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AREA MONITORING USING 
PROTOTYPICAL TRACKS 

TECHNICAL FIELD 

The disclosure relates generally to video-based monitor 
ing, and more particularly, to incorporating context informa 
tion for a region While performing video-based monitoring. 

BACKGROUND ART 

In a surveillance system, a camera Will image a particular 
region. Each region has a particular context. By understand 
ing the context, an operator can understand the activities that 
are occurring there and determine Whether an activity is 
important or not. As a result, a human monitoring video of a 
region can effectively classify events as being of signi?cance 
or not. HoWever, such manual monitoring can be extremely 
tedious, With long stretches of insigni?cant and/or no activity. 
As a result, an individual Will tend to become inattentive, 
thereby reducing his/her effectiveness at manually monitor 
ing region(s). 

Current automated/semi-automated surveillance solutions 
attempt to automatically detect and report signi?cant events. 
In general, a signi?cant event is detected based on motion of 
an object Within the region. Common image-based triggers 
for the event include motion Within a restricted area, occur 
rence of an event at a particular time, motion that is too 
fast/sloW, and/ or the like. Further, an image-based trigger 
may be based on one or more attributes of the object, such as, 
for example, the presence of an unauthorized individual. 
However, to date, these surveillance solutions are susceptible 
to false alarms. 

SUMMARY OF THE INVENTION 

Aspects of the invention provide a solution for monitoring 
an area that includes using a region schema for the area. The 
region schema can include a set of prototypical tracks, each of 
Which includes a start location, an end location, and a traj ec 
tory. The trajectory comprises an expected path an object Will 
travel betWeen the start location and the end location and can 
include variation information that de?nes an amount that an 
object can vary from the trajectory. The region schema can be 
generated by obtaining training object tracking data for the 
area for an initialiZation time period and evaluating the object 
tracking data to identify the set of prototypical tracks. While 
monitoring the area, monitored object tracking data is 
obtained for a monitored object in the area, and abnormal 
behavior of the monitored object is identi?ed When the moni 
tored object tracking data for the monitored object does not 
folloW at least one of the set of prototypical tracks in the 
region schema. By using the region schema, a number of 
errors made by an automated/semi-automated surveillance 
system can be reduced. 
A ?rst aspect of the invention provides a method of moni 

toring an area, the method comprising: generating a region 
schema for the area, the generating including: obtaining train 
ing object tracking data for the area for an initialization time 
period; evaluating the object tracking data to identify a set of 
prototypical tracks, each prototypical track including a start 
location, an end location, and a trajectory, the trajectory com 
prising an expectedpath an object Will travel betWeen the start 
location and the end location; and storing the set of prototypi 
cal tracks in the region schema; obtaining monitored object 
tracking data for a monitored object in the area after the 
initialiZation time period; and identifying abnormal behavior 
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2 
of the monitored object When the monitored object tracking 
data for the monitored object does not folloW at least one of 
the set of prototypical tracks in the region schema. 
A second aspect of the invention provides a system for 

monitoring an area, the system comprising: a component 
con?gured to obtain a region schema for the area, the region 
schema including a set of prototypical tracks, each prototypi 
cal track including a start location, an end location, and a 
trajectory, the trajectory comprising an expected path an 
object Will travel betWeen the start location and the end loca 
tion; a component con?gured to obtain monitored object 
tracking data for a monitored object in the area; and a com 
ponent con?gured to identify abnormal behavior of the moni 
tored object When the monitored object tracking data for the 
monitored object does not folloW at least one of the set of 
prototypical tracks in the region schema. 
A third aspect of the invention provides a computer pro 

gram comprising program code embodied in at least one 
computer-readable medium, Which When executed, enables a 
computer system to implement a method, the method com 
prising: generating a region schema for an area, the generat 
ing including: obtaining training object tracking data for the 
area for an initialiZation time period; evaluating the object 
tracking data to identify a set of prototypical tracks, each 
prototypical track including a start location, an end location, 
and a trajectory, the trajectory comprising an expected path an 
object Will travel betWeen the start location and the end loca 
tion; and storing the set of prototypical tracks in the region 
schema; and storing the region schema on a computer-read 
able medium. 
A fourth aspect of the invention provides a method of 

generating a system for monitoring an area, the method com 
prising providing a computer system operable to: generate a 
region schema for the area, the generating including: obtain 
ing training object tracking data for the area for an initialiZa 
tion time period; evaluating the object tracking data to iden 
tify a set of prototypical tracks, each prototypical track 
including a start location, an end location, and a trajectory, the 
trajectory comprising an expected path an object Will travel 
betWeen the start location and the end location; and storing 
the set of prototypical tracks in the region schema; obtain 
monitored object tracking data for a monitored object in the 
area after the initialiZation time period; and identify abnormal 
behavior of the monitored object When the monitored object 
tracking data for the monitored object does not folloW at least 
one of the set of prototypical tracks in the region schema. 
A ?fth aspect of the invention provides a method compris 

