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METHOD AND SYSTEM FOR ENSURING
THAT A TRAIN DOES NOT PASS AN
IMPROPERLY CONFIGURED DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to railroads generally, and more
particularly to a method and system for ensuring that a train
does not pass a device such as a grade crossing gate or a
track switch when that device is not properly configured.

2. Discussion of the Background

Train safety has always been a concern in the railroad
industry. If anything, this concern has increased in recent
years. This concern has led to proposals for and develop-
ment of automated, safety-enhancing systems such as Auto-
matic Train Control (ATC), Positive Train Control (PTC),
and others. While such systems vary in their implementa-
tion, one goal they all share is to avoid accidents.

One source of accidents is an improperly set switch.
Historically, an engineer or conductor would visually verify
that a switch has been set to the correct position. However,
engineers and conductors, being human, sometimes make
mistakes, including traveling too fast such that there is not
sufficient time to stop the train when the signal is first
visible, not activating the brakes a sufficient distance from
the switch, failing to notice that the switch has been improp-
erly set, and even forgetting to look at the switch. The results
of such mistakes can be disastrous.

Another source of accidents is a malfunctioning grade
crossing gate. Grade crossing gates may be triggered by
radar, by a track circuit, or by a mechanical switch set at a
position far enough away from the crossing gate such that
the gate will have sufficient time to go down when triggered
by a train traveling at the maximum allowable speed. Some
gates are equipped with monitoring equipment that can
determine if the gate is malfunctioning and, in some cases,
sends a message via telephone or radio informing the
dispatcher of a malfunction. The dispatcher is then required
to broadcast this information to all other trains that pass the
grade crossing.

What is needed is a method and apparatus that ensures
that a train will not pass a switch, grade crossing gate, or
other device that is not properly configured.

SUMMARY OF THE INVENTION

The present invention meets the aforementioned need to
a great extent by providing a computerized train control
system in which a control module determines a position of
a train using a positioning system such as a global position-
ing system (GPS), consults a database to determine when the
train is approaching a configurable device such as a switch
or grade crossing gate, continuously interrogates the device
to determine its status as the train approaches the device, and
forces an engineer/conductor to acknowledge any detected
malfunction. A malfunction can be reported by the device
itself, or can be declared by the system if the device fails to
respond to initial or subsequent interrogations. In some
embodiments of the invention, the train is forced to come to
a complete stop before proceeding past the device. In other
embodiments, the train will slow to a speed that will allow
the engineer/conductor to visually determine whether it is
safe to proceed past the device if the engineer/conductor
acknowledges a message warning of the malfunction and
will stop the train if the engineer/conductor fails to acknowl-
edge the warning message.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many
of the attendant features and advantages thereof will be
readily obtained as the same become better understood by
reference to the following detailed description when con-
sidered in connection with the accompanying drawings,
wherein:

FIG. 1 is a logical block diagram of a train control system
according to one embodiment of the invention.

FIG. 2 is a flow chart of a device interrogation method
according to another embodiment of the invention.

FIGS. 3a and 3b are a flow chart of a device interrogation
method according to a third embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention will be discussed with reference to
preferred embodiments of train control systems. Specific
details, such as specific algorithms and hardware, are set
forth in order to provide a thorough understanding of the
present invention. The preferred embodiments discussed
herein should not be understood to limit the invention.
Furthermore, for ease of understanding, certain method steps
are delineated as separate steps; however, these steps should
not be construed as necessarily distinct nor order dependent
in their performance.

Referring now to the drawings, wherein like reference
numerals designate identical or corresponding parts
throughout the several views, FIG. 1 is a logical block
diagram of a train control system 100 according to an
embodiment of the present invention. The system 100
includes a control module 110, which typically, but not
necessarily, includes a microprocessor. The control module
110 is responsible for controlling the other components of
the system.

A positioning system 120 is connected to the control
module 110. The positioning system supplies the position
(and, in some cases, the speed) of the train to the control
module 110. The positioning can be of any type, including
a global positioning system (GPS), a differential GPS, an
inertial navigation system (INS), or a Loran system. Such
positioning systems are well known in the art and will not be
discussed in further detail herein. (As used herein, the term
“positioning system” refers to the portion of a positioning
system that is commonly located on a mobile vehicle, which
may or may not comprise the entire system. Thus, for
example, in connection with a global positioning system, the
term “positioning system” as used herein refers to a GPS
receiver and does not include the satellites that transmit
information to the GPS receiver.)

