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FIG. 1

(57) Abstract: An imaging system includes a camera and a controller. The camera is configured to be disposed on a first vehicle sys -
tem or at a wayside location along a route to generate image data within a field of view of the camera. The controller is configured to
monitor a data rate at which the image data is provided from the camera. The controller also is configured to identify a stimulus
event within the field of view of the camera based on a change in the data rate at which the image data is generated by the camera.
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IMAGING SYSTEM AND METHOD
CROSS-REFERENCE TO RELATED APPLICATIONS

18001} This application clains priority to U8, Provisional Application Serial No.
61/940.584, which was filed on 17-February-2014, and is entitled “Imaging System And

Methed,” the entive disclosure of which is incorporated by reference.
FIFLD

{8082} Embodiments of the subject matter described herein relate to imaging systoms,

such as imaging systems onboard or near vehicle systems.
BACKGROUND

{8883 Yehicle systems such as traing or other rail vehicles can include cameras disposed
on or near the vehicle systems. These cameras can be used to record actions cequrring
outside of the vehicle systems. For example, forward facing camceras can continuously record
video of the locations shead of a train.  1f a collision between the train and another vehicle
occurs {¢.g., an automobile is struck at a crossing), then this video can later be reviewed to
determine Hability for the collision, whether the other vehicle improperly moved through a

gatc or signal, whether the train was moving too fast, ot the like.

[3804] One problem with these cameras is that the cameras are analog cameras that
continuously record videos, Due to limited memory space, vot all of the video is saved. For
example, older video 15 erased and written over in a recording loop. As a result, some of the

video that can be relevant to a post-aceident investigation may be lost.

[B085] Additionally, if the operator witnesses something along the route that is captured
by the video obtained by the camera, the video can later be reviewed to examine the itom of
mterest along the route. But, if the recorded video is long, then i may be difficult and/or

time consuming to identify the time at which the object is shown n the video.

8006] Some vehicle systems are prone to trespassers. For example, duc to the size of

trains, the trains can be susceptible to trespassers entering nte one or more locomotives or
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rail cars of the trains without being detected. The train can be inspected by operators of the

train, but this nspection can take a considerable amoumt of time.

{86671 Some vehicle systems also may include multiple vehicles coupled with cach other.
For example, some trains can include multiple locomotives joined by rail cars. Operators
may be disposed onboard the locomotives, but one operator may not be able 1o sec the other
operator without leaving the locomotive and moving to the other locomotive. During
movement, the operators are unable to see each other and may not be able to ensure that the

other is alert and operating the locomotive properly.
BRIEF DESCRIPTION

[B008] In one example of the inventive subject matter deseribed hevein, a system {e.g., an
imaging system) includes s camers and a controlier. The camera is configured to be disposed
on a first vehicle systern or at a wayside location along a rouie to generate image data within
a field of view of the camera. The controller is configired to monitor a data rate at which the
image datz is provided from the camera. The controlier also is configured to identify a
stimoulus overd within the ficld of view of the camera based on a change in the data rate at

which the image data is generated by the camera.

16009] In another cxample of the mventive subject matter described herein, a method
{e.g., an imaging method) includes obtaiming image data of a field of view of a camera. The
field of view inchudes at least a portion of a first vehicle system. The method also mchides
monitoring, with one or more coraputer processors, a data rate at which the image data is
provided from the camera, and identifying (with the one or more computer processors) 4
stimulus event within the field of view of the camera based on a change in the data rate at

which the image data is generated by the camera.

{8014} In ancther example of the inventive subject matter described herein, a system
{e.g., an imaging system) includes a camera and a controller. The camera is configured 1o be
disposed onboard a first velicle of a vehicle system that includes the first vehicle and at least
a second vehicle mechanically coupled with each other. The camera also s configured to
obtain image data, compress the image data into compressed image data, and output the

compressed image data at a bit rate. The controfler is configured to monitor the bit rate at
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which the compressed image data is output and to identify a stiouilus event cccurring on or at
the first vehicle responsive to the bit rate changing by at least a designated threshold. The
controller also is configured to gencrate one or more alarm sigoals responsive o the bit rate

changing by at least the designated threshold.
BRIEF DESCRIPTION OF THE DRAWINGS

{8811} The subject matter described herein will be better vnderstood from reading the
following description of non-limiting embodiments, with reference to the attached drawings,

wherein below:

[B8013] Figure 1 is a schematic illustration of a vehicle system according to one example

ot the inventive sabject matter;

18013) Figore 2 s a schematic illustration of an imaging system shown in Figure
disposed onboard at icast onc vehicle shown in Figore 1 according to one example of the

mventive subject matter described hereing

8014} Figure 3 illustrates a timeline projection of 2 moving time window over which
image data obtained by the camera shown in Figure 1 15 kept when the camera 18 in a
deactivated or inactive state according to one example of the fnventive subject matter

described herein;

[B015] Figure 4 illostrates a timeline projection of the image data obtained by the camera
shown in Figure | that is kept when the camera is in an activated siate according to one

exaniple of the inventive subject matter described hercin; and

8016} Figare 5 illustrates a flowchart of a2 method for imaging a vchicle systom

according to one example of the inventive subject matter deseribed herein.
DETAILED DESCRIPTION

(8617} One or more embodimenis of the inventive subject matter described herein relate
to imaging systems and methods for vehicle systems.  While several examples of the
wnventive subject matter are described in terms of rail vehicles (e.g., trains, locomotive,

focomotive consists, and the like), not all embodiments of the inventive subject matter is

53
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Hmited to rail vehicles, At least some of the nventive subject matter may be used in
connection with other off-highway vehicles e.g., vehicles that are not permitted or designed
for travel on public roadways, such as mining equipment), automobiles, marine vessels,

airplanes, or the like.

18018} Figure 1 18 a schematic tllustration of a vehicle systern 100 according to one
example of the inventive subject matter. The vehicle system 100 inclhudes several propulsion-
generating vehicles 102 (e.g., vehicles 102a-¢) mechanmically coupled with ecach other and/or
several non-propulsion-generating vehicles 104 {e.g., vehicies 104a-c) by couplers 106. The
vehicles 102, 104 are coupled with each other to travel along a voute 108 together. In the
iflustrated example, the vehicle system 100 is a rail vehicle system with locomotives {e.g.,
vehicles 102) and rail cars {c.g., vebicles 104), but alternatively may be another vehicle
system.  The number and arrangement of the vehicles 102, 104 are provided merely as one
example. The vehicle systermn 100 may inclade a different mumber and/or arrangement of the
vehicles 102, 104, As one example, the vehicle system 1060 may be formed from a single

vehicle 102 or 104,

{8619} The vehicle system 100 inchudes an imaging system 110 disposed onboard one or
more of the vehicles 102, 104, The fmaging system 110 includes one or more cameras 112,
one or more camera controllers 114, and/or one or more stimmulus sensors 116, Wiale the
ustrated example shows cach of the vehicles 102 mehuiding a camera 112, a controller 114,
and a sensor 116, optionally, onc or more of the vehicles 104 may inclode a camcers,
controller, and/or sensor, and/or one or more of the vehicles 102 may not include a camera,

controller, and/or sensor.

