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APPARATUS AND METHODS FOR THE SEMI-AUTOMATIC
TRACKING AND EXAMINING OF AN OBJECT OR AN EVENT IN A
MONITORED SITE

BACKGROUND OF THE INVENTION
" RELATED APPLICATIONS

The present invlention is related to PCT application serial number
PCT/ILO3/OOO9V7” titted METHOD AND APPARATUS FOR VIDEO FRAME
SEQUENCE-BASED OBJECT TRACKING, filed 6 February 2003. The preéent
invention is related to PCT applicatibn serial number PCT/ILO2/01042 titledl

SYSTEM AND METHOD FOR VIDEO | CONTENT-ANALYSIS-BASED

| DETECTION, SURVELLANCE, AND ALARM MANAGEMENT, filed -26

December 2002.

FIELD OF THE INVENTION
The present invention relates to video surveillance systems in general,
and to an apparatus and method for the semi-automatic examination of the history

of a suspicious object, in particular.

DISCUSSION OF THE RELATED ART

Video surveillance is commonly recognized as a critical security tool.
Human operators provide the key for detecting security breaches by watching
surveillance screens and facilitating immediate response. For mény transportation
sites like airports, subways and highways, as well as for other facilities like large
corporate buildings, financial institutes, correctional facilities and casinos, whér‘e
security and control plays a major role, video surveillance systéms implemented
by Close Circuit TV (CCTV) and Interhet Protocol (IP) cameras are a major and

critical tool. A typical site can have one or more and in some cases tens, hundreds
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and even thousands of cameras spread around, connected to the control room for
monitoring and at times also for recording. The number of monitors in the control
room is usually much smaller than fhe number of cameras on site, while the
number of human eyes watching such monitors is smaller yet. | |
The human operator’s tiring and boring job of watching multiple
cameras on split screens, when most of the time nothing happens is facilitated by

existing techniques. These techniques include the identification and tracking of

~ distinguishable objects in each of the captured video streams, and marking these

objects on the displayed video. streams. Objects are identified and trackéd at their
first appearance in the video stream. For examplé, when a persoAn ’canying a bag
walks into a monitored area, an object is created for the person and the bag‘
together. Alternatively an object is identified as such once it is separated from a
previously identified object, for example a person walking out of a car, a left
luggage and the like. In the former example as soon as the person leaves the car,
he is identified as a separate object than the car, which in itself can be defined as
an object. |

More advanced systems such as NICEVision Content Analysis .

applications manufactured by NICE Systems, Ltd. Of Ra’anana Israel can further

| alert the user that a situation which is defined as attention-requiring is taking

place. Such situations include intrusion detection, a bag left unattended, a vehicle
parked in a restricted area and others. In addition to the génerated alert, the system
can assist the user in rapidly locating Vthe Situétion by displaying on the monitor.
one of the available video streams showing the site of the attention-requiring
situation, and emphasize, for example by enéircling the problematic object by a
colored ellipse. '

Alerts are triggered by a variety of circumstances, one or more
independent events, or combinatioﬁ of events. For example, alert can be triggered
by: a speciﬁc event, predetermine time that elai)sed from a specific event, an

object that passed a predetermined distance, an object that éntered to or existed

2.
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form a predetermined location, predetermined temperature measured, weapon
noticed or otherwise sensed, and the like. A

In order to avoid alerts overload, the system often generates an alert not
immediately following the occurrence of .an alert-requiring situation, but only
after a predetermined period of time has elapsed and the situation has not been
resolved. For example, an unattended lugg.age ‘might be declared as such if it is
left unattended for at least 30 seconds. Therefore, once the operator becomes
aware of the attention-requiring situation, some highly valuable time was lost. The
person who abandoned the bag or parked the car in a parking—restricted zone

might be out of the area captured by the relevant camera by the time the operator

- has discovered the abandoned bag, or the like. The operator can of course

playback the relevant stream, but this will consume more, and potentially a lot

- more valuable time and will not assist in finding the current location and routé

followed by of the required object, such as the person'who' abandoned the bag,
prior to and following the abandonment.

An investigation is not necessarily held in response to an alert situation
as recognized by the system. An operator of a monitored site can initiate an
investigation in response to a situation that was not recogniied by the system as
alert friggering, or even without any special situation at all, for example for
training purposes. - | | |

There is therefore a need in the art for a system that will assist the
operator in examining the history of situations, and attaining history and current

information about objects that might have been involved with the situation.
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‘_ SUMMARY OF THE PRESENT INVENTION
One aspect of the present invention regards a meth{od for the investigétion of one
or more objects shown on one or more first displayed video clips captured by a
ﬂrstimage capturing device in a monitored site, the method comprising the steps
of selecting the object shown on first video clip, the object having a creation time
or disappearance time, and displaying a second video clip starting at a pre
détermined time associated with the création time of the object within the first
video clip or the disappearance time of the object from the first video clip. The
second video clip is captured by a second image capturing device. The method
further comprising a step of identifying information related to the creation of the -
object within the first video blip. The method further comprising a stép of
incorporating the information in multiple frames of the first video clip, in which
the at least oﬁe object exists. The information comprises the point in time or
coordinates at which the object was created within the first video clip. The method
further comprising the steps of: recognizing one or more events, based on
predetermined parameters, the events involving the object and generating an alarm
for the event. The method further comprising a step of constructing a map of the
monitored site, the map comprising one or more indicatiéns of one or more
locations in which image capturing devices are is located. The method further
comprising a step of displaying a map of the monitored site, the map éompriéing
one ‘ore more indications of one or more locations in which image capturing
devices are located. The method further comprising a étep of associating the
indications with video streams generated by the image capturing devices. The
method further comprising a step of indicatiﬂg on the map the location of an
image capturing device, when a clip captured by the image capturing device is
displayed. The step of displaying the second video clip further comprises showing
the second video clip in forward or backward diréction at a predetermined speed.
The method further comprising the steps of: defining a first region within the field
-of view of the first image capturing device; and defining a second region

