHz, 220 MHz, or 50 MHz bands) may be used. Many locomotives today are being
equipped with multiple communications radios and use a communications management
unit or mobile access router to select the best available path. For example, Figure 4
illustrates an optional communications management unit 48 which has access to several
different communications channels (e.g., FM, cellular, satellite) and which is operable to
pass data bidirectionally between the targeted braking control unit 34 and the best
available communications channel selected based on operating conditions. Wired
communications could also be used for all or part of the intra-consist communications

channel.

[0028] Referring back to Figure 1, the distributed control system operates as follows. In
an initial condition, the train 10 will operate under supervision of the targeted braking
system 24 as described above, while the remote braking control unit 25 remains in a
standby mode. When the targeted braking system 24 identifies a braking target ahead,
such as stopping point, depicted at "S" in Figure 5, a first plot of speed vs. distance or
"braking curve," denoted "C1," is referenced to determine a brake application point "P1"
which is a distance "D1" from the stopping point S. As a default condition, the targeted
braking system 24 will execute a penalty brake application if a speed reduction is not
made by the time the train 10 reaches point P1. The braking curve C1 is calculated based
on several factors, which include the configuration and mass of the train 10, speed,
braking performance for the particular train type, the grade of the track, etc. It is
calculated on a relatively conservative basis based on the assumption that the lead power
unit 14A performs all braking without assistance from the remote power unit 14B. This
may be referred to as a "long" braking curve. In addition to, or as an alternative to, a
simple check of speed reduction prior to or at braking point P1, the targeted braking
system 24 may also enforce the braking curve such that the train's plotted speed must

remain under the curve at all times.

[0029] Next, the lead targeted braking system 24 communicates the target to the remote
brake control system 25 over the intra-consist communications channel. In response, the
remote brake control unit 25 switches to an active mode, and tracks the distance to target.

As noted above, the remote brake control system 25 includes a positioning unit which
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determines the distance of the remote power unit 14B from the target (which in this case
is the stopping point S). Accordingly, distance to the target calculated by the remote
brake control system 25 may be reduced by the distance of the remote power unit 14B
from the lead power unit 14A, in order to arrive at a more accurate distant to target. The
remote brake control system 25 also "arms" itself ready to execute a penalty brake
application if a speed reduction does not begin by a brake application point "P2," which
is adistance "D2" from the target, which is substantially less than distance D1. The point
"P2" is determined in accordance with a second braking curve "C2." The second braking
curve C2, like the first braking curve Cl1, is calculated based on several factors which
include the mass and configuration of the train, speed, braking performance for the
particular train type, etc. Unlike the first or "long" braking curve C1, the second braking
curve C2 is calculated on a relatively optimistic basis, which presumes that the lead
power unit 14A is assisted by the remote power unit 14B in applying the train brakes.
This may be referred to as a "short" braking curve. In addition to, or as an alternative to,
a simple check of speed reduction prior to or at the braking point P2, the remote brake
control system 25 may also enforce the braking curve such that the train's plotted speed

must remain under the curve at all times.

[0030] When the remote brake control system 25 is armed, it sends a confirmation
message to the targeted braking unit 24 over the intra-consist communications channel.
The confirmation format preferably meets reliability standards for vital train control
information and may include for example, retransmissions, checksums, cyclic
redundancy checks (CRCs), or other error-checking techniques. Accepted protocols for

such vital train control communications are known in the art.

[0031] If the targeted braking system 24 receives satisfactory confirmation of arming
from the remote brake control system 25, it will re-set itself to a condition such that it
will execute a penalty brake application if a speed reduction is not made by the time the
train 10 reaches point P2. This is done with the confidence that the remote brake control
system 25 is also armed to the same target and braking curve and will assist in a penalty
brake application. If a proper confirmation is not received, the targeted braking system

24 will continue to display to the operator and enforce operation of the train 10 assuming

-10 -



WO 2009/035751 PCT/US2008/069423

the default "long braking curve" performance of the train braking. In some
implementations of targeted braking it may also be required that a brake pipe air pressure
reduction is sensed at a certain time or position in addition to meeting the deceleration
requirement of the braking curve. If the remote brake control system 25 is "armed," the

sensing requirement can be delayed to match the second braking curve C2.