[B828] The cameras 112 may include internal and/or external cameras. An internal
camera is a camera that is coupled with the vehicle system 100 so that 8 field of view of the
camera {¢.g., the space that is imaged or otherwise represented by image data gencrated by
the camera} includes at least part of an interior of the vehicle system 100,  An external
camera is a camera that is coupled with the vehicle system 100 so that the field of view of the
camera includes at least part of the exterior of the vehicle system 100, At least one of the
cameras 112 may be a cab camera, or a camera that is mounted inside the vehicle 102 to

obtain image data of a location where an operator of the vehicle 102 sits or otherwise works
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to control operations of the vehicle 102 while the vehicle system 100 moves along the route
108. The image data obtained by the cameras 112 can be electronic data representative of

stili images and/or moving videos.

{8021} One or more of the cameras 112 may be digital cameras capable of obtaining
relatively high quality image data (e.g., static or still images and/or videos). For example, the
cameras may be [uternet protocel (IP) cameras that generate packetized image data. The
cameras 112 can be high definition (HD) cameras capable of obtaiming image data at
relatively high resclutions. For cxample, the cameras 112 may obtain image data baving at
fcast 480 horizontal scan Hnes, at least 576 horizontal scan hnes, at least 720 horizontal scan

iines, at least 1080 horizontal scan lines, or an even greater resolution.
k. 2 o

8022 The controllers 116 include or represent hardware circuits or circuitry that
ncludes and/or is connected with one or more computer processors, such as one or more
compuater microprocessors. As described herein, the controllers 116 dictate operational states
of the cameras 112, monitor the cameras 112 to sense movement i and/or around the vehicle
system 100, save image data obtained by the cameras 112 to one or more memory devices,
generate alarm signals responsive to identifying various stimuli from the image data, and the

fike.

8023} Figure 2 is a schematic Hlustration of the imaging system 110 disposed onboard at
least one of the vehicles 102 shown in Figure 1 according to one cxample of the joventive
subject matter described herein. The vehicle 102 shown in Figure 2 includes an interior
camera 112 (which also can be referred 10 as a cab camera when the field of view of the
camera 112 includes an interior space or chamber 200 of the vehicle 102 where an operator is

located to control movement or other operations of the vehicle 102).

18624} The cameras 112 can be used in connection with onboard sensors 116 on the
vehicle 102 to control an active or mactive state of the cameras 112, control which portion of
the image data obtained by the cameras 112 is saved, or the like. The cameras 112 and/or
sensors 116 may be used to provide a variety of increased functionality for the vehicle system
100 (shown m Figare 1), As onc example, when the vebicle system 100 15 sitting still for at

least a desigonated period of time, the controller 114 can deactivate the camera 112, The

N
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controller 114 can represent hardware circuits or cireuitry that include and/or are connected
with one or more computer processors, sach as computer microprocessors.  While the
controller 114 is shown as being disposed onboard the same vehicle 102 as the camera 112
being controlied by the controlier 114, optionally, the camera 112 may be controlled by a
controller disposed on ancther vehicle 102, 104 (shown i Figure 1) of the same vehicle
system 1, by a controller disposed onboard another vehicle system, or a controller located

oft-board any vehicle system {e.g., at a dispatch facility or other facility).

8025} in one embodiment, the camera 112 may continge {0 obtain image data when the
camera 112 is n a deactivated state, but only during a moving time window. For example,
the camera 112 may contimiously or otherwise obtain the image data, but the image data
acquired fonger than a designated time period (e.g., 30 seconds, five minutes, ten minugtes, or

another time period) is discarded and not saved for later review.,

[8826] Figure 3 illustrates a timeline projection 360 of a moving time window 302 {(e.g.,
windows 302a-f shown in Figures 3 and 4) over which image data obtained by the camera
112 {(shown m Figures | and 2) is kept when the camera 112 is in a deactivated state
according to one example of the inventive subjoct matter described herein. The timeline
projection 300 includes a horizontal axis 304 representative of time. The moving time
window 302 represents a pertod of time over which image data is saved. Image data obtained
during the time period encompassed by {e.g., inchuded within) the moving time window 302

is saved and image data outside of the moving time window 302 is discarded.

{8627} The time window 302 begins at a starting time 306 {c.g., starting times 306a-d)
and cods at a current time 308 (e.g., current times 308a-d). Fach of the time windows 302
represents a different period of time. For example, when the camera 112 jutially starts
chtaining tmage data at 3 first starting time 3064, the image data is temporarily saved {e.g., on
a memory device 202 of the vehicle 102, as shown in Figure 2} from the starting time 306a to
a current time.  The moemory device 202 can represent a read only and/or random access
memory of the vehicle system 100, such as a computer hard drive, flash drive, optical disk, or
the hke. The memory device 202 optionally may be located on another vehicle 162, 104 of

the same vebicle system 100, on another vehicle system 100, and/or in an off-board facility.



WO 2015/123018 PCT/US2015/013183

[B828] As the current time advances, the starfing time 306 of the time window 302 also
advances by the same amount. The starting time 306 of the time window 302 precedes the
current time 308 by a designated period of time 310 such that the starting time 306 advances
with the current time 308, The designated period of time 310 may be a length of time such as
30 seconds, one minute, five minutes, ten minutes, thirty mingtes, or the like). As the starting
fime 306 advances, the image data acquired prior to the starting time 306 of a current time

window 302 is discarded, such as by being erased.

16029] When a stimulus is detected, the camera 112 is switched to an activated state. For
example, when movement, sound, a change in foree or acceleration n the vehicle system 100
is detected, the controller 114 can switch the camera 112 from the inactive state to an
activated or active state. In the activated state, the image data obtained by the camera 112

can be saved in the memory device 202 for longer than the designated time window 3072,

8036} Figure 4 illustrates a timeline projection 400 of the image data obtained by the
camera 112 {shown in Figures 1 and 2} that is kept when the camera 112 is in an activated
state according to one example of the inventive subject matter described herein. By “kept,” it
is meant that the image data is saved locally {c.g., on the memory device 202 shown in Figure
2} and/or in a remote location {2.g., a dispatch facility or other location) for longer than the
designated period of time 310 that defines the time windows 302 used when the camera 1172

1s in the deactivaied or inactive state.

18631} A stimulus event is detected at an event time 402, For example, movement nside
the cab of the vehicle 102, a sound, acccleration of the vehicle 102, or the hike, may be
detected at the cvent time 402, Prior to the event tirae 402, the camera 112 may be in the
deactivated state. Respousive to detecting the stimulus event, the controller 114 can switch

the camera 112 to the activated state.

18032} After being activated at the event time 402 {(or shortly thereafter), the image daia
acquired by the camera 112 1s saved in the memory device 202 (shown in Figure 2). For
cxample, the image data acquired by the camera 112 after the event time 402 may be saved in

the memory over a longer time period 404 than the moving time window 302,
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[6833] In one aspect, the controller 114 saves the image data obtained during the time
window 302f that precedes the cvent time 402. When the controller 114 identifies the
stimulus at the event time 402, the controller 114 may save the image data obtained by the
camera 112 during the time window 302f that leads up to the event time 402 and may
continue to save the image data obtained from the camera 112 subsequent to the event time
402. This image datz before, during, and after the event time 402 can be saved i the

memory device 202 or another location.