neighboring to the first region, said second region is within a second field of view
-4-
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captgred by a second image capturing device. The second video clip is captured
by the second image capturing device. The second video clip captured by the
second image capturing device is displayed concurrently with displaying the first
video clip. The method further comprising the step of displaying the second video
clip where the first video clip was displayed, such that thé object under
investigation is shown on the second video clip. The method further co'mprisi'ng a
step of genérating one or more combined video clips showing in a continuous
manner one or more portions of the first video clip and one or more porﬁons from
the second video clip shown to an operator. The method further éomprising a step
of storing the combined video clip. The predetermined time associated with the
creation of the object is a predetermihed time prior to the creation of the object}.
The first or second video clips are displayed in real time or in off-line.

A second aspect of the disclosed invention relates to a method for tracking:
one or more 6bjects shown on one or more first video clibs showing a first field of

view, the clip captured by a first image capturing device in a monitored site, the

. method comprising the steps of: displaying the first video clip, in forward or

backward dir'ect‘ion, and at a predetermined speed; identifying a first region within
the first field of view; selecting a second region neighboring the first region; and
displaying- a second video clip- showing the second regidn, thereby tracking the
objéct, the clip' is displéyed‘ in forward or backward direction, and at a
predetermined speed. The method further comprising a step of constructing a map
of the monitored site, the map comprising one or more indications of one or more
locations in which one or more image capturing devices are located. The method
further comprising a step of dlsplaymg a map of the monitored site, the map
comprising one ore more indications of one or more locations in which one or

more image capturing devices are located. The method further comprising a step

of associating the indication with one or more video streams generated by the

image capturing devices. The method further comprising a step of indicating on
the map the location of an image capturing device, when a clip captured by the

image capturing device is displayed. The method further comprising the steps of
-5-
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defining a region within the field of view of the first image capturing device, and
defining a second neighboring region to the first region, the second region is
within a second field of view captured by a second image capturing device. The
second video clip is c_aptured'by the second ,imagé capturing device. The second
video -clip captured by the second image. capturing device is displayed
concurrently with displaying the first video clip. The method further comprising
the step of displaying the second video clip where the first video clip was
displayed, suoh that the object under investigation is shown on the second video
clip. The method further comprising‘ a step of generating a combined video clip
showing in a continuous manner one or more portions of the first video clip and
one or more portions from the sécond video clip shown to the an during an
investigation. The method further comprising a steb of storing the combined video
clip. The first or second video clips are displayed in real time or in off-line.

Yet another aspect pf the disclosed invention relates to an apnaratus for the
investigation of one ore more objects shown on one or more ~displayed video clips
captured by one ore more image capturing devices in a monitored site, the
apparatus comprising an object creation time and coordinates storage component
for incorporating information about the objects within multiple frames of the
video clip; an investigation options component for presenting an operator with
relevant options during the investigation; and an investigation display component
for displaying the video clip. | \

Yet another aspect of the disclosed invéntion relates to a computer readable
storage medium containing a set of instructions for a general purpose computer,
the set of instructions comprising an object creation time and coordinates storage
component for incorporating inforrnation about the at least .one object within
multiple frames of the at least one video clip, an investigation options component
for presenting an operator with relevant options during the investigation; and an

investigation display component for displaying the at least one video clip.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated more fully
from the following detailed deséription takc‘n in conjunction with the drawings in
which: |

Figs. 1 and 2 are schematic maps of neighboring and non-neighboring
field of views, in accordance with a preferred embodi,ment of the present
invention; ‘

Fig. 3 shows a schematic drawing of a monitored site, in accordance
with a preferred embodiment of the present invention;

Fig. 4 is a schematic block diagram of the proposed apparatus, in
accordance with a preférred embodiment of the preSent invention;

Fig. 51is é block diagram shdwing the main components of the alert

investigation application, in accordance with a preferred embodiment of the

- present invention; and

Fig. 6is a flowchart showing a typical scenario of using the system, in

accordance with a preferred embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Definitions:

Image capturing device — a camera or other devices capable of
capturing sequences of temporally consecutive images of a location, and
producing a plurality or a stream of images, such as a video stream. Close Circuit
TV or IP cameras or like cameras are examplés of image cépturing devices that
can be used in a typical environment in which the present invention is used. The
produced video streams are monitored or recorded. Such devices can also include
X-Ray, Infra-red cameras, or the like.

‘ ‘Site — an area defined by geographic boundaries monitored by one orv
mofe‘image capturing devices. A site includes one or more sub-areas that can be
captured by one or more image capturiﬁg devices. A sub-area may bé covered by
one or more image acquiring device. A sub area may also be outside the area of
coverage of an image capturing device. For example, a site in the context of the
present invention can be an airport a train or bus station, a secured area that

should not be trespassed, a warehouse, a shop and any other area monitored by an

image capturing device.