ing: at least one of providing or receiving a copy of a com 
puter program that is embodied in a set of data signals, 
Wherein the computer program enables a computer system to 
implement a method of monitoring an area, the method com 
prising: generating a region schema for the area, the generat 
ing including: obtaining training object tracking data for the 
area for an initialiZation time period; evaluating the object 
tracking data to identify a set of prototypical tracks, each 
prototypical track including a start location, an end location, 
and a trajectory, the trajectory comprising an expected path an 
object Will travel betWeen the start location and the end loca 
tion; and storing the set of prototypical tracks in the region 
schema; obtaining monitored object tracking data for a moni 
tored object in the area after the initialiZation time period; and 
identifying abnormal behavior of the monitored object When 
the monitored object tracking data for the monitored object 
does not folloW at least one of the set of prototypical tracks in 
the region schema. 

Other aspects of the invention provide methods, systems, 
program products, and methods of using and generating each, 
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Which include and/or implement some or all of the actions 
described herein. The illustrative aspects of the invention are 
designed to solve one or more of the problems herein 
described and/or one or more other problems not discussed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the disclosure Will be more 
readily understood from the following detailed description of 
the various aspects of the invention taken in conjunction With 
the accompanying draWings that depict various aspects of the 
invention. 

FIG. 1 shoWs an illustrative environment for monitoring an 
area according to an embodiment. 

FIG. 2 shoWs an illustrative process for monitoring an area 
using a region schema according to an embodiment. 

FIG. 3 shoWs an illustrative process for generating a region 
schema according to an embodiment. 

FIG. 4 shoWs an illustrative application for monitoring an 
area using the computer system of FIG. 1 according to an 
embodiment. 

FIGS. SA-B shoW illustrative images of the monitored area 
of FIG. 4 With training object tracking data displayed thereon 
according to an embodiment. 

FIGS. 6A-C shoW illustrative data that can be extracted 
from the training object tracking data shoWn in FIGS. SA-B 
according to an embodiment. 

FIG. 7 shoWs an illustrative image of the monitored area of 
FIG. 4 With monitored object tracking data displayed thereon 
according to an embodiment. 

FIG. 8 shoWs an illustrative image of the monitored area of 
FIG. 4 With monitored object tracking data that has been 
evaluated as abnormal behavior displayed thereon according 
to an embodiment. 

FIGS. 9A-B shoW illustrative images of the monitored area 
of FIG. 4 With monitored object tracking data and the corre 
sponding prototypical tracks that Were used to evaluate the 
monitored object tracking data displayed thereon according 
to an embodiment. 

FIG. 10 shoWs an illustrative image of a portion of an 
airport With training object tracking data displayed thereon 
according to an embodiment. 

FIG. 11 shoWs an illustrative image of the portion of the 
airport shoWn in FIG. 10 With prototypical tracks displayed 
thereon according to an embodiment. 

It is noted that the draWings are not to scale. The draWings 
are intended to depict only typical aspects of the invention, 
and therefore should not be considered as limiting the scope 
of the invention. In the draWings, like numbering represents 
like elements betWeen the draWings. 

DETAILED DESCRIPTION OF THE INVENTION 

As indicated above, aspects of the invention provide a 
solution for monitoring an area that includes using a region 
schema for the area. The region schema can include a set of 
prototypical tracks, each of Which includes a start location, an 
end location, and a trajectory. The trajectory comprises an 
expected path an object Will travel betWeen the start location 
and the end location and can include variation information 
that de?nes an amount that an object can vary from the tra 
jectory. The region schema can be generated by obtaining 
training object tracking data for the area for an initialiZation 
time period and evaluating the object tracking data to identify 
the set of prototypical tracks. While monitoring the area, 
monitored object tracking data is obtained for a monitored 
object in the area, and abnormal behavior of the monitored 
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4 
object is identi?ed When the monitored object tracking data 
for the monitored object does not folloW at least one of the set 
of prototypical tracks in the region schema. As used herein, 
unless otherWise noted, the term “set” means one or more 
(i.e., at least one) and the phrase “any solution” means any 
noW knoWn or later developed solution. 

Turning to the draWings, FIG. 1 shoWs an illustrative envi 
ronment 10 for monitoring an area according to an embodi 
ment. To this extent, environment 10 includes a computer 
system 20 that can perform the process described herein in 
order to monitor the area. In particular, computer system 20 is 
shoWn including a monitoring program 30, Which makes 
computer system 20 operable to monitor the area by perform 
ing the process described herein. It is understood that the 
monitored area can comprise a single continuous physical 
location or multiple physical locations, at least some of Which 
may be physically disjointed from the other physical loca 
tions. 