{8034} The time window 302 begins ai a starting time 306 {¢.g., starting times 306a-d)
and ends at a current ime 308 (c.g., current times 308a-d). Each of the fime windows 302
represents a different period of time. For example, when the camera 112 initially staris
obtaining image data at a first starting time 306a, the image dats is temporarily saved {e.g., on
a memory device 202 of the vehicle 102, as shown in Figure 2) from the starting time 306a to
a current time. As the current time advances, the starting time 306 of the time window 302
also advances by the same amount. The starting time 306 of the time window 302 precedes
the current time 30¥ by a desigoated period of time 310 such that the starting time 306
advances with the current time 308, The designated period of time 310 may be a length of
tme such as 30 seconds, one minute, five nunutes, ten minutes, thirty minutes, or the hike).
As the starting time 306 advances, the image data acquired prior to the starting time 306 of a

current time window 302 is discarded, such as by being erased.

16035] When a stimulus is detected, the camera 112 is switched to an activated state. For
example, when movement, sound, a change in force or acceleration in the vehicle system 100
1s detected, the controller 114 can switch the camera 112 from the tnactive state t¢ an
activated or active state. In the activated state, the image data obtained by the camera 112

can be saved in the memory device 202 for longer than the designated time window 302,

8036} Preserving the image data in this manner from before the event time 402 can be
useful in wdentifying the cause of the stimulus that occurred at or near the event time 402, For
example, at some point in fime after the event time 402 {e.g., the next day, when the vehicle
system 100 arrives at a destination, doring a post-accident nvestigation, or the like), the
image data can be obtained from the memory device 202 and cxamined to delermine if the

cause of the stimulus is shown in the tmage data obtained prior to the cvent time 402.
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{8037] Returning to the description of the imaging system 110 shown in Figure 2, the
controller 114 can use data obtained by one or more sensors 116 {e.g., sensors 1163, 116b)
and/or the camera 112 to detect the stimulus event that causes the camera 112 to switch from
the mactive state to the active state. Onc example of the stimulus that can be used to activate
the camera 112 ichides a sound that is detected with an audio sensor 116b, such as a
microphone. The audio sensor 116b can scuse a sound and, when a decibe] level excecds 2
decibel threshold, a frequency of the sound exceeds a threshold, a frequency of the sound
falls below a threshold, a frequency of the sound 1s within a frequency range, or the like, the
controller 114 may determine that a stimolus event has occorred. The detected soumd may be
indicative of a door of the vehicle system 160 closing, opening, or the like. The sound could
mdicatc a person cnfering or exiting the vebicle system 100, As described above, upon
detection of such a stimulus event, the image data acquired prior to, during, and/or
subsequent to the event can be saved for later examination to determine if someone entered

into or exited from the vehicle 102 and/or whether the entry or exit was authorized.

{8838] Optionally, the controller 114 may differentiate background sounds from sounds
generated by a stimoulus event.  For example, the controller 114 can subtract out or otherwise
remove previously recorded or known background sounds from audic data obtained by the
sensor 116b. If the remaining sound indicates a stimulus event, then the controller 114 can

determine that the stimulus event has occurred.

[6839] Another example of the stimulus that is detected by the controlier 114 to activate
the camera 112 can be detection of a changing force or acceleration by a force or acceleration
sensor | 16a, such as an accelerometer. Upon detecting a change in the force or acceleration
measured by the sensor 116a, the controller 114 may determine that the stimulos event has
occurred. The changing force or acceleration could represent another vehicle system 100 or
object colliding or otherwise running into the vehicle system 100 having the imaging system
110, a relatively hard coupling of the vehicle systemr 100 to one or more other vebicles {¢.g.,
the coupling of onc or more locometives and/or rail cars {0 a locomotive having the imaging
system onboard), or the like. As described above, the controlier 114 can activate the camoera
112 responsive to detection of such a stimulus event, and the image data acquired prior to,

during, and/or after the stimulus event can be examined to determine the cause of the change
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m force ov acceleration, Hability for the cause of the change in force or acceleration, or the

fike.

{68441 Ancther example of the stimolus event detected by the controller 114 can be the
scunsing of movement in the ficld of view of the camera 112 using a data rate of the camera
112, For example, the camera 112 may acquire and/or compress the image data as the image
data is obtained {or shortly thercafter) when the camera 112 in the inactive state and/or active
state. During periods of inactivity in the ficld of view of the camera 112, the image data may
represent highly redundant images over time.  For example, when there is little to no
movement or changes in the field of view of the camera 112, such as when there are no
persens moving in the cab of the vehicle 102, then image data acquired at different times may
be substantially similar and/or identical. As a result, the amount of compression of the image
data can be relatively large, and the data rate (e.g., bit rate) at which the compressed image
data is output from the camera 112 to the controller 114 and/or memory 202 may be
relatively low {e.g., a slower rate than when movement s ccowrring within the field of view

of the camera 112).

{8041} Another example of 3 stimulus cvent is a change in operational settings of the
vehicle systern 100, For example, the countroller 114 can moniior throttle settings, brake
settings, activation states of computer devices, or the like, onboard the same and/or another
vehicle 102, 104, If one or more of these settings change, then the controller 114 can identify

a stimulus event as occurring.

{8042} During periods of activity {(e.g., movement of one or more persons within the field
of view of the camera 112), the image data may represent images that significantly change
over time. The image data acquired at a first time may be significantly different from the
image data acquired at a different, second time due to movement of one or more objects {e.g2.,
persons) within the ficld of view of the camera 112, As a result, redundancy in the image
data may be less, the amount of compression of the tmage data can be smaller, and the data
rate (e.g., bif rate) at which the compressed image data 1s output from the camera 112 may be

larger.

16
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[8043] This change in the data rate of the image data coming from the camera 112 can be
used to deteet movement within the field of view of the camera 112, The controller 114 can
monitor the data rate of the camera 112, The data rate and/or changes in the data rate can be
compared to one or more designated, non-zero thresholds by the controller 114 1o identify a
stimnulus event. In one example, the controlier 114 can use the data rate and/or changes in the
data rate (o differentiate between incidental movement versus movements of interest within
the ficld of view of the camera 112, For example, an increase in the data rate resulting from
birds flving by a window of the vehicle 102 may not cause a significant increase in the data
rate and, as a result, is not identified as a stimulus event by the controller 114, In contrast, a
farger movement within the field of view, such as a person entering the cab of the vehicle
102, passage of another vehicle system (e.g., a train, automoebiles, or the like), or the like, can
constitute larger movements in the field of view of the camera, which cause a significant
increase in the data vate. As a result, these types of movemenis may be identified as 2
stimulus ovent by the controller 134, As described above, the controller 114 may then
activate the camera 112 in response to identification of the stimulus event. In such a
situation, the controller 114 can wose the data rate of image data provided by andior
compressed by the camera 112 in order to identify entry of 2 person into the vehicic 102
without use of data processing intensive algorithms and/or ervor prone algorithms, such as

image or facial recognition.

{8844 In one aspect of the inventive subject matter described herein, the detection of the
stimudus event by the controller 114 may be used as a security feature of the imaging system
110. For example, the times at which eniry into the vehicle 102 are authorized may be
known to the controller 114 {c.g., by being stored in the memory device 202 and/or
communicated to the controller 114 from an off-board facility). The controller 114 can
compare the time at which a stimolus event is detected (e.g., the event time detected using the
camera 112, the sensor{s) 116, or otherwise) to a list, table, or other memory structure of
times or time periods that entry into the vehicle 102 15 muthorized or permitted by the owner,
operator, carctaker, or the like, of the vehicle 102, Optionally, the controller 114 can
compare the gvent time of the stimuhis event to a list, table, or other memory structure of
times o7 time periods that entry i to the vehicle 102 is not authorized or pormitted. Based on

cither of these comparisons, the controller 114 can determine if the stinuidus event represents

i1
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an authorized or unauthorized cotry into the vehicle 102, An unauthorized entry can be entry
ot a person into the vehicle or vehicle system that is never permitied to enter into the vehiclke

or vehicle system, or a person that is not permitted to enter into the vehicle or vebicle system

at that fime (but may be allowed to enter into the vehicle or vehicle system at another time).