Field of view (FOV) - a sub-area of a monitored site, entirely captured
by .an image-capturing device. The FOV or parts therebf can be captured by
additional image-capturing devices,‘ but at least one image capturing device fully
captures the FOV. ' _

Region — a part of the boundary or a pai't of the area of a FOV.
Example for regions include the northern part of the boundary of a FOV; the
ndrthefﬁ part of a FOV; a line or a region within the FOV, and the like. A FOV
can contain one or more regions. ' B |

Neighboring fields of view (FOVs) — two FOVs within the site, which
may be overlapping, that are defined as neighboring by a user of the apparatus of
the present invention. The FOVs may be captured by one or more image capturing
devices, and may be overlapping. Referring to Fig. 1 the presented FOVs 2 and 4,

are mutually neighboring by definition. However, FOVs C (6) and D (8) are not .
. 8-
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likely to be declared as such by a user of the apparatus of the invention. Referring
now to Fig. 2, FOVs B (14) and C (10) are not neighboring,because an object is
not likely to pass from FOV B (14) to FOV C (10) without passing through FOV
A (12), or an area between FOVs A (12) and C (10). However, in compliance with
the above, such FOVs will be regarded as neighboring if the user chooses to
declare them as such. Another example for neighboring FOVs is the elevators
areas in all floors of a building. Since a person can walk into and out of an
elevator at any floor, all momtored areas bordering the elevators should be
mutually declared as nelghbors. When declaring _FOVS as neighboring, a user can
also denote which region or regions of one or two FOVs are neighbofing. For
example, a first room and a second room internal to the first room can be declared
as neighbors, where the neighboring regions of both rooms are the areas adjacent
to the door of the internal room, from both sides.

Video clip — a part of a video stream, having a start time or an end
time, taken by an image-capturing device monitoring an FOV., played in a forward
or backward dir‘ection, in a predetermined speed. | |

Object — a distinguishable entity in a monitored FOV, which does not
belong to the background of the environment. Objects can be vehicles, persons,
pieces of luggage, and any other like object which may be mphitored and is not a
part of the background of the environment monitored. In the context of the présent
invention, the same entity as captﬁred in two or more video clipé is considered to
be different objects. |

Map — a computerized schematic plan or diagram or illustration of the
site, comprising indicatiohs for the locations of the ifnage-capturing devices -
capturing FOVs in the site.

An apparatus and method to assist in the examination of the h1story of .
situations in a momtored site, and monitoring the development of situations is
disclosed. The apparatus also locates objects, i.e. enables the identification and

tracking of objects within the monitored scene. The apparatus and method can be

employed in real time or in off line environments. Usage of the proposed
-9-
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apparatus and method eliminate the need for precious-time-consuming and

. unhelpful playbacks of video clips. The proposed apparatus and method utilize

information incorporated in multiple frames of the stream itself, thus eliminating
the need for retrieving information from a database, which is a lengthy and
resource-consuming operation. The information can be stdred in each frame of the
stream or in a predetermined number of frames of the stream, such as in every
second frame, or in every predetermined frames of the stream, or in any like
combination. However, the system can store the information in a database, in
addition or instead of storing it in the stréam. The system identifies and tracks
objects, such as people, luggage, vehicles and other objects showing in one or
more frames within a stream. The system can also recognize events as attention- -
requiring, due to predetermined interactions between the objects recognized
within the stream or other conditions. The system stores within each frame of the
stream the creation time and location of each object present on the frame, i.e., the
time when the object has first been recognized within fhe stream, and the
coordinates of the object - within the frame in which the object- was first
recognized. While the present invention can be applied to any stream of images
captured by an image capturing device, the present invention will be better
explained and illustrated by referring to video images captured by video cameras.
When using the proposed system, a setup stage is held prior to the
ongoing operation. During the setup stage a map of the site is created, and the

locations of the image capturing devices are marked on the map and linked to the

“streams generated by the corresponding image capturing devices. An additional

stage in the setup of the environment is a definition of one or more regions within
each captured FOV, and the definition of which regions of which FOVs are
neighboring any other regions or FOVs. Each region or FOV can be assigned
zero, one or multiple neighbors. |

' When the apparatus is used in an ongoing manner, an alert is generated
for an attention-requiring situation. The alert contains indication for one or more

objects for which the attention of the operator is required, and optionally triggers
-10-
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the system to display a stream depicting the FOV in which the situation occurs |
and possibly neighboring FOVs. Once the operator is notified about the suspicious
objects, or e\'/en when no alert has been detected, and therefore no object is
suspicious, the operator can initiate the process of investigation of the history of
one or more objects. The operator selects a suspect object, or any other identified
object and requests to view a clip starting at a time associated with the creation
time of the relevant object. The associated time can be ‘r‘elative,‘ ie., a
predetermined time prior or subsequent to. the creation of the object, or absolute,
i.e., a certain time of a certain date. Since the creation time of each object is stored
within any video frame in which the object is identified, the time is immediately
available, and the operator does not have to play the video backwards to examine
where or how the object entered the FOV captured by the image acquiring device. |
Preferably, the video élip is presented in a central location on a display, such-as a
television or a computer screen. Throughout the presentation of the video clip, one
or more video clips of neighboring FOVs are presented on one or more additionalv '
locations on the display showing the relevant locations at concurrent or other
predetermined time frames. The second locations can be smallef or the same size
displays, such as different or additional windows opened on the device displaying
the video clip, such as on a single computer screen or a single television screen
having the capability to show more than one video clip at a time. Alternativély,
the secbnd locations can be shown on multiple displays positioned adjacent one to
the other, or situated in any other presentation manner. In a preferred embodiment
of the present invention, a map of the site is presented as well, with the location of
the image-capturing device whose clip is currently presented in the central display
highlighted, so the operator has immediate understanding of the actual location in
the site of the situation he or she arelwatching.