Computer system 20 is shoWn including a processing com 
ponent 22 (e.g., one or more processors), a storage compo 
nent 24 (e.g., a storage hierarchy), an input/ output (I/ O) com 
ponent 26 (e.g., one or more I/O interfaces and/or devices), 
and a communications pathWay 28. In general, processing 
component 22 executes program code, such as monitoring 
program 30, Which is at least partially embodied in storage 
component 24. While executing program code, processing 
component 22 can process data, Which can result in reading 
and/or Writing the data to/ from storage component 24 and/or 
I/O component 26 for further processing. PathWay 28 pro 
vides a communications link betWeen each of the components 
in computer system 20. I/ O component 26 can comprise one 
or more human I/ O devices, Which enable a human user 12 to 
interact With computer system 20 and/or one or more com 
munications devices to enable a system user 12 to communi 
cate With computer system 20 using any type of communica 
tions link. To this extent, monitoring program 30 can manage 
a set of interfaces (e.g., graphical user interface(s), applica 
tion program interface, and/or the like) that enable human 
and/or system users 12 to interact With monitoring program 
30. Further, monitoring program 30 can manage (e.g., store, 
retrieve, create, manipulate, organiZe, present, etc.) the data, 
such as region schema 40, training object tracking data 42, 
and monitored object tracking data 44, using any solution. 

In any event, computer system 20 can comprise one or 
more general purpose computing articles of manufacture 
(e.g., computing devices) capable of executing program code 
installed thereon. As used herein, it is understood that “pro 
gram code” means any collection of instructions, in any lan 
guage, code or notation, that cause a computing device having 
an information processing capability to perform a particular 
function either directly or after any combination of the fol 
loWing: (a) conversion to another language, code or notation; 
(b) reproduction in a different material form; and/or (c) 
decompression. To this extent, monitoring program 30 can be 
embodied as any combination of system softWare and/or 
application softWare. 

Further, monitoring program 30 can be implemented using 
a set of modules 32. In this case, a module 32 can enable 
computer system 20 to perform a set of tasks used by moni 
toring program 30, and can be separately developed and/or 
implemented apart from other portions of monitoring pro 
gram 30. As used herein, the term “component” means any 
con?guration of hardWare, With or Without softWare, Which 
implements and/or enables a computer system 20 to imple 
ment the functionality described in conjunction thereWith 
using any solution, While the term “module” means program 
code that enables a computer system 20 to implement the 
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functionality described in conjunction therewith using any 
solution. When embodied in a tangible medium of expres 
sion, a module is a component. Regardless, it is understood 
that tWo or more components, modules, and/ or systems may 
share some/all of their respective hardWare and/or softWare. 
Further, it is understood that some of the functionality dis 
cussed herein may not be implemented or additional func 
tionality may be included as part of computer system 20. 
When computer system 20 comprises multiple computing 

devices, each computing device can have only a portion of 
monitoring program 30 embodied thereon (e. g., one or more 
modules 32). HoWever, it is understood that computer system 
20 and monitoring program 30 are only representative of 
various possible equivalent computer systems that may per 
form a process described herein. To this extent, in other 
embodiments, the functionality described herein as being 
implemented by computer system 20 and monitoring pro 
gram 30 can be at least partially implemented by one or more 
computing devices that include any combination of general 
and/or speci?c purpose hardWare With or Without program 
code. In each embodiment, the hardWare and program code, if 
included, can be created using standard engineering and pro 
gramming techniques, respectively. 

Regardless, When computer system 20 includes multiple 
computing devices, the computing devices can communicate 
over any type of communications link. Further, While per 
forming a process described herein, computer system 20 can 
communicate With one or more other computer systems using 
any type of communications link. In either case, the commu 
nications link can comprise any combination of various types 
of Wired and/ or Wireless links; comprise any combination of 
one or more types of networks; and/or utilize any combina 
tion of various types of transmission techniques and proto 
cols. 
As discussed herein, monitoring program 30 enables com 

puter system 20 to monitor an area. To this extent, computer 
system 20 obtains video from a set of cameras 14 using any 
solution. It is understood that the term “video” includes any 
series of images captured (e.g., periodically) by a single cam 
era 14. To this extent, the camera can capture multiple images 
every second, an image every feW seconds, and/or the like. 
Computer system 20 can render the images from one or more 
of the cameras 14 on a monitor for vieWing by user 12. 
Further, user 12 can selectively move one or more of the 
cameras 14 using computer system 20 and/or an interface 
device for the camera(s) 14. 

Each camera 14 acquires images for a particular region. 
When multiple cameras 14 are included, the cameras 14 Will 
typically acquire data for multiple, distinct regions. Further, 
When a camera 14 is movable (e.g., pan, tilt, Zoom), the region 
that is imaged by the camera 14 may change. It is understood 
that a region imaged by a camera 14 may be physically 
disjointed from the other regions, may be included Within 
another region, and/or may partially overlap another region 
imaged by other camera(s) 14 in environment 10. 