18045} Responsive to determoining that the stimulbus event ropresents or 18 caused by an
vnauthorized entry into the vehicle 102, the controller 114 may imitiate one or more
responsive actions. In one example, the controller 114 may direct an onboard alarm system
204 of the vehicle system 10{ o actuate one or more alarms. Optionally, the alarm system
204 may be entively or partially disposed onboard another vehicle 102 and/or 104 of the
vehicle systemr 100, The alarms may inclade lights that are activated, sounds that are
generated by speakers, or the like, to warn the person whe entered into the vehicle 102 that
thetr entry was detected, to notify others in the vicinity of the vnauthorized entry into the
vehicle 102, or the like. Additionally or aliernatively, the controller 114 may deactivate the
vehicle 102 and/or vehicle system 100 so that the unauthorized person in the vehicie 102
cannot operate the vehicle 102 or vehicle system 100. The controller 114 optionally may

conunuricaie an alarm signal using a coranwmication device 206 of the vehicle 102.

8046} The communication system 206 optionally may be entircly or partially disposed
onboard another vehicle 102 and/or 104 of the velucle system 100, The communication
system 206 represents hardware circuits or eivegitry that inclade and/or are conmected with
one or more computer processors (e.g., microprocessors) and communication devices {e.g.,
wircless antenna 208 and/or wited connections 210) that operate as transmifters and/or
transceivers for communicating signals with one or more locations disposed off-board the
vehicle 102, For example the commumication system 206 may wirelessly commmmicate
signals via the antenna 208 and/or commumnicate the signals over the wired comnection 210
(e.g., a cable, bus, or wire such as a multiple unit cable, trainline, or the like) to a facility

and/or another vehicle system, to another vehicle in the same vehicle system, or the hike.

18647} The controller 114 can cause the communication system 206 to fransmit or
broadcast the alarm signal to an off-board facility {e.g., a scourity company, a police station,
or the like}, to an operator disposed on another vehicle system or another vehicle in the same

vehicle system, or the like, to netify of the unauthorized erdry into the vehicle 102, As
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described sbove, the image data obtained prior to, during, and/or after the unauthorized entry
(e.g., the stimulus gvent) can be examined to identify the person who made the vmauthorized

entry.

[8048] The controller 114 optionally can examine the data representative of the stimulus
cvent to cstimate a number of persons located in the vebicle 102, For examaple, changes in
the rate at which the 1mage data is compressed and/or provided from the camera 112 can be
examined to determine when a stimolus event occurs. In one aspect, the controller 114 can
compare the data rate and/or changes in the data rate to phural different thresholds, A first,
lower threshold may be used to determine when one or more persons have entered into and/or
are located within the vehicle 102, A second, larger threshold may be used to determine
when two or more persons have entered into and/or are located within the vehicle 102, A
third, larger threshold may be used to determine when a larger sumber of porsons have
entered into and/or are located within the vehicle 102, and so on. Depending on which of
these thresholds that the data rate and/or change in the data rate exceeds, the controller 114
may estimate the number of persons that have entered into and/or are disposed within the

vehicle 102,

18049} The controller 114 can compare the cstimated number of persons in the vehicle
102 with an authorized number of persons (e.g., stoved in the memory device 202}, If the
estimated number 18 greater than the authorized number, then the controller 114 can generate

onc or more alarm signals, as described above.

{8056} The tmaging system 110 optionally may adjust operational settings of the camera
112 and/or comdroller 114 1o increase the accuracy of detecting stimaulus events in or around
the vehicle 102 and/or vehicle system 100 and/or 10 reduce false alarms. These adjustments
can be made automatically (c.g., without operator intervention) and/or by suggesting the

changes to an operator, who then impiements the changes.

18651} In one aspect, the controller 114 identifies changes in ambient conditions nside
and/or outside the vehicle 102 or vehicie system 10{, and modifies operational setiings of the
camera 112 in response thereio. For example, a location determining device 212 of the

vehicle system 100 can generate data vepresentative of where the vehicle system 100 is
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located and/or, a curvent date and/or time. The location determining device 212 can represent
a global positioning system (GPS) receiver, a radio frequency identification (RFID
transponder that comumunicates with RFID tags or beacons disposed alongside the route,

computer that triangulates the location of the vehicle system 100 using wireless signals
communicated with cellular towers or other wireless signals, a speed sensor (that outpuds data
representative of speed, which is transiated into a distance from a known or entered location
by the controller 114}, or the like. The controller 114 receives this data and can determine
the location of the vehicle 102 and/or the current date and/or ime. Optionally, the controller
114 ecan track the current date and/or time, such as by using an internal clock or another

device.

{8852} Based on the location, time, and/or date, the controller 114 can estimate the
amount of Hght (or lack thereof) to which the vehicle 102 is exposed. 1 the vehicle 102 is in
a location that is exposed to sunlight at the current time and/or date, then the controller 114
can change the operational seitings of the camera 112 to redoce the amoont of light entering
the camera 112, For example, the controlier 114 can redoce an aperture size of the camera
112, fncrease & shutter speed, or the Hike. As a result, the image data obtained by the camera
112 may more accurately retlect objects in the field of view of the camera 112, [fthe vehicle
102 is in a location that is exposed to low lovels of hight {or no Hght), and/or the vehicle 102
is exposed to low levels of light {or no light at the current time and/or date, then the
controller 114 can change the operational settings of the camera 112 to merease the amount
of light entering the camera 112, For example, the controller 114 can increase an aperture

size of the camera 112, decrease a shutter speed, or the like,

{8053} The controller 114 optionally may adjust the operational settings of the camera
112 based on current weather conditions at the location of the vehicle 102, For example, the
controller 114 may receive weather data (¢.g., from an off-board source, such as a dispatch
facility, weather station, or the hke) indicative of weather conditions at or near the vehicke
102, These conditions may represent the amount of clouds in the sky, the wind speed,
preciptation, or the like. Based on these conditions, the comtroller 114 may change
operational settings of the camera 112, For example, the controller 114 can increase the
amount of Hight entering into the camera 112 when the weather conditions ndicate significant

cloud coverage, heavy rains, or the like, that reduce the amount of incident light on the
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vehicle 102, Or, the controller 114 can decrease the amount of light entering the camera 112,
such as when the vehicle 102 is located in an arca with snow coverage around the vehicle

102

[8054] The controller 114 can usc the identified ambient conditions {e.g., daylight, night,
cloud coverage, precipitation, or the like) to change operational settings of the vehicle system
100 10 order to modify the amount of light entering into the camera 112, For example, if the
controller 114 determines that the ambient level of light is relatively low due to the time of
day, location, and/or weather conditions, then the controller 114 may automatically activate
lights inside and/or outside the vehicle system 100 to nerease the amount of Hght in the field

of view of the camera 112 to improve the images and/or videos obtained by the camera 112,

[BBS5] In another example, the controller 114 can change the thresholds to which the
sovnds detected by the audio sensor 116b are compared in order to identify a stimulus event
based on the weather data. For example, if the controller 114 determines that the weather
data indicates that the vehicle 102 1s in an arca experiencing heavy rainfail, hail, or the like,
then the ambient noise around the vehicle 102 may be significant.  As a result, the controller
114 can increase the decibel threshold(s) to which the detected sounds are compared in order
to determine if a stimulus event occurs., This can prevent the sounds of rain, hail, or other
precipitation being incorrectly identified as a stimulus event {e.g., a door of the vehicle 102

closing or opening}.