In another preferred émbodiment of the present invention, the operator
of the apparatus of the present invention focuses on an object of interest — the first
object. The first object is identified by the system when entering a first FOV

captured by the video stream. To identify the origin of the first object the operator
-11-
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- can replay the last several seconds or any predetermined time of the video stream

of a neighboring FOV, starting from the time the object is identified in the fist
video clip and going backwards in time, to identify the location and the region of
the FOV through which the first object possibly entered the first FOV, if such
region has been defined for the FOV. Once the video clip of the neighboring FOV ‘
is replayed, a second object is visually identified by the operator as being the first
object in the first FOV, although the first object is not logically linked within the
apparatus of the present invention to the second object on the second video clip.
The operator can then click on the second obje;ét in the neighboring FOV (or
second video clip) and request to associate the first object that appeared in the
first sub-are with the second object that appeared in the neighboring (second)
FOV. The op_eratof may also request to present the video of this neighbofing FOV
starting at the time the second object entered into the neighbofing FOV. Repeating
these actions, the operator can track the first objeét back until the time the object
was first recognized in the site. For example, if the site is a fully monitored
airport, and the suspicious object is a person, the person can be tracked back to the
car with which he entered the airport. ka the suspicious object has been first
identified in the stream when it forked from another object (such as an abandoned
luggage), the operator can view the creation of the object, in this case the time the -
owner of the luggage abandoned it, and then keep tracking the owner of the
abandoned luggage. At any given time, the operétor can choose to play the clip
containing a éhosen object in a regular speed, i.e., in the same rate at which the
frames of the clip were captured, 6r at any predetermined speed faster or slower
than the capturing speed . The operator can also choose to play the clip in a
forward or backWard direction. .In the example of the abandoned luggage, playing
fast the video clip in the forward direction, shows the owner of the luggage will
facilitate additional replays allowing “following” such person through associating
the object associated with such person through a number of video clips shown to
the operator and ultimately tracking such person’s current location and allowing

security personnel to further investigate the reasons associated with the
' -12-
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unattended luggage in expeditidus manner. Thus, the incorporation of the creation
time of every object within any frame in which it is present, enables the rapid and
efficient investigatioﬁ of the history of an lobject or an event. In addition, through
associating one object with another, such as associating the first object and the
second object detailed above, an association list of objects is created. The
associétion list of object enables a quick investigation and examination of the
history of an object. Moreover, a supervisor or another operator of the apparatus
of the present invention may request to query the origin or the route of ah object
which was previously associated with other objecfs in other video clips and
receive a temporal sequenced video clips wherein the object is seen. The operator
may play the video clips forward or backward, align the display in a geographical
oriented manner or in any other orientation, include such oriéntation showing the
gaps, if such exist, between the imaging acquiring devices, on a single or a
plurality of displays. In a preferred embodiment of the present invention, while a
video clip showing a first FOV is presented, video clips depicting FOVs which
were defined as neighbors of the first FOV are presented as well, possibly in
smaller size or lesser detail. If here is an highlighted object in the first clip, and
the highlighted object is leaving the FOV through a region héving a known
neighboring FOV, the system can automatically start showing a clip depicting the
néighboring FOV instead of the first clip, and show the neighbors of the second
FOV as well. The locations where the neighboring clips are presented.can be
further configured to display the relevant FOVs at predetermined time prior to the
time the first clip is presenting.

Referfing now to Flg 3 that shows an exemplary environmént in which

the proposed apparatus and associated method are used. In the present non-

limiting example, the environment is a security-wise sensitive location, such as a

bank, an airport, a train or bus station, a public building, a secured building or
location, or the like, that is monitored by a multi-image acquiring devices system.
The video cameras 30, 32 and 34, capture respectively the FOVs 20, 22 and 24 of

a public area within a sensitive location. The FOVs 20, 22 and 24 are partially
-13- ' :
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overlapping and are likely to be defined as neighborihg by ‘an operator or
supervisor of the system. Camera 36 captures a FOV in the parking lot 26. FOV
26 is not geometrically neighboring any of the FOVs 20, 22 and 24. However, if
people are likely to pass from the parking lot to the public area of the sensitive
location without being captured by another video camera, then FOV 26 is likely to
be defined as neighboring FOVs 20, 22 and 24.

Referring now to Fig. 4 that shows an exemplary structure in which the
proposed apparafus and associated method is implemented énd operated. In the
framework of this exemplary surveillance system, the location includes a video
camera 51, a video encoder 53, and an alert detection and investigation device 54.
Persons skilled in the art will appreciate that environments having a single or any
other number of cameras can be used in association with the teaching of the
present invention in the manner described below. Optionally, the environment
includes one or more of the following: a video compressor device 60, a video
recorder device 52, and a video storage device 58. The video camera 51 is an
image-acquiring device, capturing sequences of temporally consecutive images of
the environment. Each image captured includes a timestamp identifying the time
of capture. The camera 51 relays the sequence of captured frames to a video
encoder unit 53. The unit 53 includes a video codec. The device 53 is encodes the
visual images into a set of digital signals. The signals are optionally transferred to
a video compressor 60, that compresses the digital signals in accordance with now
known or later developed compression protocols, such as H261, H263, MPEGI,
MPEGZ, MPEG4, or the like, into a compressed video stream. The encoder 53
and compressor 60 can be integral parts of the camera 51 or external to the camera
51. The codec device 53 or the compressor device 60, if present, transmits the
encoded and optionally compressed video stream to the video display unit 59. The
unit 59 is preferably a video monitor. The unit 59 utilizes a video codec installed
therein that decompresses and decodes the video frames. Optionally, in a parallel
manner, the codec device 53 or the compressor device 60 transmit the encoded