A map database 130 is also connected to the control
module 110. The map database 130 preferably comprises a
non-volatile memory such as a hard disk, flash memory,
CD-ROM or other storage device, on which map data is
stored. Other types of memory, including volatile memory,
may also be used. The map data preferably includes posi-
tions of all configurable devices such as switches and grade
crossing gates. The map data preferably also includes infor-
mation concerning the direction and grade of the track in the
railway. By using train position information obtained from
the positioning system 120 as an index into the map database
130, the control module 110 can determine its position
relative to configurable devices.

When the control module 110 determines that a config-
urable device 180 (which includes a transceiver 190) is

WABTEC CORP. EXHIBIT 1001
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present, it interrogates the device 180 through transceiver
150. The transceiver 150 can be configured for any type of
communication, including communicating through rails and
wireless. In addition to communicating with configurable
devices 180, the transceiver 150 may communicate with a
dispatcher (not shown in FIG. 1).

Also connected to the control module 110 is a brake
interface 160. The brake interface 160 monitors the train
brakes and allows the control module 110 to activate and
control the brakes to stop or slow the train when necessary.

A warning device 170 is also connected to the control
module 110. The warning device 170 is used to warn the
conductor/engineer that a malfunction has been detected.
The warning device 170 may also be used to allow the
engineer/conductor to acknowledge the warning. In some
embodiments, the warning device 170 is in the form of
button on an operator display such as the display illustrated
in co-pending U.S. application Ser. No. 10/186,426, entitled
“Train Control System and Method of Controlling a Train or
Trains” filed Jul. 2, 2002, the contents of which are hereby
incorporated by reference herein. In other embodiments, the
warning device 170 may be a stand alone button that
illuminates when a malfunction is detected. In yet other
embodiments (e.g., those in which no acknowledgment of a
warning is required), the warning device 170 may comprise
or consist of a horn or other device capable of providing an
audible warning.

FIG. 2 is a flowchart 200 illustrating operation of the
processor 110 in connection with configurable devices 180.
The control module 110 determines the train’s current
position from information provided by the positioning sys-
tem 120 at step 210. The control module then obtains the
locations of nearby configurable devices 180 from the map
database 130 at step 212. If no configurable device 180 is
withing a threshold distance, steps 210 et seq. are repeated.
If a configurable device 180 is within a threshold distance at
step 214, the device is interrogated at step 216.

In some embodiments, this threshold distance is prede-
termined distance based in part upon a worst case assump-
tion (ie., an assumption that a train having the greatest
possible weight is traveling at a maximum allowable or
possible speed in a downbhill direction on a portion of track
with the steepest grade in the system). In other embodi-
ments, the threshold is based on the actual speed and weight
of the train and the grade of the track between the train and
the device. In still other embodiments, the calculation may
take into account the distribution of weight in the train this
will effect the required stopping distance as discussed in the
aforementioned co-pending U.S. patent application.

In some embodiments, the interrogation includes an iden-
tification number associated with the device 180. Since only
the device corresponding to the identification number will
respond to the interrogation, this identification number is
obtained from the map database 130. This avoids contention
between multiple devices attempting to respond to the
interrogation on the same frequency.

If the configurable device 180 fails to respond at step 218,
or reports an incorrect configuration at step 220, the control
module notifies the conductor/engineer of the malfunction at
step 224. If, in response to the notification, the operator fails
to activate the brakes at step 226, the control module 110
automatically activates the brakes to bring the train to a halt
at step 228. At this point, the conductor/engineer must restart
the train, which preferably requires the conductor/engineer
to acknowledge the warning provided at step 224.

If the device 180 responds to the interrogation at step 218
and reports a correct configuration at step 220, then, at step
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4

222, the control module 110 returns to step 216 if the device
180 has not been passed, or returns to step 210 to repeat the
process for the next configurable device 180. Returning to
step 216 to interrogate the device multiple times as the train
approaches the device is important for safety purposes. This
will detect malfunctions or changes in configuration after the
initial interrogation (e.g., someone throwing the switch into
the wrong position after the initial interrogation but before
the train reaches the switch) from causing and accident.
Whether or not the interrogation of step 318 includes the
device’s identification number, it is preferable for the
device’s response to include its identification number as this
allows for greater assurance that a response from some other
source has not been mistaken as a response from the device.