[0032] Presuming that the DP system remains operational, the train 10 will be operated
at line speed and will begin controlled braking just before point "P2." Because of the
assisted braking, it will not trigger a penalty brake application from the targeted braking
system 24 or the remote brake control system 25. If conditions change so that the speed
reduction or stop is no longer necessary, or a new braking target is encountered, the
targeted braking system 24 will update the remote brake control system 25 to clear the

braking target and/or arm the new braking target as required.

[0033] If any portion of the DP system (including the communication channel) fails and
remote braking is not available, the driver will be unable to maintain a short braking
distance applying brakes from the lead power unit 14A only. Under these circumstances,
both the targeted braking system 24 and the remote brake control system 25 will enforce
a penalty application, guaranteeing the ability to stop the train 10 in accordance with the

short braking curve C2.

[0034] In addition to penalty braking, the targeted braking system 24 and remote brake
controller 25 may be programmed to apply graduated, full service or emergency braking
rates. When a stop or speed reduction is known to be necessary ahead of the train,
braking rates may be pre-programmed into the braking control systems of each remote
unit 14B and armed by data communications. If data communications are later
interrupted, the pre-programmed braking rates are still guaranteed to be executed.
Furthermore, by interconnection with the existing DP system, the targeted braking
system and remote brake control system may be used to apply guaranteed dynamic
braking of the remote power unit 14B. If conditions change so that the speed reduction
or stop is no longer necessary, the remote controllers are updated by data

communications.
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[0035] As described in the example above, the distributed control system includes
hardware of both conventional DP and targeted braking systems. However, it should be
understood that a number of different architectures are possible to achieve the results
described herein. Conceptually, the only hardware requirements for each remote power
unit 14A (in addition to the DP hardware, if used) are: (1) a control unit capable of
receiving, storing, and executing braking commands from the lead targeted braking
system 24; (2) a brake controller operably connected to the control unit; and (3) means
for determining the absolute or relative position of the remote power unit 14B, or the
distance traveled by the remote power unit 14B, and reporting that position or distance
information to the control unit. Under some circumstances it may be desirable to
incorporate some or all of these functions into an existing DP system rather than
installing a full targeted braking system. If the remote brake control system 25 is not a
targeted braking system, information in addition to the braking target, such as grade
and/or upcoming grade information, or distance until braking point information, may be
transmitted from the targeted braking system to the remote brake control system 25.
Brake application by the remote brake control system 25 may then be based on criteria

such as distance traveled rather than position.

[0036] In addition to, or as an alternative to, the distributed power and targeted braking
systems described above, the train 10 may incorporate an optimizer. The optimizer is
referred to generally by the numeral 50 and is shown in Figure 1 configured as a lead
optimizer 50A operably connected to the lead DP system 22A and the targeted braking
system 24 in the lead power unit 50, for example through a data network. A similar
remote optimizer 50B is shown operably connected to the remote DP system 22B and the
remote brake control unit 25 in the remote power unit 14B. It is noted that the optimizer
50 need not require any special hardware, but could instead be embodied as software
running on the DP system 22, the targeted braking system 24, or any other processor

carried on board the train 10.

[0037] The optimizer 50 accepts input information specific to planning a trip either on
board or from a remote location, such as a dispatch center (not shown). Such input

information may include, but is not limited to, train position, consist description (such as
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power unit models), power unit description, performance of power unit traction
transmission, consumption of engine fuel as a function of output power, cooling
characteristics, the intended trip route (effective track grade and curvature as function of
milepost or an “effective grade” component to reflect curvature following standard
railroad practices), the train 10 represented by car makeup and loading together with
effective drag coefficients, trip desired parameters including, but not limited to, start time
and location, end location, desired travel time, crew (user and/or operator) identification,

crew shift expiration time, and route.

[0038] This data may be provided to the optimizer 50 in a number of ways, such as, but
not limited to, an operator manually entering this data via the control and display unit 46
of the targeted braking system (see Figure 3), inserting a memory device such as a hard
card and/or USB drive containing the data into a receptacle aboard the power unit 14, and
transmitting the information via wireless communication from a central or wayside
location, such as a track signaling device and/or a wayside device, to the optimizer 50.
Power unit and train load characteristics (e.g., drag) may also change over the route (e.g.,
with altitude, ambient temperature and condition of the rails and rail-cars), and the plan
may be updated to reflect such changes as needed by any of the methods discussed above
and/or by real-time autonomous collection of locomotive/train conditions. This includes
for example, changes in power unit or train characteristics detected by monitoring

equipment on or off board the power unit(s) 14.