and compressed video frames to a video recorder device’ 52. Optioﬁally, the
-14-
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recorder ‘device 52 stores the video frames into a video storage unit 58 for
subsequent retrieval and replay. If the video frames are stored an additional
timestarnp is added to each video frame detailing the time such frame was stored.
The storage unit 58 can be a magnetic tape, a magnetic disc, an optical disc, a
laser disc, a mass-stnrage device, or the like. In parallel to the transmission of the
encoded and compressed video frames to the video display unit 59 and the video
r\ecorder device 52, the codec device 53 or the compressor unit 60 further relays
the video frames to the alert detection and investigation device 54. Optionally, the
alert detection and investigation device 54 can obtain the video stream from the
video storage device 58 or from any other source, such as a remnte source, a
rémote or local network, a satellite, a floppy disc, a femovable device, and the
like. The alert detection and investigation device 54 is preferably a computing
platform, such as a personal computer, a mainframe computér, or any other type
of computing platform that is provisioned with a memory device (not shown), a
CPU or microprocessor device, and several /O ports (not shown) Alternatlvely,
the device 54 can be a DSP chip, an ASIC device storing the commands and data
necessary to execute the methods of the present invention, or the like. The alert
detection and investigation device 54 comprises a setup and definitions
cnmponent 50. The setup and definitions component 50 facilitates creating a map
of the site and associating the locations of thé image capturing devices on the map
with the streams generated by the relevant devices. The setup and definitions
component 50 further comprises a component for defining FOVs or regions of
FOVs as neighboring. The alert detection and investigation device 54 further
comprises an object recogmtlon and tracking and event recognition component
55, an alert generation component 56, and an alert investigation component 57.
The alert investigation component 57 further contains an alert preparation and
investigation application 61. The alert investigation application 61 is a set of
logically inter-related comnuter programs and associated data structures operating
within the investigation device 54. In the preferred embodiments of the présent

invention, the alert investigation application 61 resides on a storage device of the
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aiért detection and investigation dev{ce 54. The device 54 loads the alert
investigation application 61 from the storage device into the processor memory
and executes the .investigation application 61. The alert detection and
investigation device 54 can further include a storage device (not shown), storing
applications for object and event recognition, alert generation, and investigation,
the applications being logically intér-related computer programs and associated
data structures that interact to provide alert detection and investigation device.
The encoded and optionally compressed video frames are received by the device
- 54 via a pre-defined 1/O port and are processed by the applications. The database
(DB) 63, is optionzilly connected to all components of the alert detection and
investigation device 54, and stores information such as the map, the neighboring
FOVs and regions, the objects identified in the video stream, their geometry, their
creation time and ‘coordinates, and the like. Alternatively, some of the components
can store information within the video stream and not in the database. Note should
be taken that although the drawing under discussion shows a 'single video camera,
and a set of single devices, it would be readily perceived that in a realistic
environment a multitude of cameras could send a plurality of video streams to a
plurality of video display units, video recorders, and alert detection and
investigation devices. In such environment there can optionally be a central
control unit (not shown) that controls the overall operation of the various
components of the present invention.
Further note should be taken that the apparatus presented is exemplary
only. In other preferred embodiments of the present invention, the applicationé,
. the video storage, video recorder device or the abnormal motion alert device could
be co-located on the same computing platform. In yet further embodiments of the
present invention, a multiplexing device could be added in order to multiplex
several video streams from sévetal cameras into a single multiplexed video
stream. The alert detection and investigation device 54 could optionally include a
de-multiplexer unit in order to separate the combined video stream prior to

processing the same.
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The iject recognition and trgcking and event recognition component
55 and the alert generation component 56 can be one- or more computer
applications or one or more parts of one or more applications, such as the relevant
features of NICE Vision, manufactured by NICE of Ra’anana Israel described in
detail in PCT application serial number PCT/IL03/00097 titled METHOD AND
APPARATUS FOR VIDEO FRAME | SEQUENCE-BASED OBIJECT
TRACKING, filed 6 February 2003, and in PCT application serial number
PCT/IL02/01042 titled SYSTEM AND METHOD FOR VIDEO CONTENT-
ANALYSIS-BASED DETECTION, SURVELLANCE, AND ALARM
MANAGEMENT, filed 26 December 2002 which are incqrporated herein by
réference. The objec-t recognition and tracking and event recognition component
55 identifies distinct objects in video frames, and tracks them between subsequent
frames. An object is created when it is first recognized as a distinct entity by the
system. Another aspeét of this module relates to recognizing events involving one
or more objects as requiring attention form an operator, such as abandoned
luggage, parking in a restricted zoné and the like. The alert generation component
56 is responsible for generating an alert for an event that was recognized as
requiring attention from an operator. In the context of the proposed invention, the
generatéd alert comprises any kind of drawing attention to the situation, be it an
audio indication, a visual indication, a message to be sent to, a predetermined
person or system, or an instruction sent to a system for performing a step
associated with said alarm. In a preferred embodiment of the disclosed invention,
“the generated alert includes visually highlighting on the display unit 59 one or
more objects involved in the' event, as recognized by the object and event
recognition component 55. The alert indication prompts the operator to initiate an
ihvestigation of the event, using the investigation component 57.
| Referring now to Fig. 5, showing the main components of the alert
investigation application, in accordance with a preferred embodiment of the
present invention. The alert investigation application 61 is a set of logically inter-

related computer programs and associated data structures operating within the
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devices shown in association with Fig. 4. Application 61 includes a system
maintenance and setup component 62 and an alert preparation and investigation
component 68. The system maintenance and scfup module 62 comprises a
parameter setup component 64 ‘whichv is utilized for setting up of the parameters of
the system, such as pre-defined threshold values and the like. The system
maintenance and setup module 62 comprises also a neighboring FOVs definition
component 66. Using the neighboring FOVs definition component 66, the

operator or-a supervisor of the site defines regions of FOVs, and neighboring

| relationships between FOVs or regions of FOVs capttired by the various video

cameras. The process of defining the neighboring relationships between FOVs or
regions of FOVs is preferably carried out in a visual manner by the operator. The
operator uses a point and click device such as a mouse to choose for each FOV or
region of FOV, those FOVs or regions of FOVs that neighbor it. Thus, the
operator can define the way he or she prefers to see the display, i.e., when a
certain FOV is displayed, which FOVs are to be displayed-concurrently, and in
which layout. The operator is likely to position the various displays of the FOVs

‘in a geographically oriented manner so as to allow him to make the visual

connection between objects moving from the first FOV to other FOVs.
Alternatively, the definition is performed via a command prompt software
program, a plain text file, an HTML 'ﬁle, or the like. In the map definition
component 67, the operator constructs or otherwise integrates a schematic map of
the site, with indications for the locations of the image cépturing device. In
addition, the stream generated by each device is associated with the relevant
location on the map. Thus, when a clip of a certain stream is presented, the system
automatically highlights the location of the relevant image capturing device,‘ SO
the operator orients the situatiori with the actual location.