Computer system 20 monitors the area by analyZing the 
video received from camera(s) 14 using region schema 40. 
Region schema 40 includes various data that computer sys 
tem 20 can utiliZe to reduce false alarms and/or generate more 
meaningful alarms, Which can occur during the analysis. The 
data can include data on the region being imaged (e. g., back 
ground of image) as Well as data on the moving objects that 
are found Within the region being imaged. Based on an analy 
sis of the background image data and/ or moving object image 
data, computer system 20 can store semantic labels and/or 
descriptors of the region Within region schema 40. For 
example, region schema 40 can include a semantic label for 
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6 
any entry/exit points for moving objects (e.g., due to a door, 
occluding comer of a building, road/path meeting the edge of 
the imaged area, etc.). Similarly, based on the attributes of 
moving objects traveling along a particular area, region 
schema 40 can include data on a path, Which could be labeled 
as a road, a pedestrian WalkWay, etc. Further, region schema 
40 can include semantic labels that correspond to ?xed 
objects/areas, such as a parking spot, a building, a tree, etc. 

FIG. 2 shoWs an illustrative process for monitoring an area 
using region schema 40, Which can be implemented by com 
puter system 20, according to an embodiment. In process 110, 
computer system 20 receives image data from camera(s) 14 
using any solution. In process 111, computer system 20 iden 
ti?es Zero or more foreground blobs in the image data using 
any solution, e.g., background subtraction and/or connected 
component analysis. In process 112, computer system 20 
updates tracking data for each moving object, if any, currently 
being imaged by camera(s) 14 using any solution. For 
example, computer system 20 can match a set of blobs in a 
current frame With information on a tracked object from a 
previous frame, and update the information for the tracked 
object based on the blob(s). In process 113, computer system 
20 determines one or more attributes of the track(s) using any 
solution. Computer system 20 can determine various 
attributes for a track, including, for example, start time, entry 
point, speed, direction, object color, object siZe, and/or the 
like. 

In each analysis performed by computer system 20, com 
puter system 20 may generate one or more alarms due to one 
or more detected abnormalities. Computer system 20 can use 
region schema 40 to reduce false alarms, generate more accu 
rate alarms, and/ or improve overall functionality at each stage 
of the analysis. For example, in process 11 1, computer system 
20 may generate a blob-based alarm 46, e. g., due to an unex 
pectedly large/ small blob, blob in an unexpected location, etc. 
Computer system 20 can use region schema 40 to address 
common sources of false blob-based alarms 46 and/or 
improve moving object detection, such as perform shadoW 
removal (e.g., using static object information together With 
time of day and vieWing direction information), blob removal 
due to movement of a static object, such as branches on a tree, 
ripples/re?ection on a body of Water, utiliZe statistics regard 
ing Where objects appear in a scene to ignore one or more 
blobs, and/or the like. 

Similarly, in process 112, computer system 20 may gener 
ate a track-based alarm 48, e. g., due to an unexpected termi 
nation, location, direction, etc., of a track, While in process 
113, computer system 20 can generate one or more classi? 
cation-based alarms 49, e. g., due to one or more attributes of 
a track falling outside an expected classi?cation. Computer 
system 20 can reference empirical data about the location and 
the corresponding moving objects stored in region schema 40 
to improve the tracking and/or classi?cation, and the corre 
sponding accuracy of track-based and/ or classi?cation-based 
alarm(s) 48. For example, computer system 20 can use sta 
tistics regarding expected entry/exit locations for objects, 
expected object siZe and/ or speed for certain tracks, expected 
paths for objects betWeen entry/exit locations and typical 
attributes of the paths, tra?ic pattern statistics, and/or the like, 
Which can be stored in region schema 40. To this extent, 
computer system 20 can learn that cars travel only along a set 
of paths, Which can be stored in region schema 40. Subse 
quently, computer system 20 can use this knoWledge to 
improve object classi?cation. 

In process 114, computer system 20 can update region 
schema 40 based on the results of processing neW image data 
for the location. For example, region schema 40 can be 
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updated to accommodate seasonal changes, time of day 
changes, and/or the like, Which may occur relatively sloWly 
over a period of time. Similarly, a user 12 can provide feed 
back on any alarms that computer system 20 generates. The 
feedback can indicate When an alarm Was a false-positive, and 
computer system 20 can update region schema 40 With infor 
mation on the false-positive alarm to improve later alarm 
generation (e.g., suppress similar false-positive alarms). 

In any event, When a camera 14 is ?rst deployed to a 
location, computer system 20 can generate region schema 40 
for the area being monitored based on image data acquired by 
camera 14. Region schema 40 can comprise various informa 
tion regarding the area. For example, region schema 40 can 
comprise data on events that normally occur in the monitored 
area. As used herein, an “event” can comprise any change in 
the area being monitored. Illustrative events include, for 
example, obj ect(s) moving Within the area, lighting changes, 
shadoW movement, and/ or the like. 