[0039] The optimizer 50 uses the input information in accordance with a selected
optimization goal to compute a trip plan or "profile” which is calculated to achieve the
selected goal subject to speed limit constraints along the route with desired start and end
times. The profile contains the speed and power (notch) settings the train is to follow,
expressed as a function of distance and/or time, and such train operating limits, including
but not limited to, the maximum notch power and brake settings, and speed limits as a
function of location, and the expected fuel used and emissions generated. In a broader
sense, the profile provides power settings for the train 10, either at the train level, consist
level and/or power unit level. As used with reference to the profile, the term "power"

may be understood to include tractive effort, dynamic braking, locomotive brakes, and/or

-13 -



WO 2009/035751 PCT/US2008/069423

train brakes (airbrakes).

[0040] The goal may be set up flexibly, for example to minimize fuel consumption
subject to constraints on emissions and speed limits, to minimize emissions, subject to
constraints on fuel use and arrival time, to minimize wheel-on-rail lateral forces, or to
minimize in-train longitudinal buff and draught forces. It is also possible to set up, for
example, a goal to minimize the total travel time without constraints on total emissions or
fuel use where such relaxation of constraints would be permitted or required for the
mission. This might occur, for example, when it is desired to have the train 10 enter a
siding, vacating a main line, as quickly as possible to avoid delaying another train that

needs to occupy the main line.

[0041] The optimizer 50 implements the profile by prompting the train driver to make
throttle and brake applications, or by automatically generating instructions for throttle,
dynamic brake, and/or train brakes (for example through connections to the targeted
braking system 24, and/or the DP system 22), or by a combination of prompting and
automated control. In its most general sense, the optimizer 50 determines a set or series
of accelerations to apply to the train 10. The term "acceleration” is used here in the
general sense meaning "a change in velocity” which encompasses increases and

decreases in speed, as well as changes of direction.

[0042] The train 10 with the optimizer 50 may be operated, using the distributed control
confirmation principles described above, as follows. Initially, a baseline profile is
computed using the input information described above. The baseline profile is computed
on a relatively conservative set of operational characteristics, assuming that the lead
power unit 14A provides all tractive effort and all dynamic and locomotive braking, and
train brake applications, without assistance from the remote power unit 14B. In essence,

the baseline profile uses a first set of acceleration capabilities.

[0043] Next, an alternate profile is computed and communicated to the remote optimizer
50B, for example by being transmitted by the lead optimizer S0A over the intra-consist
communications channel. In response, the remote optimizer 50B "arms" itself ready to

execute train control commands in accordance with an alternate profile. The alternate
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profile, like the baseline profile, is calculated based on the input information described
above. However, unlike the baseline profile, the alternate profile is calculated on a
relatively optimistic basis which presumes that the lead power unit 14A is assisted by the
remote power unit 14B in providing tractive effort and/or applying brakes (e.g.,
locomotive, dynamic, and/or train brakes (airbrakes)). In other words, the computation
of the alternate profile takes into account the status of at least one distributed control
function. The alternate profile may use a second set of acceleration capabilities that is
substantially better, ¢.g., a greater level of acceleration/deceleration capabilities, than the

first set of acceleration capabilities in at least one aspect.

[0044] When the remote optimizer 50 is armed, it sends a confirmation message to the
lead optimizer 50 over the intra-consist communications channel. The confirmation
format preferably meets reliability standards for vital train control information and may
include for example, retransmissions, checksums, cyclic redundancy checks (CRCs), or
other error-checking techniques. Accepted protocols for such vital train control

communications are known in the art.

[0045] If the lead optimizer 50 receives satisfactory confirmation of arming from the
optimizer, it will re-set itself to a condition such that it will follow the alternate profile in
controlling the train 10 and/or prompting the operator. This is done with the confidence
that the remote optimizer 50 is also armed to the alternate profile and will assist in train
control. Ifa proper confirmation is not received, the lead optimizer 50 will continue to
control the train 10 and/or prompt the operator with the relatively reduced train

performance associated with the baseline profile.