FIGS. 3a and 3b together form a flowchart 300 illustrating
operation of the control unit 110 in connection with config-
urable devices 180 according to a second embodiment of the
invention. Steps 310-322 of the flowchart 300 are similar to
steps 210-222 of the flowchart 200 of FIG. 2; therefore, the
detailed discussion of these steps will not be repeated. If a
configurable device 180 does not respond at step 318 or
reports an incorrect configuration at step 320 after being
interrogated at step 316, the control module 10 then activates
the warning device 170 to inform the conductor/engineer of
the problem at step 330. A time period within which the
operator must acknowledge the warning and slow the train
to a reduced speed is associated with the warning. This time
period may be a predetermined number based on a worst-
case stopping distance, or may be calculated dynamically
based on factors such as the current speed of the train, the
braking characteristics of the brakes on the train, the weight
of the train, the distribution of weight on the train, and/or the
grade of the track as determined from the map database 130
using the train position from the positioning system 120, or
other factors as discussed in the above-referenced co-pend-
ing U.S. patent application.

If the operator acknowledges the warning at step 332 and
sufficiently slowed the train at step 334 within the allowable
time period, the control module 110 monitors the speed of
the train to ensure that the reduced speed is maintained at
step 336 until either the train has passed the device 180 at
step 338 or the conductor/engineer verifies that he has
visually determined that the device is configured properly at
step 340. In the case of a configurable device such as a grade
crossing gate, this allows the train to continue moving past
the gate at a slow speed. In the case of an incorrectly thrown
switch, it is expected that the conductor/engineer will stop
the train if the switch cannot be set to the correct position
before the train reaches it; however, there may be some
circumstances in which the conductor/engineer desires to
allow the train to continue past an incorrectly thrown switch.
Because the conductor/engineer was forced to acknowledge
the warning about the improperly configured switch, it is
unlikely that allowing the train to proceed past the improp-
erly configured switch is not intentional. In other embodi-
ments, a train may not be allowed to pass the switch until it
has come to a complete stop, but may be allowed to pass an
improperly configured grade crossing gate at a reduced
speed without first coming to a complete stop.

If the conductor/engineer fails to acknowledge the warn-
ing at step 334 within the allowed time period, the control
module 110 commands the brake interface to stop the train
at step 342. The control module 110 then notifies the
dispatcher of the stopped train at step 344.

At steps 220 and 320 above, the control module 110
determines whether the device 180 is properly configured.
This determination is necessarily device dependent. For
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example, in the case of a switch, the determination as to
whether the device is configured correctly is preferably
made with respect to warrants/authorities and/or route infor-
mation issued to the train. That is, the control module 110
preferably stores information as to what route the train is to
take and what warrants (also sometimes referred to as
authorities) have been issued for that train. In the case of a
grade crossing gate, determining that the device is config-
ured properly comprises more than determining that the gate
is in the down position. Many such devices are designed
such that a failure results in the gate being placed in the
down position. However, in the event of such a failure, it can
be expected that some cars and/or pedestrians may attempt
to cross the tracks even though the gate is down. Thus, if the
crossing gate reports a malfunction, it is preferably treated
as if it is not properly configured despite the fact that the
gates may be reported as being in the down position.

It should be understood that any and all of the aforemen-
tioned events (e.g., the acknowledgment or lack thereof of a
warning from an engineer/conductor, the stopping of the
train upon a detection of an improperly configured device)
may be recorded by the event recorder 140. It should also be
understood that, in some embodiments, some configurable
devices 180 may be configured by sending commands from
the train. In such embodiments, the control module 110 will
send the appropriate command via the transceiver 150 on the
train to the device 180 via its transceiver 190.

One advantage of those embodiments of the invention in
which a configurable device is interrogated as the train
approaches is that such devices are not required to transmit
information when trains are not in the area. This saves power
as compared to those systems in which wayside devices
continuously or periodically transmit information regardless
of whether a train is close enough to receive such informa-
tion.