In order to generate region schema 40, computer system 20 
can process image data received from camera 14 during an 
initialiZation time period and automatically extract some or 
all of the information in region schema 40 from the image 
data. The initialiZation time period can comprise any amount 
of time, Which can vary based on an implementation of com 
puter system 20. For example, When used to monitor a park 
ing area of an of?ce building, the initialiZation time period 
can comprise one Week since each day of a Week may have 
slightly different normal events. HoWever, When imple 
mented to monitor airplane activity at a busy airport, the 
initialiZation time period may be only a feW hours since the 
activity may be repetitive and continuous. Further, it is under 
stood that the initialization time period can be con?gured 
based on the types and/ or frequencies of normal and/or 
anomalous events that are anticipated for the area. 

In any event, FIG. 3 shoWs an illustrative process for gen 
erating region schema 40, Which can be implemented by 
computer system 20, according to an embodiment. Referring 
to FIGS. 1 and 3, in process 101, computer system 20 can 
determine Whether the initialiZation period is complete. If 
not, then in process 102, computer system 20 can obtain 
image data (e. g., video) from camera(s) 14 using any solution. 
In process 103, computer system 20 can identify any moving 
objects that may be present Within the imaged area using any 
solution. For example, computer system 20 can perform 
background subtraction to obtain a set of blobs and perform 
connected component analysis on the blobs to identify the 
locations of moving objects Within the imaged area. 

Over a series of images, the location of a moving object 
Will change Within the area. To this extent, in process 104, 
computer system 20 can generate training object tracking 
data 42 for each moving object based on the blob(s) using any 
solution. Once complete for a moving object, the training 
object tracking data 42 can include, for example, a timestamp 
for When the moving object appears Within the area, a times 
tamp for When the moving object leaves the area, a start point 
in Which the moving object appears, an end point in Which the 
moving object leaves, a siZe of the moving object, a color of 
the moving object, and/or the like. Further, training object 
tracking data 42 can include a training object track, Which 
comprises a track of the movement of the object Within the 
area betWeen the start and end points. 

Regardless, during the initialiZation time period, computer 
system 20 can generate and store training object tracking data 
42 for moving objects as they enter and leave the area. Once 
in process 101, computer system 20 determines that the ini 
tialiZation time period is complete, training object tracking 
data 42 Will include object tracking data for multiple moving 
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8 
objects Within the area. Computer system 20 can use training 
object tracking data 42 to generate region schema 40. 

In an embodiment, region schema 40 includes a set of 
prototypical tracks for the monitored area. Each prototypical 
track can include a start location, an end location, and a 
trajectory that comprises an expected path that an object Will 
travel betWeen the start and end locations. Frequently, the 
start and end locations Will include locations that are adjacent 
to the edge of the area being imaged by camera 14 and be in 
locations that are frequently traveled by moving objects (e. g., 
a path, a road, and/ or the like). Further, other illustrative types 
of start and end locations that may be present Within the center 
portion of the imaged area comprise: an entrance to a build 
ing; an edge of a building or other structure, Which may block 
an appearance of an object Within a portion of the imaged 
area; a location Within the area at Which individuals fre 
quently exit/ enter vehicles (e. g., a bus stop); and/ or the like. 

Rather than require a user to manually identify all of the 
regions and trajectories, computer system 20 can evaluate 
training object tracking data 42 to identify one or more of the 
prototypical tracks. For example, in process 105, computer 
system 20 can identify a start point and an end point for each 
training object track in training object tracking data 42 using 
any solution. In an embodiment, the start and end point are 
stored in training object tracking data 42. Alternatively, com 
puter system 20 can analyZe an object track and determine the 
start and end points (Which may or may not be distinguish 
able). 

In process 106, computer system 20 can cluster the start 
and end points to identify a set of terminal regions in the 
monitored area. Depending on an implementation, each ter 
minal region may act as both a start and an end location, or 
may exclusively act as a start or an end location. In an embodi 

ment, computer system 20 can cluster all of the start and end 
points to identify each terminal region. Subsequently, When it 
is desirable to distinguish betWeen a start terminal region and 
an end terminal region, computer system 20 can evaluate all 
the points Within the identi?ed terminal region(s) to deter 
mine Whether it is a start location, an end location, or both. 
Alternatively, computer system 20 can separately cluster the 
start and end locations to separately identify start and end 
terminal regions. Subsequently, computer system 20 can 
separately store and utiliZe the start and end terminal regions, 
or evaluate the start and end terminal regions for overlap, and 
merge start and end terminal regions that include suf?cient 
overlap into a single start/ end terminal region. When tWo 
terminal regions only partially overlap, computer system 20 
can merge the separate start terminal region and end terminal 
region into tWo or three regions: a start/end terminal region, 
Which includes the overlapping portion of both regions and 
one or both of a start and end terminal region, each of Which 
comprises a region that Was exclusively the corresponding 
type of terminal region. 