Still refefring to Fig. S5, the alert préparation and investigation
component 68, comprises an object creation time and -coordinates storage
component 74. The object creation time and coordinates storage component. 74

receives a video stream and the indication of the objects recognized in the video
-18-
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stream, as recognized by the object and event recognition component 55 of Fig. 4.
The object creation time and coordinates storage component 74 incorporates, in
addition to the current geometric characteristics of the object, also information
about the creation time and creation coordinates of the object, i.e. the time
associated with the video frame in which the object was first recognized in the
video stream, and the coordinates in that frame where the object was recognized.
The relevant timestamp and location are associated with every object recognized
in every frame of the video stream, and stored with the frame itself. This
timestamp enables the system to immediately start displaying a clip exactly, or a

predetermined time prior to when an object was first recognized. The creation

" coordinates can clarify which region the object entered the FOV through. Since

the neighbors of each FOV are known, if there is a single neighbor for that region,
it is possible to automatically switch to the clip showing the FOV from which the
object arrived into the current FOV.

The recognition of an object within a video stream can be attributed to
the entrance of the object into the FOV captured by the video stream, such as
when a person walks into the monitored FOV. Altemat'ively, the object is
recognized when it is forked from another object within the monitored FOV, and
recognized as an independent object, such as_luggage after it has been abandoned
by a person that carried the luggage to the point of creation/abandonment. In the
later case, the time incorporated in the video stream will be the abandonment time
of the luggage, which is the time the luggage was first recognized as an
independent object. The alert investigation component 68 comprises also the
investigation display component 82. The investigation display component 82
displays one or more video clips where the recognized objects are marked on the
display. Preferably, all recognized objects are marked on every displayed frame.
Alternatively, according to the operator’s preferences, only objects that comply
with an Operator S preferences are marked. Possibly, one or more marked objects
are highlighted on the display, for example, when an alert is issued concerning a

specific object, it will be highlighted. 'However, an object does not have to be -
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highlighted by the system in order to be investigated. The ',operator can click on
any objecf to make such object highlighted,-and evoke the relevant options for the
object. In a preferred embodiment of the disclosed invention, a first video clip is
displayed in a first location, and one or more second video clips are displayed in
second locations. -

For example, the operator can choose that the first location would be a

primary location and would be a centrally located window on a display unit, while

~ the second locations can be possibly smaller windows located on the peripheral

areas of the display. In another preferred embodiment, the first location can be
one display unit dedicated to the first video clip and the one or more second video
clips are displayed on one or more additional displays. In yet another embodiment,
the first video clip is taken from a video stream in which an attention-requiring
event had been detected, or siniply the operator decided to focus on the relevant
FOV. The one or more second video streams depict FOVs previously deﬁnéd as
neighboring to the FOV depicted in the first video stream. In a preferred
embodiment, the operator can drag one of the second video clips to the first

location, and the system would automatically present on the second locations the |
FOVs neighboring to the second clip. Preferably, When an highlighted object is
leaving the first FOV through a region which is known to be a neighbor of a
second FOV, a video clip showing the second FOV cén be automatically
presented in the first location, and its neighboring FOVs depicted in the secondary
locations. Thus, when a highlighted object moves between two neighboring
FOVs, the system can automatically change the display and make the FOV
previously presented in the first location move to the second location and vice
versa. Other changes may occur as well, for example other neighboring FOVs
which are presented when the first FOV is displayed at the first location can be
replaced with FOVs neighboring the second FOV. In another preferred

embodiment of the present invention, a map of the site is presented as well, with a

clear mark of the location of the image-capturing device whose clip is currently

presented in the central display, so the operator can immediately grasp the actual
-20- '
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location in the site of the situation he or she are watching. The investigation
component 68 further comprises an investigation options component 78. The
investigation options component 78 is responsible for presenting the operator with
relevant options at every stage of an investigation, and activating the options
chosen by the operator. In a preferred embodiment of the disclosed invention, the
options include pointing at an object recognized in a video stream, and choosing
to display the clip forward or backward, set the start and the stop time of the clip
to be displayed, set the display speed and the like. The options include also the
relationship between the clips displayed in the first and in the second locations.
For example, the operator can choose that during investigation the second displays
will show the associated video clips backwards, starting at a time prior to when

the object under question was first identified in the first video stream. This can

facilitate rapid investigation of the history of an event. As mentioned above, the

operator can choose to display the clip starting at the time when the object was
first recognized or created in the stream. Another option can be pointing at an
object identified in a video stream and choosing to play the chp in a fast forward
mode, until the object is not recognized in the stream anymore (e.g. the person left
the FOV), or until the clip displays the FOV at the present time, when fast
forward is no longer available. The abovementioned options are available, since
the system does not have to access or search through a database for the creation
time of an object within a video stream. Since this timestamp is available for
every frame, moving backwards and forward through the period in which the
object exists in the video stream is immediate. The pfeparation and alert
investigation component 68 further comprises an investigation clip creating
component 86. The function of the investigation clip creating component 86 is to
generate a continuous clip out of the clips displayed in the first or in a second
location during an investigation. The continuous clip depicts the investigation as a

whole, without the viewer having to switch between presentation modes, speeds,

and directions. Using the investigation cIip storing component 90, the generated

clip can be stored for later usage, editing with standard video editing tools, and
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the like. The clip can be later used for purposes such as sharing the investigation
with a supervisor, further investigations or presentation to a third party such as the
media, a judge, or the like. The preparation and alert investigation component 68
further comprises a map displaying component for displaying a map of the
monitored site, and indicating on the map the location of the image capturing
device, that captured the clip displayed in the first location.