18056} The controller 114 may activate the camera 112 and/ov modify the resolution at
which the tmage data is acquired by the camera 112 based on a location of the vehicle system
100. For example, based on the location of the vehicle 102, the condroller 114 can activate
and/or increase the resohution of the camera 112 {e.g., change the camera 112 so that the
minimum distance between two distinguishable objects in the image data obtained by the
camera 112 is decreased). The controller 114 can do this in notable arcas or locations of
mterest, such as at or near crossings between a route being traveled by the vehicle system 100
and another route, locations where previous accidents have oceurred, locations where damage
i the route and/or objects near the route has been identified, or the like. These notable areas

or locations of interest may be previously identified and stored in the memory dovice 202.
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The controller 114 can then reduce the resclution and/or deactivate the camera 112 when the

vehicle system 100 is no longer at or within the notable areas or locations of interest.

{8057} In one aspect of the inventive subject matter, the image data that is output from
the camera 1172 is saved onto one or more elecironic files on the memory device 202, When
the camera 112 15 deactivated or in the inactive state, the image data may be saved into a st
file on the memory device 202, As described above in connection with Figures 3 and 4, only
a moving time window 302 of the image data may be saved in this file, and image data older
than the starting time 306 of the moving time window 302 is discarded (in one embodiment).
When the camera 112 is activated, the image data may be saved into a different, second file
on the memory device 202. This second file may inclode the tmage data acquired at the event
fime 402 {shown in Figure 4) and subsequent image data, as well as the image data from the

moving time window 302 that led up to the event time 402,

o<

[8058] The camera 112 optionaily may be manually activated by an operator located
onboard or off-board the vehicle system 100, An operator actuation device 214 can represent
an input device, such as a button, switch, lever, pedal, touchscreen, keyboard, electronic
mouse, stylus, microphone {e.g., for use with voice activation}, or the like, that is actuated by
an operator to cause the camera 112 switch 1o the active state or, if the camera 112 akeady is
m the active state, to start saving the image data to a new file on the memory device 202,
Optionally, the camera 112 can be manually activated or start saving to the new file by

receiving a signal from an off-board location via the conumumication system 206.

{8059} In one embodiment, actuating the operator actuation device 214 additionally or
alternatively can clectronically mark or otherwise flag the file to which the image data is
being saved. This mark or flag can be used to more quickly identify the time and/or location
1 the file where the operator activated the device 214, The operator can activate the device
214 when the operator sces something of intercst that he or she wants to be reviewed in the

image data at 2 Jater time.

[806#] The operaior actuation device 214 may be used {o request assistance from one of
more other vehicle systeras. For example, in response to secing an item of interest in or noar

the route being traveled by the vehicle system 100, the operator can actuate the device 214 to
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causc an assistance request signal 1o be broadcast or transmitted to one or more other vehicle
systems via the conmmonication systemy 206, These other vehicle systems can include
imaging systems 110 and/or cameras 112 that are actuated when the other vehicle systems
reach or travel near the location where the operator actuated the device 214, In doing so,
multiple sets of image data of the same location can be obtained by different imaging systems
110 and/or different vehicle systems. This additional image data can be used to verify or
refute the potential dentification of 2 problom near the route.  Uptionally, the assistance
request signal may automatically be sent responsive to the camera 112 being switched from

the inactive state to the active state.

{6861} The vehicle 102 (and/or one or more other vehicles 102 and/or 104 in the same
vehicle system 100) may include a display device 216, such as a monitor, touchsereen, or the
like, that prosents the image data acquired by the camera 112, The display device 216 can

present the image data for viewing by an enboard operator of the vehicle 102.

18862} As described above in connection with the vehicle system 100 shown in Figure 1,
the 1maging system 110 of the vehicle system 100 can include cameras 112 on mulnple
vehicles 102 and/or 104, The image data acquired by onc or more of the cameras 112 can be
stored in a memory device 202 of another vehicle. For example, the cameras 112 may be
connected with each other in a network onboard the vehicle system 100 so that the image data
acquired by multiple cameras 112 are stored at a common memory deviee 202, This network
may be formed from wired and/or wireless connections {e.g., using the antennas 208, wired
conmections 210, and/or commuuication systems 206 on two or more of the vehicles 102

and/or 104) onboard the vehicle system 100,

[6863] In such a network, the image data can be routed to the controller 114 onboard one
or more of the vehicles 102 and/or 104 for processing, and/or to one or more wireless
commumnication devices attached to the network, but not disposed onboard the vebicle system
100. An operator disposed onboard one vehicle 102 or 104 can view the image data acquired
by one or more cameras 112 disposed onboard one or more other vehicles 162, 104, The
operator can then remotely monitor events occurring in areas of the vehicle system 100 that

may not be casily accessible to the operator.



WO 2015/123018 PCT/US2015/013183

[8064] Optionally, the issvance of an alarm signal responsive to identification of a
stimudus event on one vehicle 1062 or 104 may be communicated to a vehicle 102 or 104
having an operator disposed onboard. This alarm signal can notify the operator of the
stimulus event and cause the image data obtained onboard the same vehicle where the
stimulys event was detected to be presented to the operator via the display device 216, This
image data can be referred to as remotely acquired tmage data. The alarm signal can be sont
so that an operator can view frespassers in another Jocation of the vehicle system 100, The
alarm signal and/or the remotely acquired image data may be astomatically sent to the

operator in response to detection of the stimulus event.

18665] In another example, one or more sensors 106, such as fire detectors, smoke

ctectors, noxious gas detectors, motion detectors, or like, can issuc alarm signals to an
operator in another vehicle 102, 104, These sensors 106 can therefore notify the operator of
any dangerous conditions on another vehicle 102, 104 m the same vehicle system 100, such
as open windows, fires, broken windows, vandalized property, or the like. The image data of
the corresponding vehicle 102, 104 also may be sent to the display device 216 near the
operator, so that the operator can view the location of the dangerous condition in real time or

near real ime without the operator having to move to the location.

[B066] Inspections of the vehicles 102, 104 prior to departure of the vehicle system 100
can be accomplished without an operator or crew having to physically travel to the vehicles
102, 104 by communicating the image data acquired by several cameras 112 in the vehicle
system 100 te a location where the operator or crow is located.  Adduiomally, using the
remotely acquired tmage data, one operator can check on the status of another operator or
crew member on another vehicle. For example, an operator in a first vehicle 102 may check
on the alertness of an operator io a second vehicle 1072 by viewing the tmage data acquired in
the second vehicle 102, 1 the operator in the second vehicle 102 is not alert or s not present,
then the operator in the first vehicle 102 may direct the controller 114 to generate an alarm
signal to be sent to the second vebicle 102 (or another location) {o activate one or more

alarms.

{8667} Additionally or alternatively, the controller 114 disposed onboard one or more

vehicles 102, 104 and/or off-board the vehicle systemm 100 may apply facial recogonition
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software or algorithms to the image data obtained onboard ancther vehicle in the vehicle
system 100 to attempt to identify persons in the other vehicle. For example, upon detecting
the cntry of 8 person into a first vehicle 162, 104, the controlier 114 onboard a second vehicle
102, 104 can cxamine the image data from the fivst vehicle using facial recognition software
or algorithms to determine if the face of a person shown in the image data matches a
previously stored facial tmage of a person approved to be inside the first vehicle. If the
condroller 114 is unable to determeine that the porson in the image data matches the approved
facial image, then the controller 114 may gencrate one or more alarm signals to indicate the

entry of a trespasser into the first vehicle.