In process 107, computer system 20 can assign each train 
ing object track to one of a plurality of classes based on the 
start and end points. In general, computer system 20 can 
manage a set of classes, each of Which includes all training 
object tracks having start and end points in the same terminal 
regions. In an embodiment, computer system 20 assigns 
training object tracks that have a start point in terminal region 
A and an end point in terminal region B to a different class 
than training object tracks that have a start point in terminal 
region B and an end point in terminal region A. Alternatively, 
these training object tracks can be assigned to the same class 
since each training object track has one start/ end point in each 
terminal region A and B. Further, computer system 20 can 
manage an anomaly class, and assign all training object tracks 
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that do not have a start and/or an end point in any of the 
terminal regions to this class. The training object tracks in the 
anomaly class can be discarded, or computer system 20 can 
provide them to a user 12 for further (e. g., manual) evaluation. 

In process 108, computer system 20 can cluster the training 
object track(s) in each of the plurality of classes, other than 
the anomaly class, to generate a prototypical track for the 
corresponding class, Which computer system 20 can store in 
region schema 40. In an embodiment, the prototypical track 
includes a start location, an end location, and a trajectory that 
comprises a path that an object is expected to travel betWeen 
the start location and the end location. For example, computer 
system 20 can calculate an average start location, end loca 
tion, and trajectory based on a combination of all of the 
training object tracks assigned to a particular class. It is under 
stood that When the start and end locations are not required to 
be distinguished, all of the start and all of the end locations 
can correspond to one of the tWo terminal regions, regardless 
of Where a particular object track actually began and ended. 

Further, computer system 20 can determine variation infor 
mation for the start location, end location, and/or trajectory, 
Which can be stored as part of the prototypical track. For 
example, computer system 20 can calculate a series of stan 
dard deviations from the average start location, end location, 
and trajectory of the prototypical track. The series of standard 
deviations can be calculated for both the start and end loca 
tions, and for one or more locations that are periodically 
located along the trajectory. The series of standard deviations 
can de?ne a corresponding series of crossbars, each of Which 
intersects the trajectory in the location corresponding to one 
of the standard deviations. Alternatively, computer system 20 
can de?ne a two-dimensional region that corresponds to the 
prototypical track based on the trajectory and the series of 
standard deviations. In any event, computer system 20 can 
determine that an object that starts and ends Within the stan 
dard deviation of a prototypical path and moves along the 
trajectory Within the standard deviations (e. g., passes through 
each crossbar, the tWo-dimensional region, and/or the like) 
folloWed the prototypical path, Which computer system 20 
can classify as a normal event. 

Additionally, the variation information can include an indi 
cation of a set of typical modes of variation from the trajectory 
of the prototypical track. To this extent, computer system 20 
can determine the set of typical modes of variation based on 
principal components of the cluster of training object tracks 
for the class, Which computer system 20 can store in region 
schema 40 using any solution. The typical modes of variation 
can comprise changes in velocity, changes in siZe, changes in 
the direction of movement, and/ or the like. In any event, 
computer system 20 can use the set of typical modes of 
variation to further analyZe an object track to determine 
Whether it is a normal event or an abnormal event. When 
computer system 20 determines that a trajectory includes 
variation outside of the typical modes, computer system 20 
can identify the trajectory as an abnormal event (e.g., too 
great a change in siZe or velocity, too many changes in direc 
tion, and/or the like). 

Computer system 20 also can store time information for the 
prototypical track. For example, computer system 20 can 
calculate an average amount of time and standard deviation 
for objects to travel along the trajectory for the prototypical 
track. In this case, in addition to remaining physically close to 
the trajectory, an object Will also need to travel at a speed that 
is suf?ciently close to the average speed for the prototypical 
track (e.g., not too fast and not too sloW). 

In process 109, computer system 20 can extract additional 
data from training object tracking data 42, Which computer 
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10 
system 20 can store as part of region schema 40. For example, 
computer system 20 can extract the times that various events 
and/or subsets of events (e. g., object tracks assigned to a 
class) occur. Further, computer system 20 can store the num 
ber of these events that occurred Within a particular group of 
time periods as part of region schema 40. Further, computer 
system 20 can acquire other information from one or more 
additional sources, Which can be stored in region schema 40. 
For example, computer system 20 can store calibration infor 
mation, such as time of day, longitude/latitude, global posi 
tioning system data, and/or the like. Additionally, computer 
system 20 can extract higher level data from training object 
tracking data 42, such as statistics regarding the likelihood of 
a pixel belonging to a foreground object, statistics regarding 
entry/exit locations, normative trajectories and their 
attributes (e.g., speed, siZe, class/type of object, color, etc.), 
and/or the like. 
Once computer system 20 has obtained region schema 40 

for the area to be monitored, computer system 20 can begin 
monitoring the area using the region schema 40. In particular, 
computer system 20 can obtain monitored object tracking 
data 44 for a monitored object in the area using any solution. 
For example, computer system 20 can receive image data 
from camera 14 and generate the monitored object tracking 
data 44 in substantially the same manner as discussed herein 
With respect to the training object tracking data 42. 