Fig. 6 presents a flowchart of typical scenario of working with the
system. The presented scenario is exemplary only and other processes and
scenarios are likely to occur. Due to the exemplary nature of the presented
scenario, multiple steps of the scenario can be o'mitted, repeated, or performed in a
different order than shown, and other steps can be performed. In step 104, the
operator selects an FOV to focus on. In Step 108 the operator plays a video
showing the relevant FOV. Alternatively, the system recognizes a situation as

requiring attention, and automatically displays the clip of the relevant FOV. In

~ step 112, the operator selects an object within the FOV. In another scenario, the

operator might get an alert form the system, in which case the relevant video is
displayed and a‘suspiciou's object is already selected. This makes steps 104, 108
and 112 redundant. In step 116, the operator plays a video clip depicting the
selected object. It is also possible to play a video clip without any particular object
being selected. The video clip can be played forward or Backward. The video clip
can start or end at the present time, or at the creation time of a specific object
within the stream, or at a predetermined time. The video clip can also be played in
the capturing speed or at any other predetermin_ed speed, faster, or slower. In step
120, the operator possibly selects a second sub-object. For example, if the
operator haé been tracing an abandoned piece of luggage, he or she can now select
the person who abandoned the piece of luggage. In step 124 the operator observes
the object of interest and chooses a second FOV from which the object arrived to
the relevant FOV or to which he left the present FOV. Alternatively, if a
neighboring FOV has beeﬁ defined for the displayed FOV, or to the region of the

FOV in which the person was first identified, the system automatically determines
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the second FOV. In step 128, the operator or the system plays a second video
showing the second FOV. The second video clip is possib’ly played in a second
location, such as a different monitor, a differént window on the same monitor or
the like. Possibly, the first video is presented in a preferred location relatively to
the second video, such as a larger or more centrally located monitor, a larger
window, or the like. In step 132, the operator possibly identifies an object in the
second clip with the object he or she has been watching in the first clip. The
operator can also select a different object in the secohd video clip. In step 136, the
system presents the second video clip on the prime location and the second video
clip on one of the secondary locations. Since neighboring is preferably mutual,
i.e., if the second FOV neighbors the first FOV, then the first FOV neighbors the
second FOV, the first FOV is presented as a neighbor of the second FOV which is
now in the primary location. Alternatively; the operator can move, for example by
dragging, the second video to the first location and keep watching the video. The
process can then be repeated by playing a video clip that relates to the second
video and to the object selected in the second video as was explained in step 116.
The operator can also abandon fhe process' as shown, and initiate a new process by
starting step 104 or step 116 if the system generates another alarm.

For further clarity of how the apparatus can be used in a security-
sensitive environment, two exemplary situations are presented.

The first example relates to abandoned luggage. A person carrying a
luggage walks into a first FOV captured by a video camera, puts the luggage
down, and walks away. After the luggage has been abandoned for a predetermined
period of time, the surveillance system generates an alert for'unattended luggage,
and the luggage is highlighted in the stream produced by the relevant camera. The
operator chooses the option of showing the video clip, starting a predetermined
time prior to the creation time of the luggage as an independent object, i.e. the
abandonment time. Viewing this segment of the clip, the operator can then see the
person who abandoned the bag. Now, that the bperator knows who the

abandoning person is, the operator can then follow the person by fast-forwardi‘ng
o -23-
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the élip. When the operator observes that the person léaves the FOV depicted by
the video stream towards a neighboring FOV, the operator can drag the video clip
showing the neighboring FOV to be displayed in the primary location, while the
secondary locations are updated with new FOVs, which are neighboring the new
FOV displayed in the first location.

The operatdr preferably continues to follow the person in a fast-
forward manner until the current location of the person is discovered, and security
can access him. In'addition, the operator can track the person backwards to where
the person first entered the site, for example the parking lot, and ldcate his or her
car. The operator may also associate between the object (person) in the
neighboring FOV to the same object (person) shown in the first FOV by clicking
on the object in the neighboring FOV and requesting to associate it with the object
in the first FOV. The operator may associate persons with other persons or with
cars or other animate objects. In another scenario that same person met with
another person. Further investigation can track the other person, and any luggage
he may be carrying, as well.

Another example is a vehicle parking in a forbidden location. Once the
operator receives an alert regarding the vehicle, he or she can view the video clip
starting at the time when the vehicle entered the scene, or at what point in time a
person entered or exited said vehicle. Fast fgrwarding from that time on, will
reveal the persoh who left the vehicle, his behavior at the time (was he alert,
suspicious, or the like) and the direction in which he or she went. The person can
then be tracked as far as the site is captured by video cameras,' and his. intentions
can be evaluated.
| The above shown components, bptions and examples serve merely to
provide a clear understanding of the invention and not to limit the scope of the
present invention or the claims appended thereto. Persons skilled in the art will
appreciate that other features or options can be used in association with the

present invention so as to meet the invention’s goals.
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The proposed apparatus and methods are innovative in terms of
enabling an operator or a supervisor monitoring a security-sensitive environment
to investigate in .a rapid and efficient manner the history and development of an
attention-requiring situation or of an object identified in a video stream. The
presented technology uses a predetermined association between FOVs and regions
thereof, and the neighboring relationships between FOVs and regions thereof. The
disclosed invention enables full object location and tracking within a FOV and
between neighboring FOVs, in a fast and efficient manner. The operator has to
observe the FOV towards which or from which the object left or entered the
current FOV or region thereof, and the switching between presenting video clips
showing the relevant FOVs is performed automatically by the system. /