{6068} Additionally or aliernatively, the controller 114 can use facial recognition
software or algorithms, or other detection software or algorithms, to cxamine the image data
and cstimate a number of individuals inside the first vehicle 102, 134, As described above, if
the estimated number of individuals exceeds an authorized threshold mumber of individuals,
then the controller 114 may generate one or more alarm signals. The alarm signals also can

be generated if no persens are identified as being present in the first vehicle 102, 104,

{8069} With respect to a rail vehicle system, one or more embodiments of the imaging
systemn 110 described herein can utilize live or recorded video streams made available by the
mmaging system 110 and communications between the controliers 114 and/or cameras 112,
tive or recorded video images from remotely located vehicles in the same vehicle system, and
the like to view, store, and/or process the video streams. With access to the video from
remote units {¢.g., vehicles}), a cab crew in another vehicle and/or operations persoune] in a
remote facility can be warned of a possible trespasser or operating rules violation in real time
or near real time. This can avoid requiring personnel to travel from the remote facility to the
vehicle system and/or tequiring an onboard operator in another vehicle of the same vebicle

system from moving to the remote vehicle where the trespassers or safety threat are located.

16678] While one or more examples of the inventive subject matter described herein
focus on cameras 112 disposed onboard and nside the vehicles 102, 104 of the vehicle
system 100, optionally, one or more of the cameras 112 may be disposed onboard, but outside
of the vehicles 102, 104, These exterior cameras 112 can be used to sense movement, record

objects, and the like, similar o as described above in comnection with the nterior cameras
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112, In one aspect, one or more (o7 all) of the cameras 112 of the imaging system {10 may
be disposed outside of and off-board the vehicle system 100, For example, one or more
cameras 112 can be coupled to a wayside device (or the cameras may be the wayside devices)
so that the wayside cameras obtain image data of the vehicle system 100. These wayside
cameras can record exterior portions of the vehicles 102, 104 and/or interior portions of the

vehicles 102, 104, such as through one or more windows.

{8071} Figure 5 illustrates a flowchart of a method 500 for imaging a vehicle system
according to one exampic of the imventive subject matier described hercin.  fn one
embodiment, the method 506 may be performed or practiced using the imaging system 110

{shown in Figure 1) described above. Optionally, another system may be used.

{8872} At 502, image data 1s acquired by one or more cameras. The cameras may be P
digital HD cameras, or ancther type of camera, such as 3 non-HD camera, 2 non-IP camera,

or another camera. The image data can represent still images and/or videos.

{6873] At 504, a determination is made as to whether the camera is in an active state. In
the active state, the image data acquired by the camera may be saved, such as in a local or
remote {(e.g., networked) memory device, for later analvsis or examination. In the mactive
state, the tmage data may only be saved for a moving time window that precedes a current
time. As the current time advances, the image data acquired prior to the length of time of the

moving time window is discarded {e.g., erased).

{8874] If the camera is in the mmactive state or is off, then flow of the method 500 can
proceed toward 506. If the camera is in the active state, then flow of the method 500 can

proceed toward 514,

18075} At 506, the image data acquired by the camera in the inactive state is saved for a
moving time window. As deseribed above, older fmage data can be erased or otherwise not

kept for later analysis or review in the Inactive state.

[6876] At 508 through 512, several checks on whether a stimulus event occurs are

performed. The order 1o which these chocks can be performed may vary from that shown in
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the tlowchart, one or more of these checks may not be performed, and/or one or more of the

checks may be performed muitiple times.

186771 At 508, a determination is made as to whether a sound is detected. For example,
the sounds sensed by a microphone or other sensor may be cxamined to determine if an
abnormal sound or sound of interest is identified. An abnormal scund or sound of interest
may be a sound that differs from background (e.g., ambient) sounds, such as a door opening
or closing, an object being dropped, footsteps, a human voice, breaking glass {or other

material), and the like.

[6678] If a sound is detected, then the sound may represent a stimulus event, such as a
persen entering into the vehicle systom.  As a result, flow of the method 500 can proceed

toward S14. f no sound is detected, then flow of the method 500 can proceed toward S,

16679] At 510, a deteroination is made as to whether a force or change in acceleration is
experienced by the vehicle or vehicle system. For example, a force sensor, accelerometer, or
the like, may be used to determine if another object (e.g., another vehicle) has collided with

the vehicle or vehicle systom, if the vehicle or vehicle system is moving, or the like.

16086] if such a force or acceloration is detected, then the force or acceleration may
represent a stioulus cvent, such as a coellision or hard coupling of the vehicle or vehicle
system with another vehicle or vehicle system.  As a result, flow of the method 500 can
proceed toward 514, If no sound is detected, then flow of the method 500 can proceed

toward 312,

{8081} At 512, a determination is made as to whether a rate at which image data is output
by the camera changes (c.g., whether a data rate changes). For example, the speed at which
image data 1s compressed by the camera, the speed at which the tmage data 1s comnumicated

from the camera to another device, or the like, may be monitored.

[8882] If this data rate changes, such as by increasing beyond a designated threshold
amount, then the increase in the data raie can indicate that more image data is being output by
the camera, that the comapression of the image data has decreased, or the like. This decrease

m compression, increase in image data, or the like, may indicate that the image data obtained
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by the camera is fess redundant. The decrease n image redundancy can represent movement
1 the field of view of the camera. For example, the change in the data rate can indicate that a
persen is moving in the ficld of view of the camera. As a result, flow of the method 580 can

proceed toward 514,

{8083 On the other hand, if the data rate does not increase or does not increase by more
than a designated threshold amount, then the data rate or change in the data rate may not
mndicate movement in the field of view of the camera. As a result, flow of the method 500
can return toward S02. For example, the method 500 can procced in a loop-wise manner
unless or until a stimulus event is detected. In one embodiment, the method 500 also may
mchide determining if one or more operational settings or controls have been changed
onboard the vehicle or vehicle system. Such a change may indicate a person onboard the
vehicle or vehicle system, and may be a stimulus event that causes the method 500 to proceed

to 514, Otherwise, flow of the method 500 can return to 502,

16084] At 514, the camera switches to the active state, and image data obtained by the
camera is saved. For example, the tmage data obtained during the time window that ended at
the time that the stimulus event is detected and additional image data obtained after the time
that the stimmnlus event s detected may be saved in 2 memory device. In doing so, the image
data acquired before, during, and after the stimulus event may be preserved for examination

in order to determine the cause of the stimuolus event.

{6685} In one example of the Inventive subject matter described herein, a system (e.g., an
imaging systemy) inclades a camera and a controller. The camera is configured to be disposed
on a tirst vehicle system or at a wayside location along a route to generate Umage data within
a field of view of the camera. The controller is configured to monitor a data rate at which the
image data is provided from the camera. The contreller also s configured to identify a
stimuus ovent within the field of view of the camera based on a change in the data rate at

which the image data is generated by the camera.

{6886} In one aspect, the controller is configured to ideniify the stimohis ovent as

movement within the field of view of the camera,
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{6887} In one aspect, the controller also is configured to activate one or move alarms

responsive to identifying the stimolus event.