In the embodiments discussed above, the control module
110 is located on the train. It should also be noted that some
or all of the functions performed by the control module 110
could be performed by a remotely located processing unit
such as processing unit located at a central dispatcher. In
such embodiments, information from devices on the train
(e.g., the brake interface 160) is communicated to the
remotely located processing unit via the transceiver 150.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It is therefore to be understood that within the scope of
the appended claims, the invention may be practiced other-
wise than as specifically described herein.

What is claimed is:
1. Asystem for controlling a train, the system comprising:
a control unit; and
a transceiver, the transceiver being located on the train
and being in communication with the control unit;
wherein the control unit is configured to perform the steps
of
transmitting an interrogation message to a configurable
device near the train;
listening for a response from the configurable device,
the response including a configuration of the config-
urable device and an identifier of the device;
allowing the train to continue if a response with a
correct configuration is received within a period of
time; and
stopping the train otherwise;
wherein the control unit is further configured to per-
form the step of confirming that the identifier
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6

received in the response corresponds to the device to
which the interrogation message was directed.

2. The system of claim 1, wherein the device is a grade
crossing gate.

3. The system of claim 1, wherein the device is a switch.

4. The system of claim 1, wherein the interrogation
message includes an identifier of a device for which the
interrogation message is intended.

5. The system of claim 1, further comprising:

a positioning system, the positioning system being in
communications with the control unit and being con-
figured to provide position information to the control
unit; and

a database, the database including a plurality of locations
for a plurality of configurable devices;

wherein the control unit is further configured to perform
the steps of
identifying a configurable device in the database which

is a next device which the train will pass based on

information from the positioning system; and
obtaining an identifier from the database associated

with the device identified in the identifying step.

6. The system of claim 5, wherein the control unit is
configured to transmit the interrogation message when a
distance between the train’s location and the configurable
device identified in the identifying step is below a threshold.

7. The system of claim 6, wherein the threshold is a
predetermined number based at least in part on an expected
worst case distance required to stop the train.

8. The system of claim 6, wherein the threshold is
determined dynamically based at least in part upon the
current speed of the train.

9. The system of claim 8, wherein the threshold is further
based on a weight of the train.

10. The system of claim 8, wherein the database further
includes a grade of a track between the train and the device
and the threshold is further based on the grade of the track
between the train and the device.

11. The system of claim 10, wherein the threshold is
further based on distribution of weight in the train.

12. The system of claim 1, further comprising a warning
device connected to the control unit, wherein the control unit
is further configured to activate the warning device when a
response with a correct configuration is not received.

13. The system of claim 12, wherein the control unit is
further configured to perform the step of preventing the train
from moving until an acknowledgment of the activated
warning device has been received.

14. A method for controlling a train comprising the steps
of:

transmitting an interrogation message from the train to a
configurable device near the train;

listening for a response from the configurable device, the
response including a configuration of the configurable
device and an identifier of the configurable device;

confirming that the identifier received in the response
corresponds to the configurable device to which the
interrogation message was directed;

allowing the train to continue if a response with a correct
configuration is received; and

stopping the train otherwise.

15. The method of claim 14, wherein the device is a grade
crossing gate.

16. The method of claim 14, wherein the device is a
switch.

17. The method of claim 16, further comprising the steps
of storing route information from a dispatcher in a memory
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and determining whether the switch is properly configured
by comparing an actual direction of the switch to a desired
direction of the switch based on the route information.

18. The method of claim 14, wherein the interrogation
message includes an identifier of a device for which the
interrogation message is intended.

19. The method of claim 14, further comprising the steps
of:

identifying a configurable device in a database which is a

next device which the train will pass based on infor-
mation from a positioning system located on the train;
and

obtaining an identifier associated with the device identi-

fied in the identifying step from the database.

20. The method of claim 19, wherein the interrogation
message is transmitted when a distance between the train’s
location and the configurable device identified in the iden-
tifying step is below a threshold.

21. The method of claim 20, wherein the threshold is a
predetermined number based at least in part on an expected
worst case distance required to stop the train.

22. The method of claim 20, wherein the threshold is
determined dynamically based at least in part upon the
current speed of the train.