Computer system 20 can use the region schema 40 and 
monitored object tracking data 44 to identify abnormal 
behavior of a monitored object. For example, When a moni 
tored object does not folloW any of the prototypical tracks, 
computer system 20 can identify the object track for the 
monitored object as abnormal behavior. To this extent, com 
puter system 20 can compare the monitored object tracking 
data 44 for the monitored object to the set of prototypical 
tracks in the region schema 40. When the monitored object 
tracking data 44 does not match at least one of the set of 
prototypical tracks, computer system 20 can identify the 
monitored object tracking data 44 as abnormal behavior. 
As discussed herein, each prototypical track can include 

variation information for the start location, end location, and/ 
or trajectory. In this case, the monitored object tracking data 
44 only needs to remain Within an area of the prototypical 
track that is de?ned by the variation information. When the 
monitored object tracking data 44 varies too far from each 
prototypical track, computer system 20 can identify the moni 
tored object tracking data 44 as abnormal behavior. For 
example the variation information can comprise a set of 
crossbars periodically located along the trajectory of a pro 
totypical track, and the monitored object trajectory must pass 
through each of the set of crossbars for computer system 20 to 
evaluate the trajectory as being normal. Conversely, When the 
monitored object tracking data 44 does not pass through each 
crossbar for any of the prototypical tracks, computer system 
20 can identify the monitored object tracking data 44 as 
abnormal behavior. Similarly, When the variation information 
de?nes a set of typical modes of variation from a trajectory of 
a prototypical track, the monitored object must vary from the 
trajectory in one of the set of typical modes of variation in 
order for computer system 20 to identify the monitored object 
tracking data 44 as folloWing the prototypical track. 

In addition to considering the start location, end location, 
and/or trajectory of a monitored object, computer system 20 
can consider additional attributes of the behavior of the moni 
tored object to identify abnormal behavior. For example, the 
direction of the motion can indicate abnormal behavior (e. g., 
traveling Wrong Way doWn a one Way street), an amount of 
time that the object remains in the monitored area can indicate 
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abnormal behavior (e.g., traveling too fast/sloW), a time of 
day and/or day of the Week that an object appears can indicate 
abnormal behavior, a siZe or one or more other attributes of 
the moving object can indicate abnormal behavior (e. g., large 
object moving in unusual location), and/or the like. 

Regardless, When computer system 20 identi?es abnormal 
behavior of a monitored object, computer system 20 can 
generate an alert for presentation to a user 12 in response to 
the abnormal behavior. The alert can comprise any type of 
alert, including a message, a graphical alert, an audio alert, 
and/or the like. Further, computer system 20 can store the 
monitored object tracking data 44 for each monitored object 
for later reference by user 12 and/ or evaluation of computer 
system 20. In an embodiment, computer system 20 can sepa 
rately store monitored object tracking data 44 being ?agged 
as abnormal for future reference by user 12 and/or archival. 

Aspects of the invention are further described With refer 
ence to an illustrative application. FIG. 4 shoWs an illustrative 
application for monitoring an area using computer system 20 
(FIG. 1) according to an embodiment. In this embodiment, a 
single camera 14 is mounted on the roof of a building and 
acquires image data for an area that is directly in front of the 
main entrance to the building. The imaged area primarily 
includes a pedestrian crossing and a road, and also includes 
some parking spots in Which vehicles may be parked. At a 
bottom of the imaged area, there is a sideWalk, Which has a set 
of stairs on each side to access/depart from the main entrance. 
To this extent, people Will typically enter into or exit from the 
imaged area in locations corresponding to the stairs. TWo 
illustrative pedestrian paths are shoWn. 