{6038} In one aspect, the data rate at which the image data is provided from the camera

represents a bit rate at which the image data is compressed by the camera.

[3888] In one aspect, the controlier is configured to identify the stimulus event in the
field of view of the camera when a compression of the image deta decreases by more than a

designated, non-zero threshold decrease.

180948 In one aspect, the first vehicle systom includes at least a first vehicle and a second
vehicle mechanically coupled with each other. The camera can be configured to be disposed
onboard the first vehicle and the controlier is configured to be disposed onboard the second

vehicle in order to remotely monitor for the stimulus event in the first vehicle.

{6891} In one aspect, the controller is configured to determine at least one of a time or
date at which the stimulus event occurs based on the data rate at which the image data is
provided from the camera. The controller can be configured to compare the at least one of
the time or date to an authorized time or an authorized data to determine if the stimulus event

is authorized.

{8092} In one aspect, the controller is configured to compare one or more images formed
from the image data t0 one or more authorized images representative of persouns having
authorization to be in the first vehicle system. The controller also can be configured to
generate an alarm signal responsive to the one or more images differing from the one or more

authorized images.

16693} In one aspect, when the camera is in an ipactive state, the camera is configured to
save only the image data obiained during a moving time window that extends backward from
a current time to a previouns time by a designated, non-zere time period. When the camera is
i an active state, the controller is configured to save the image data obtained during the

moving time window and the image data obtained outside of the moving time window.,

{6694} In one aspect, the system also includes at least one of a force sensor or an audio

sensor. The force sensor can be configured to detect a change in acceleration of the first
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vehicle system.  The audio sensor can be configured to detect a sound in the first vehicle
system. The controller can be configored to switch the camera from the inactive state to the
active state responsive to at lgast one of the force sensor detecting the change in acceleration

or the audio sensor detecting the sound.

[8895] In one aspect, the controller is configured to automatically communicate an
assistance reqguest signal to one or more second vehicle systems responsive to the camera
switching from an inactive state to an active state. The assistance request signal can request
the one or more second vehicle systems to acquire additional image data at or near a location
of the first vehicle systermn when the camera switched from the inactive state to the active

state.

{6096 In one aspect, the system also includes an operator activation device configured to
be actuated by an operator of the first vehicle system to manually switch the camera from the

inaciive siate to the active state.

{8097} In one aspect, the controler also is configured io automatically generate a warning
signal that is communicated to an off-board facility respousive 1o the operator activation

device being actuated.

16098] In one agpect, the controller also is configured to identify a location of the first
vehicle systerm when at least one of the change in acceleration or the sound is detected. The
controller also can be configired to save the image data and the location of the first vehicle

system in a memory device.

{3899 In ong aspect, the controller can be configured to automatically communicate an
assistance request signal to one or more second vehicle systems responsive to the camera
switching from the inactive state to the active state, the assistance request signal requesting
the one or more second vehicle systems to acquire additional image data at a location of the

first vehicle system when the camera switched from the inactive state 1o the active state.

{88186} In one aspect, the camera is configured {0 compress the image data into
compressed image data, and to output the compressed image data at the data rate. The data

rate includes @ bit rate. The controller is configured to monitor the bit mate at which the
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compressed image data is output and to identify the stimulus event responsive to the bit rate
changing by at least a designated threshold. The controller alse can be configured to generate
onc or more alarm signals responsive to the bit ratc changing by at least the designated

threshold.

801817  In another example of the inventive subject matter described herein, & method
(e.g., an imaging method) includes obtaining image data of a field of view of a camera. The
ficld of view includes at least a portion of a first vehicle system. The method also includes
monitoring, with one or more computer processors, a data rate at which the tmage data is
provided from the camera, and identifying (with the one or more computer processors) a
stimnulus event within the field of view of the camera based on a change in the data rate at

which the image data is generated by the camera.

861821  In one aspect, the daia rate that is monitored is a bit rate at which the image data is

compressed by the camera.

1801831 In one aspect, the stimulus event is movement within the field of view of the

camera.,

180184  In one aspect, the stimulus event in the field of view of the camera is identified
when a compression of the image data decreases by more than a designated, nouv-zero

threshold decrease.

[B0185]  In one aspect, the method also includes determining at least one of a time or date
at which the stimulus event occurs based on the data rate at which the image data is provided
from the camera, and comparing the at least one of the time or date to an authorized time or

an authorized date, respectively, to determine if the m stimulus event ovement is authorized.

80186]  In one aspect, the method also inclades comparing one or more images formed
from the image dats to one or more authorized images representative of persons having
authorization to be in the first vehicle system, and generating an alarm signal responsive to

the one or more images differing from the one or more authorized images.

1801871 In onec aspect, the method also inclodes detecting at least one of a change in

acceleration of the first vehicle system or a sound in the first vehicle system, and switching
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the camera from an inactive state to an active state responsive to detecting the at least one of

the change in acceleration or the sound.

[80188] In one aspect, the method also includes automatically communicating an
assistance request signal to one or more second vebicle systems responsive to the camera
switching from an inactive state to an active state. The assistance request signal requests the
one or more second vehicle systems to acquire additional image data at or near a location of

the first vehicle system when the camera switched from the inactive state to the active state.

{86189} In another example of the nventive subjoct matter described herein, a system
{e.g., an imaging system) inchudes a camerza and a controller. The camera is configured to be
disposed onboard a first vehicle of a vehicle system that includes the first vehicle and at ieast
a second vehicle mechanically coupled with each other. The camera also 15 configured to
ohtain image data, compress the image data into compressed image data, and output the
compressed image data at a bit rate. The controller is configured to monitor the bit rate at
which the compressed tmage data is output and 1o identify a stioulus event cccurring on or at
the first vehicle responsive to the bit rate changing by at least a designated threshold. The
controller aiso is configured to generate onc or more alarm signals responsive to the bit rate

changing by at least the designated threshold.

180116}  In one aspect, the countroller is configured to be disposed onboard the second

vehicle to remotely monitor the first vehicle via the camera.

881117 In ove aspect, the controller is configured to 1dentity movement in the first vebicle

based on the bit rate decreasing by at least the designated threshold.

{86132} It is to be understood that the above description is intended to be illustrative, and
not restrictive.  For example, the above-described embodiments {and/or aspects thereof) may
be used in combination with each other. In addition, many modifications may be made to
adapt a particular situation or material to the feachings of the inventive subject matter without
departing from its scope. While the dimensions and types of materials described herein are
mtended to define the parameters of the mventive sabject matier, they are by no means
limiting and are cxemplary cmbodiments. Many other embodiments will be appareot {0 one

-

of ordinary skill in the art upon reviewing the above description. The scope of the javentive
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subject matter should, therefore, be determined with reference to the appended claims, along
with the full scope of equivalents to which such claims are entitled. In the appended claims,
the terms “including” and “in which” arc used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Moreover, in the following claims, the terms
“first,” “second,” and “third,” etc. are used merely as labels, and are not intended to impose
numerical requirements on their objects. Further, the Emitations of the following claims are
not written in means-plus-function format and are not intended 1o be interpreted based on 35
U.S.C. § 112(h), unless and until such claim himitations expressly use the phrase “means for”

followed by a statement of function void of further stracture.