23. The method of claim 22, wherein the threshold is
further based on a weight of the train.

24. The method of claim 22, wherein the database further
includes a grade of a track between the train and the device
and the threshold is further based on the grade of the track
between the train and the device.

25. The method of claim 24, wherein the threshold is
further based on distribution of weight in the train.

26. The method of claim 14, further comprising the step
of activating a warning device when a response with a
correct configuration is not received.

27. The method of claim 26, further comprising the step
of preventing the train from moving until an acknowledg-
ment of the activated warning device has been received.

28. A system for controlling a train, the system compris-
ing:

a control unit; and

a transceiver, the transceiver being located on the train

and being in communication with the control unit;
wherein the control unit is configured to perform the steps
of
transmitting an interrogation message to a configurable
device near the train;
listening for a response from the configurable device,
the response including a configuration of the config-
urable device and an identifier associated with the
configurable device;
allowing the train to continue if a response with a
correct configuration is received;
if no response is received or if a response with an
incorrect configuration is received,
activating a warning device to provide a warning to
a train operator;
stopping the train if an acknowledgment of the
warning is not received or if a speed of the train is
not reduced within a period of time; and
if an acknowledgment of the warning is received
within the period of time, maintaining the speed
until the device has been passed or a verification
that passing the device is acceptable has been
received;

wherein the control unit is further configured to perform

the step of confirming that identifier received in the
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response corresponds to the device to which the inter-
rogation message was directed.

29. The system of claim 28, wherein the device is a grade
crossing gate.

30. The system of claim 28, wherein the device is a
switch.

31. The system of claim 28, wherein the interrogation
message includes an identifier of a device for which the
interrogation message is intended.

32. The system of claim 28, further comprising:

a positioning system, the positioning system being in
communications with the control unit and being con-
figured to provide position information to the control
unit; and

a database, the database including a plurality of locations
for a plurality of configurable devices;

wherein the control unit is further configured to perform
the steps of
identifying a configurable device in the database which

is a next device which the train will pass based on

information from the positioning system; and
obtaining an identifier from the database associated

with the device identified in the identifying step.

33. The system of claim 32, wherein the control unit is
configured to transmit the interrogation message when a
distance between the train’s location and the configurable
device identified in the identifying step is below a threshold.

34. The system of claim 32, wherein the threshold is a
predetermined number based at least in part on an expected
worst case distance required to stop the train.

35. The system of claim 32, wherein the threshold is
determined dynamically based at least in part upon the
current speed of the train.

36. The system of claim 35, wherein the threshold is
further based on a weight of the train.

37. The system of claim 35, wherein the database further
includes a grade of a track between the train and the device
and the threshold is further based on the grade of the track
between the train and the device.

38. The system of claim 37, wherein the threshold is
further based on distribution of weight in the train.

39. The system of claim 28, further comprising a warning
device connected to the control unit, wherein the control unit
is further configured to activate the warning device when a
response with a correct configuration is not received.

40. The system of claim 39, wherein the control unit is
further configured to perform the step of preventing the train
from moving until an acknowledgment of the activated
warning device has been received.

41. The system of claim 28, wherein the period of time is
based on a worst- case assumption that the train is traveling
at a maximum speed and weighs a maximum amount.

42. The system of claim 28, further comprising a posi-
tioning system in communication with the control unit and
located on the train, wherein the period of time is based on
an actual speed of the train based on information reported by
the positioning system and a weight of the train.

43. The system of claim 42, further comprising a track
database in communication with the control unit, wherein
the period of time is further based on a grade of a section of
track between the train and the device.

44. A method for controlling a train comprising the steps
of:

transmitting an interrogation message from the train to a
configurable device near the train;
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listening for a response from the configurable device, the
response including a configuration of the configurable
device and an identifier of the configurable device;

allowing the train to continue if a response with a correct
configuration is received and the identifier received in
the response corresponds to the device to which the
interrogation message was directed.

if a response with a correct configuration and an identifier

corresponding to the configurable device to which the

interrogation message was directed is not received, or

if no response is received;

activating a warning device to provide a warning;

stopping the train if an acknowledgment of the warning
is not received or if a speed of the train is not reduced
within a period of time; and

if an acknowledgment of the warning is received within
the period of time, maintaining the speed until the
device has been passed or a verification that passing
the configurable device is acceptable has been
received.