[0046] Presuming that the DP system 22 or other interface of the lead and remote power
units 14A and 14B remains operational, the train 10 may be operated in accordance with
the alternate profile using real-time commands and will experience enhanced
performance capabilities (e.g., acceleration and deceleration) relative to a train controlled
solely from a front-end consist. The enhanced performance can be put to good use by
running trains closer together (tighter spacing) and can increase the throughput of trains

on a given section of track.
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[0047] If any portion of the DP system or other interface between the lead and remote
power units 14A and 14B (including the communication channel) fails and real-time
remote control is not available, the driver or lead optimizer 50A will be unable to
maintain the alternate profile from the lead power unit 14A only. Under these
circumstances, both the lead optimizer 50A and the remote optimizer 50B will
independently control the previously armed and confirmed alternate profile, guaranteeing
the ability to control acceleration and braking of the train 10 in accordance with the

alternate profile.

[0048] One embodiment of the invention may be characterized as a method of
controlling a train that includes a lead power unit, at least one remote power unit, and at
least one car. In this embodiment, the method comprises: computing a profile describing
at least one acceleration to be applied to the train as it travels over a predetermined route;
transmitting the profile from the lead power unit to the remote power unit over a
communications channel; using the lead power unit, applying at least one acceleration to
the train in accordance with the profile; using the remote power unit to receive the
profile; transmitting a confirmation that the remote power unit is armed to the profile,
with the confirmation being transmitted from the remote power unit to the lead power
unit over the communications channel; and using the remote power unit, applying
accelerations to the train in accordance with the profile. The profile may be computed to:
(1) optimize fuel consumed; (ii) optimize emissions; (iii) optimize trip time between
predefined start and end points; (iv) minimize wheel-on-rail lateral forces; and/or (v)

minimize in-train longitudinal buff and draught forces.

[0049] The foregoing has described a distributed control system and method for a train.
The method allows for a train operation supervision system such as Positive Train
Control (PTC) to operate trains closer to obstacles (signals or other trains) by using a
shorter guaranteed braking curve than if distributed brake applications are not
considered. The method enables shorter braking curves in a safety critical way, at less
cost and greater reliability than with electro-pneumatic controlled (ECP) braking
methods. While specific embodiments of the present invention have been described, it

will be apparent to those skilled in the art that various modifications thereto can be made
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without departing from the spirit and scope of the invention. Some examples of other
applications for the above-describe distributed control system include, but are not limited
to: (1) specialized rail applications where control of the train is from a central location
rather than the lead locomotive, e.g., communications may be from a base to each
locomotive individually rather than through intra-consist radios; (2) the use of an
automatic train operation system with or without a driver or control console onboard; and
(3) application to ECP braking systems in licu of air brake pipe controlled systems (i.e.,
if the wired or wireless braking link along the train is broken, the system described herein
can provide a backup path to the "isolated" part of the train 10 to permit a contingency
operation). Accordingly, the foregoing description of the preferred embodiment of the
invention and the best mode for practicing the invention are provided for the purpose of
illustration only and not for the purpose of limitation, the invention being defined by the

claims.
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WHAT IS CLAIMED IS:

1. A method of controlling a train which includes a lead power unit, at least one
remote power unit, and at least one car, the method comprising:

using a communications channel, transmitting to the remote power unit an
instruction for the remote power unit to apply at least one acceleration to the train at a
future time;

using the remote power unit to receive the instruction;

using the communications channel, transmitting a confirmation that the remote
power unit is armed to execute the instruction from the remote power unit to the lead
power unit; and

computing a profile describing at least one acceleration to be applied to the train
as it travels over a predetermined route, wherein the computation is determined at least in

part on whether or not the confirmation has been received by the lead power unit.

2. The method of claim 1, further comprising;:

in the absence of the confirmation from the remote power unit, computing a
baseline profile for use by the train; and

in the presence of the confirmation from the remote power unit, computing an

alternate profile for use by the train.

3. The method of claim 2 wherein the baseline profile is computed using a first
set of acceleration capabilities of the train, and the alternate profile is computed using a
second set of acceleration capabilities of the train, wherein the second set of acceleration

capabilities is better than the first set of acceleration capabilities in at least one aspect.

4. The method of claim 3 wherein the first and second sets of acceleration

capabilities take into account at least one of tractive effort, dynamic braking, or braking.

5. The method of claim 1 further comprising prompting an operator to apply at

least one acceleration to the train in accordance with the computed profile.

6. The method of claim 1 further comprising using at least one of the lead power
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unit and the remote power unit to apply at least one acceleration to the train in

accordance with the computed profile.