FIGS. SA-B shoW illustrative images 50A-B, respectively, 
of the monitored area of FIG. 4 With training object tracking 
data 42A-B (e.g., object trajectories) respectively displayed 
thereon according to an embodiment. In FIGS. 5A-B, a start 
point of each object trajectory is indicated by a light portion of 
the trajectory, and an end point of each object trajectory is 
indicated by a dark portion ofthe trajectory. Computer system 
20 generates the training object tracking data 42A-B for an 
initialiZation period. In this case, computer system 20 
recorded the trajectories over a period of tWenty-four hours. 
FIG. 5A shoWs all object trajectories that Were generated 
during the initialiZation time period, While FIG. 5B only 
shoWs object trajectories that Were generated for objects hav 
ing a minimum siZe during for the initialiZation time period. 
As illustrated in FIG. 5A, most object trajectories are likely 
attributed to vehicles traveling along the road and individuals 
Walking along the pedestrian crossing and sideWalk betWeen 
their parked vehicles and the building. As Would be expected 
based on the geography of the area, individuals primarily 
Walked to/from the loWer right or loWer left side of the side 
Walk. As shoWn in FIG. 5B, most tracked objects of the 
minimum siZe Were likely vehicles traveling along the road 
and vehicles entering/exiting parking spots that are visible 
Within the ?eld of vieW. A feW of the larger objects have tracks 
located on the sideWalk, Which could be attributable to a 
group of people being tracked as a single object, an individual 
transporting a larger object (e.g., a backpack, package(s)), or 
the like. 

Computer system 20 processes training object tracking 
data 42 to generate region schema 40. To this extent, FIGS. 
6A-C shoW illustrative data that computer system 20 can 
extract from the training object tracking data 42A-B shoWn in 
FIGS. SA-B and store in region schema 40 according to an 
embodiment. In FIG. 6A, a set of terminal regions 52A-G and 
a set of prototypical tracks 54A-G are shoWn. As described 
herein, computer system 20 can cluster the start and end 
points of the training object track in training object tracking 
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data 42A-B to identify each terminal region 52A-G. Subse 
quently, computer system 20 can assign each training object 
track to a class based on its start and end points, and cluster the 
training object tracks in each class (except for an abnormal 
class) to generate the prototypical tracks 54A-G. As illus 
trated, each prototypical track 54A-G includes variation 
information, Which comprises a set of crossbars periodically 
located along the trajectory of each prototypical track 54A-G, 
each of Which represents a normal range of variation that an 
object may deviate from the trajectory of the corresponding 
prototypical track 54A-G. Terminal region 52F likely corre 
sponds to a region in Which individuals frequently are 
dropped off/exit parked cars Within the ?eld of vieW. 

In addition to the object trajectories shoWn in FIGS. 5A-B, 
training object tracking data 42 can include additional infor 
mation, such as a siZe of an object, a speed of an object, a time 
that the track started, a time that the track ended, etc. Com 
puter system 20 can generate various reports using various 
formats for presentation of the information to a user 12. To 
this extent, FIG. 6B shoWs an illustrative histogram 56 of the 
number of events (e.g., arriving and departing individuals) 
that occurred Within the monitored area during various time 
periods according to an embodiment. As illustrated, the 
events have three peaks 60A-C, at approximately 8:30 am, 
3:30 pm, and 5 :30 pm, respectively. Similarly, FIG. 6C shoWs 
an illustrative line graph 58 shoWing the number of events that 
occurred for time periods during the same six hours for three 
days. 

In any event, computer system 20 canuse region schema 40 
to determine When an object exhibits abnormal behavior. To 
this extent, FIG. 7 shoWs an illustrative image 62 of the 
monitored area of FIG. 4 With monitored object tracking data 
44 displayed thereon according to an embodiment. Moni 
tored object tracking data 44 Was obtained by computer sys 
tem 20 for a one hour period, and included a total of 132 
monitored object tracks. In an embodiment, computer system 
20 can evaluate the tracking data for each of the monitored 
object tracks and determine Whether it folloWs at least one of 
the prototypical tracks in region schema 40. If not, the moni 
tored object track can be identi?ed as abnormal behavior, and 
computer system 20 can generate an alert for presentation to 
user 12 in response to the abnormal behavior. For example, 
computer system 20 can display the monitored object track on 
a monitor and an indication of Why the monitored object track 
is considered abnormal. 

FIG. 8 shoWs an illustrative image 64 of the monitored area 
of FIG. 4 With monitored object tracking data 66 that has been 
evaluated as abnormal behavior displayed thereon according 
to an embodiment. As can be seen, most of the abnormal 
behavior is likely due to vehicles pulling in and out of the 
parking spots that are visible Within the image 64 and the 
people exiting and entering these vehicles. In these cases, 
objects frequently do not enter and/ or exit in one of the 
terminal locations 52A-G (FIG. 6A), and therefore often do 
not folloW one of the prototypical tracks 54A-G (FIG. 6A). 
When monitoring an entrance as in this implementation, it 
may be desirable that computer system 20 identify to user 12 
(e.g., a security individual) every time vehicles are entering/ 
departing these parking spots as they are the closest to the 
entrance. 

HoWever, to address these activities, or other activities that 
occur relatively infrequently but are still normal, in an auto 
mated manner, user 12 can manually generate one or more 
additional prototypical tracks, Which can be stored in region 
schema 40. For example, user 12 could identify object track 
ing data 66 that has been evaluated as abnormal and request 
that computer system 20 add a prototypical track to region 