45. The method of claim 44, wherein the device is a grade
crossing gate.

46. The method of claim 44, wherein the device is a
switch.

47. The method of claim 44, wherein the interrogation
message includes an identifier of a device for which the
interrogation message is intended.

48. The method of claim 44, further comprising the steps
of:

identifying a configurable device in the database which is

a next device which the train will pass based on
information from a positioning system; and

obtaining an identifier associated with the device identi-

fied in the identifying step from a database.

49. The method of claim 48, wherein the interrogation
message is transmitted when a distance between the train’s
location and the configurable device identified in the iden-
tifying step is below a threshold.

50. The method of claim 48, wherein the threshold is a
predetermined number based at least in part on an expected
worst case distance required to stop the train.

51. The method of claim 48, further comprising the step
of calculating the threshold based at least in part upon the
current speed of the train.

52. The method of claim 51, wherein the threshold is
further based on a weight of the train.

53. The method of claim 51, wherein the database further
includes a grade of a track between the train and the device
and the threshold is further based on the grade of the track
between the train and the device.

54. The method of claim 53, wherein the threshold is
further based on distribution of weight in the train.

55. The method of claim 44, further comprising the step
of activating a warning device when a response with a
correct configuration is not received.

56. The method of claim 55, further comprising the step
of preventing the train from moving until an acknowledg-
ment of the activated warning device has been received.

57. The method of claim 44, wherein the period of time
is based on a worst- case assumption that the train is
traveling at a maximum speed and weighs a maximum
amount.

58. The method of claim 44, wherein the period of time
is based on an actual speed of the train based on information
reported by the positioning system and a weight of the train.
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59. The method of claim 58, wherein the period of time
is further based on a grade of a section of track between the
train and the device.

60. The method of claim 59, wherein the configurable
device is a switch and further comprising the steps of storing
route information from a dispatcher in a memory and
determining whether a configuration received from the
switch is correct by comparing a direction of the switch to
a desired direction of the switch based on the route infor-
mation.

61. A method for controlling a train comprising the steps
of:

obtaining a position of a train from a positioning system;

determining a location and an identifier of a next config-

urable device that will be passed by the train from a
database;

sending an interrogation message including the identifier

of the next configurable device;

waiting a period of time based in part on a speed and a

weight of the train and a grade of a section of track
between the train and the device;

listening for a response during the period of time;

if the response is received, comparing an identifier

included in the response to the identifier of the next
configurable device;

stopping the train if a response from the device indicates

that the device is not properly configured or if a
response is not received within the period of time.

62. The method of claim 61, further comprising the step
of transmitting a command to the next configurable device,
the command instructing the next configurable device to
assume a proper configuration.

63. The method of claim 61, wherein the configurable
device is a switch and further comprising the steps of storing
route information from a dispatcher in a memory and
determining whether the switch is properly configured by
comparing a direction of the switch to a desired direction of
the switch based on the route information.

64. A computerized method for controlling a train com-
prising the steps of:

obtaining a position of a train from a positioning system;

determining a location and identifier of a next config-

urable device that will be passed by the train from a
database;

sending an interrogation message including the identifier

of the next configurable device;

waiting a first period of time based in part on a speed and

a weight of the train and a grade of a section of track
between the train and the device;

listening for a response during the first period of time;

if the response is received, comparing an identifier

included in the response to the identifier of the next
configurable device;

providing a warning to an operator if a response from the

device indicates that the device is not properly config-
ured or if a response is not received within the first
period of time;

stopping the train if the operator does not acknowledge

the warning and slow the train to a reduced speed
within a second period of time; and

if the warning is acknowledged and the reduced speed is

achieved within the second period of time, maintaining
the reduced speed until the operator verifies that the
device is configured properly or until the train has
passed the device.

65. The method of claim 64, further comprising the step
of transmitting a command to the next configurable device,

WABTEC CORP. EXHIBIT 1001
Page 11 of 12



US 6,996,461 B2

11

the command instructing the next configurable device to
assume a proper configuration.

66. The method of claim 64, wherein the configurable
device is a switch and further comprising the steps of storing
route information from a dispatcher in a memory and

12

determining whether the switch is properly configured by
comparing a direction of the switch to a desired direction of
the switch based on the route information.
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