7. A method of controlling a train which includes a lead power unit, at least one
remote power unit, and at least one car, the method comprising;:

computing a baseline profile describing a first set of accelerations to be applied to
the train as it travels over a predetermined route;

computing an alternate profile describing a second set of accelerations to be
applied to the train as it travels over the predetermined route;

transmitting the alternate profile to the remote power unit over a communications
channel;

using the remote power unit to receive the alternate profile;

transmitting a confirmation that the remote power unit is armed to the alternate
profile, said confirmation being transmitted from the remote power unit to the lead power
unit over the communications channel; and

in the absence of the confirmation from the remote power unit, selecting the
baseline profile for use by the train; and

in the presence of the confirmation from the remote power unit, selecting the

alternate profile for use by the train.

8. The method of claim 7 wherein the baseline profile is computed using a first
set of acceleration capabilities of the train, and the alternate profile is computed using a
second set of acceleration capabilities of the train, wherein the second set of acceleration

capabilities is better than the first set of acceleration capabilities in at least one aspect.

9. The method of claim 8 wherein the first and second sets of acceleration

capabilities take into account at least one of tractive effort, dynamic braking, or braking.

10. The method of claim 7 further comprising prompting an operator to apply at

least one acceleration to the train in accordance with the selected profile.

11. The method of claim 7 further comprising using at least one of the lead

power unit and the remote power unit to apply at least one acceleration to the train in
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accordance with the selected profile.

12. A method of controlling a train which includes a lead power unit, at least one
remote power unit, and at least one car, the method comprising;:

computing a profile describing at least one acceleration to be applied to the train
as it travels over a predetermined route;

transmitting the profile from the lead power unit to the remote power unit over a
communications channel;

using the lead power unit, applying at least one acceleration to the train in
accordance with the profile;

using the remote power unit to receive the profile;

transmitting a confirmation that the remote power unit is armed to the profile, said
confirmation being transmitted from the remote power unit to the lead power unit over
the communications channel; and

using the remote power unit, applying accelerations to the train in accordance

with the profile.

13. The method of claim 12, further comprising:

in the absence of the confirmation from the remote power unit, using the lead
power unit to apply accelerations to the train in accordance with a baseline profile; and

in the presence of the confirmation from the remote power unit, using the lead

power unit to apply accelerations to the train in accordance with an alternate profile.

14. The method of claim 13 wherein the alternate profile is computed assuming

substantially better acceleration capabilities of the train than the baseline profile.

15. The method of claim 13, further comprising using the remote power unit to

apply accelerations to the train in accordance with the alternate profile.

16. The method of claim 12 wherein at least one acceleration is applied to the
train through tractive effort of at least one of the lead power unit and the remote power

unit.

17. The method of claim 12 wherein at least one acceleration is applied to the
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train through dynamic braking of at least one of the lead power unit and the remote

power unit.

18. The method of claim 12 wherein at least one acceleration is applied to the
train through braking of at least one of the lead power unit, the remote power unit, and

the at least one car.

19. A control system for a train including a lead power unit, at least one remote
power unit, and at least one car having a braking system, the control system comprising:
a targeted braking system operably coupled to the braking system, the targeted
braking system programmed to:
identify a braking target located at a position ahead of the train;
transmit braking target data over a communications channel; and
activate the braking system at a braking point located prior to the braking
target, the braking point being determined in accordance with a predetermined braking
curve; and
a remote brake control system operably connected to the braking system, the
remote brake control system programmed to:
receive the braking target data;
transmit a confirmation to the targeted braking system over the
communications channel that it is armed to the braking target; and

activate the braking system at the braking point.

20. The control system of claim 19, wherein the targeted braking unit is
programmed to:

in the absence of the confirmation from the remote brake control system, activate
the braking system at a first braking point determined in accordance with a first braking
curve; and

in the presence of the confirmation from the remote brake control system, activate
the braking system at a second braking point determined in accordance with a second

braking curve.
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21. The control system of claim 20 wherein the second braking point is closer to

the braking target than the first braking point.

22. The control system of claim 20, wherein the remote brake control system is

programmed to activate the braking system at the second braking point.

23. The control system of claim 19 wherein each of the targeted braking system
and the remote brake control unit includes a respective positioning unit adapted to

provide location information thereto.

24. The control system of claim 19 further comprising:

a lead distributed power (DP) system operably connected to the braking system,
the lead DP system adapted to transmit braking commands over the communications
channel; and

a remote DP system including a DP control unit operably connected to the
braking system and adapted to activate the braking system in response to the braking
commands received from the lead DP system; wherein the lead DP system is carried in

the lead power unit and the remote DP system is carried in the remote power unit.