{86113} This written description uses examples to disclose several embodiments of the
imventive subject matter and also to cnable a person of ordinary skill in the art to practice the
cmbodiments of the inventive subject matter, including making and using any devices or
systems and performing any incorporated methods. The patentable scope of the inventive
subject matter is defined by the claims, and may include other examples that occor to those of
ordinary skill in the art. Such other cxamples arc intended to be within the scope of the
claims if they have structural clements that do not differ frem the bteral language of the
claims, or if they inclade equivalent structural clements with msubstantial differences from

the literal languages of the claims.

{86114} The foregoing description of certain embodiments of the inventive subject matter
will be better understood when read in conjunction with the appended drawings. To the
extent that the figures ilhustrate diagrams of the functional blocks of various cmbodiments,
the fimctional blocks are not necessarily indicative of the division between hardware
circuitry, Thus, for example, one or more of the functional blocks (for example, processors
or memorics) may be implemented in a single piece of hardware (for example, a goneral
purpose signal processor, microcontrolier, random access memory, hard disk, and the fke).
Similarly, the programs may be stand-alone programs, may be incorporated as subroutines in
an operating system, may be functions in an installed software package, and the like. The
various embodiments are not Hmtted to the arrangements and instrumsentality shown in the

drawings.
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[88118]  As used herein, an element or step recited in the singular and proceeded with the
word “a” or “an” should be understood as not excluding plural of said clements or steps,
unless such exclusion is explicitly stated. Furthermore, references to “one embodiment” of
the inventive subject matter are not mtended to be interpreted as exclading the existence of
additional embodiments that also incorporate the recited featwes. Morcover, wnless
explicitly stated to the conirary, cmbodiments “comprising,” “including,” or “baving” an
clement or a plurality of elements having a particular property may inchlude additional such

clements not having that property,

28
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CLAIMS
WHAT IS CLAIMED IS:
1. A system comprising:

a camera configured to be disposed on a first vehicie system or at a waysude location
along a route of the fivst vehicle system, the camera configured to generate image data within

a ficld of view of the camera; and

a controller configured to monitor a data rate at which the tmage data is provided
from the camera, the controller configured to identify a stimulus event within the ficld of
view of the camera based on a change in the data rate at which the tmage data is gencrated by

the camera,

2. The system of claim 1, wherein the countroller is configured to identify the

stimulus event as movement within the field of view of the camera.

3. The system of claim 1, wherein the controller also 15 configured to activate

one or more alarms responsive o identifying the stimulas event.

4. The system of claim |, wherein the data rate at which the image data is
provided from the camera represents a bit rate at which the image data is compressed by the

camera,

S, The system of ¢laim 1, wherein the countroller is configured to identify the
stivwdlus event in the field of view of the camera when a compression of the traage data

decreases by more than a designated, non-zero threshold decrease.

5. The system of claim 1, wherein the first vehicle system includes at least a first
vehicle and a second vehicle mechanically coupled with each other, and wherein the camera
is contigured o be disposed onboard the first vehicle and the controller is configured to be
disposed onboard the second vehicle in order to remotely monttor for the stinwlus event in

the first vehicle.

7. The system of claim 1, whercin the controller is configured to determine at
feast one of a time or date at which the stimulus event occurs based on the data rate at wiich

the image data is provided from the camera, and the controller is configured to compare the at
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least one of the time or date to an authorized time or an aothorized date, respectively, to

determine if the stimulus event is authorized.

8. The system of claim 1, wherein the controlier s configured to compare one or
more images formed from the image data to one or more authorized images ropresentative of
persons having authorization 1o be in the first vehicle system, and the controller 1s configured
to generate an alarm signal responsive to the one or more bmnages differing from the one or

more authorized images.

9. The system of claim 1, wherein, when the camera s in an inactive state, the
camera is configured to save only the image data obtained during a moving time window that
extends backward from a current Hime to a previous time by a designated, non-zero time
period and, when the camera is in an active state, the controller is configured to save the
image data obtained during the moving time window and the image data obtained outside of

the moving time window.

10, The system of claim &, further comprising at least one of a foree sensor or an
audio sensor, the force sensor configured to detect a change n acceleration of the first vehicle
system, the audio sensor configured to detect a sound in the first vehicle system, wherein the
controller is configured 1o switch the camera from the inactive state to the active state
responsive to at least one of the force sensor detecting the change o acceleration or the audio

sensor detecting the sound.

11 The system of claim 1, wherein the controller is configured to automatically
communicate an assistance request signal to one or more second vehicle systems responsive
to the camera switching from an inactive state to an active state, the assistance request signal
requesting the one or more second vehicle systems to acquire additional image data at s
location of the first vehicle system when the camera switched from the inactive state to the

active state,

12, The system of claim 1, wherein the camera is configured to compress the
image data into compressed image data, and to output the compressed image data at the data

rate, the data rate comprising a bit rate; and

the controller is configured to monitor the bit rate at which the compressed image data

18 output and to identify the stimulus event responsive to the bit rate changing by at least a

.
o
o
o
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designated threshold, the controller also configured to gencrate one or more alarm signals

responsive to the bit rate changing by at least the designated threshold.
13. A method comprising:

obtaining image data of a field of view of a camera, the field of view inchuding at least

a portion of a first vehicle system;

monitoring, with one or more computer processors, a data rate at which the image

data is provided from the camera; and

identifying, with the one or more compuier processors, a stimulus event within the
ficld of view of the camera based on a change in the data rate at which the image data is

generated by the camera.

14, The method of claim 13, wherein the data rate that is momitored is a bit rate at

which the image data is compressed by the camers,

15. The method of claim 13, wherein the stionslus cvent in the ficld of view of the
camera is identified when a compression of the image data decreases by wmore than a

designated, non-zero threshold decrease.

16, The method of claim 13, forther comprising determining at least one of a time
or date at which the stimulus ¢vent occurs based on the data rate at which the image data is
provided from the camera, and comparing the at least one of the time or date to an authorized

time or an authorized date, respectively, to determine if the stimulus event is authorized.

17, The method of claim 13, further comprising comparing one or more images
formed from the image data to one or more authorized fmages representative of persons
having authorization to be i the first vehicle system, and gencrating an alarm signal

respensive to the one or more images differing from the one or more authorized images.

18. The method of claim 13, further comprising detecting at least one of a change
in acceleration of the first vehicle system or a sound in the first vehicle system, and switching
the camera from an inactive state to an active state responsive to detecting the at least one of

the change in acceleration or the sound.

(3]
s
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19, The method of claim 13, further comprising automatically commumnicating an
assistance request signal to one or more second vebicle systems responsive to the camera
switching from an inactive state 0 an active state, the assistance request signal requesting the
one or more second vehicle systems to acquire additional image data at or near a location of

the first vehicle system when the camera switched from the inactive state to the active state.
20. A system comprising:

a camera configured to be disposed onboard a first velicle of a vehicle system that
mclades the first vehicle and at least a second vehicle mechanically coupled with each other,
the camera configured to obtain image data, compress the image data into compressed image

data, and output the compressed tmage data at 2 bit vate; and

a controller configured to raoniter the bit rate at which the compressed image data is
output and to identify a stimulus event occurring at the first vehicle vesponsive to the bit rate
changing by at least a designated threshold, the controlier also configured to generate one or

more alarm signals responsive to the bit rate changing by at least the designated threshold.

21, The system of claim 20, wherein the contrgller is configured to be disposed

onboard the second vehicle (o remotely monifor the first vehicle via the camera.

22, The system of claim 20, wherein the controller is configured to identify
movement in the first vehicie based on the bit rate decreasing by at least the designated

threshold.

(5]
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