25. The control system of claim 19 wherein the targeted braking system and
remote brake control system are programmed to activate the braking system only if a

predetermined speed condition is not met.

26. The control system of claim 19 wherein the targeted braking system is carried
in the lead power unit and the remote brake control system is carried in the remote power

unit.

-0



PCT/US2008/069423
1/5

WO 2009/035751

O E

ol
V8l vz / 406
(1) P @ @ @) q
= =

Vv0S

vvi \LQN\N <ON\% |

avi

0]




PCT/US2008/069423
2/5

WO 2009/035751

¢ 'Old

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

m I TIOYLNOD :
m — 82 vag // !
V8l
! 310SNOD !
m DIVHANIY m
! . v0Z !
m v y / m
! . 1INN J |
m 3JTOSNOD « N OMINOD dd > YINFOSNWHL | |
m 9¢ k ( 0¢ :

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII



PCT/US2008/069423
3/5

WO 2009/035751

VNNILNV

8c
ov
" olavy “
i WIY Sd9 ol L m
m 9g— _ m
YITIONINOD | 1INN TOYLINOD m
m IMvyg ONIVYYE d31IONVL HIASHINTY |
m vE I\ // m
m Vel Z m
1ONINOD/AVIdSIO
o ——1 HOLVHIdO



WO 2009/035751

DP RADIO

PCT/US2008/069423
4/5
i
20 A SR
/ | ALTERNATE |
i  COMM ...~

_________________

30\

DP
CONTROL
UNIT

/ 34
TARGETED
BRAKING
CONTROL
UNIT

18

BRAKE CONTROLLER /

FIG. 4



WO 2009/035751 PCT/US2008/069423

5/5

FIG. 5

P2

P1

DISTANCE

A
SPEED



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/069423

A. CLASSIFICATION OF SUBJECT MATTER

INV.

B61L15/00

B61C17/12

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B61L B61C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 2005/109882 A1l (ARMBRUSTER ROBERT A
[UST ET AL) 26 May 2005 (2005-05-26)
paragraph [0027] - paragraph [0043];
claims 1,2

US 2005/065674 A1l (HOUPT PAUL KENNETH [US]
ET AL HOUPT PAUL KENNETH [US] ET AL)

24 March 2005 (2005-03-24)

paragraph [0013] - paragraph [0022]

DE 199 35 353 Al (ABB DAIMLER BENZ TRANSP
[DE]) 1 February 2001 (2001-02-01)

1-18

1-18

1-18

the whole document

D Further documents are listed in the continuation of Box C. |

See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered.to be of particular relevance

*E" earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

'O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

'Y*" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu~
ments, ﬁUCh combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

16 October 2008

Date of mailing of the international search repott

13/01/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Janhsen, Axel

Form PCT/ISA/210 (second sheet) (Apri] 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2008/069423
BoxNo.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:I Claims Nos.: ‘
because they relate to subject matter not required to be searched by this Authority, namely:

2. l:l Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as foliows:

see additional sheet

—

As all required additional search fees were timely paid by the applicant, this international search report covers allsearchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
only those claims for which fees were paid, specifically claims Nos.:

By

. m No required additional search fees were timely paid by the applicant. Conéequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-18

Remark on Protest : The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/US2008 /069423

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-18

Train acceleration profiles

2. claims: 19-26

train braking point supervision




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2008/069423
Patent document Publication Patent family Publication

cited in search report date member(s) date
US 2005109882 Al 26-05-2005 AU 2004297160 Al 23-06-2005
' CA 2545694 Al- 23-06-2005
CN 1882454 A 20-12-2006
MX  PA06005720 A 17-08-2006
WO 2005056329 Al 23-06~2005
US 2005065674 Al 24-03-2005 AU 2004203591 Al 07-04~2005
BR 0404116 A 24~05-2005
CA 2481771 Al 24-03-2005
MX  PA04009235 A 31-03-2005
DE 19935353 Al 01-02-2001 AT 287815 T 15-02-2005
AU 6438000 A 19-02-2001
CA 2379772 Al 08-02-2001
CZ 20020319 A3 12-02-2003
WO 0108958 Al 08-02-2001
EP 1202895 Al 08-05-2002
ES 2234645 T3 01-07-2005
JP 2003506251 T 18-02-2003
PL 353201 Al 03-11-2003
us 6799096 Bl 28-09-2004

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