The method and apparatus enable the operator to handle and resolve in
real-time or near-real-time complex situations, and increase both the safety and
the well-being of persons in the environment. |

More options for the operator for manipulating the video streams can
be employed. For example, the operator can generate a detailed map of the
environment, and define the border along which a first FOV and a second FOV
are neighboring. Then if a person leaves the first FOV through the defined border,
the system can automatically display the video clip of the second FOV in the first
location, so the operator can keep watching the person.

Additional components can be used to interface the described
apparatus to other systems,

It will be appreciated by persons skilled in thevart that the present
invention is not limited to what has been particularly shown and described
hereinabove. Rather the scope of the present invention is defined only by the

claims which follow.
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CLAIMS

What is claimed is:

1. A method for the ini/estigation of an at least one object shown on an at least

one first displayed video clip captured by an at least one first image capturing
device in a monitored site, the method comprising the steps of:
selecting the at least one object shown on the at least one first video
clip, said at least one object having a creation time or a disappearance time;
and
displaying an at least one second video clip starting at a pre determined
time associated with the creation time of the at least one object within the
first video clip or the disappearance time of the at least one object from the

first video clip.

_ The method of claim 1 wherein the at least one second video clip is captured

by a second image capturing device.

. The method of claim 1 further comprising a step of identifying information

related to the creation of the at least one object within the first video clip.

. The method of claim 3 further comprising a step of incorporating the

information in multiple frames of the at least one first video clip, in which the
at least one object exists. |

The method of claim 3 wherein the information corhpriseé the point in time or
coordinates at which the at léast one object was created within the at least one

first video clip.

. The method of claim 1 further comprising the steps of:

recognizing an at least one event, based on predetermined parameters,
the event involving the at least one object; and

generating an alarm for the at least one event.

" The method of claim 1 further comprising a step of constructing a map of said

monitored site, said map comprising at least one indication of an at least one

location in which an at least one image capturing device is located.
-26- ‘
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8. The method of claim 1 further comprising a step of dispiaying a map of said
monitored site, said map comprising at leaét one indication of an at least one
location in which an at least one image capturing device is located.

9. The method of claim 7 further comprising a step of a'ssociating said at least
one indication with an at least one video stream generated by the at least one
image capturing device. |

10. The method of claim 8 further comprising a step of indicating on the map the
location of an image capturing device, when a clip captured by the image
capturing device is displayed.

11. The method of claim 1 wherein the step of displaying the at least one second
video clip further comprises showing the at least one second video clip in
forward or backward direction or at a predetermined speed.

12. The method of claim 1 further comprising the steps of:

defining at least one first region within the field of view of the at least
one first image capturing device; and ‘

defining at least one second region neighboring to the at least one first
region, said second region is within an at least one second field of view
captured by an at least one second image capturing device. ‘

13. The method of claim 12 wherein the at least one second video clip is captured
by the at least one second image capturing device.

14. The method of claim 13 wherein the at least one second video clip captured by
the at least one second image capturing device is displayed concurrently with
displaying the first video clip.

15. The method of claim 1 further comprising the step of displaying the at least
one second video clip where the at least one first video clip was displayed,
such that the at least one object under investigation is shown on the at least
one second video clip. |

16. The method of claim 1 further comprising a step of generating an at least one

combined video clip showing in a continuous manner at least one portion of
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the at least one first video clip and at least one portion from the at least one
second video clip shown to an operator.

17. The method of claim 16 further comprising a step of storing the at least one
combined video clip.

18. The method of claim 1 wherein the predetermined time associated with the
creation of the at léast one object is a predetermined‘time prior to the creation
of the at least one object. | _

19. The method of claim 1 wherein the at least one first or second video clips are
displayed in real time.

20. The method of claim 1 wherein the at least one first or second video clips are

displayed offline.

21. .A method for tracking an at least one object shown on an at least one first
video clip showing a first field of view, said clip captured by an at least one first
image capturing device in a monitored site, the method comprising the steps of:
displaying the at least one first video clip, in forward or backward
direction, and at a predetermined speed;
identifying an at least one first region within the first field of view;
selecting an at least one second region, said at least one second region
neighboring the at least one first region; and -
displaying an at least one second video clip showing the second region,
thereby tracking the at least one object, said clip is displayed in forward or |
backward direction, and at a predetermined speed.
22.The method of claim 21 further comprising a step of constructing a map of
said monitored site, said map comprising at least one indication of an at least
~one location in which an at least one image capturing device is located.
23.The method of claim 21 further comprising a step of displaying a map of said
monitored site, said map comprising at least one indication of an at least one

location in which an at least one image capturing device is located.
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74. The method of claim 22 further comprising a step of associating said at least
one indication with an at least one video stream generéted by the at least one
image capturing device.

95 The method of claim 24 further comprising a step of indicating on the map the
Jocation of an image capturing device, when a clip captured by the image
capturing device is displayed.

26. The method of claim 21 further comprising the steps of:

defining at least one region within the field of view of the at least one
first imagev capturing device; and |

defining at least one second neighboring region to the at least one first -
region, said second region is within an at least one second field of view
captured by an at least one second image capturing device.

27 The method of claim 26 wherein the at least one second video clip is captured
by the at least one second image capturing device.

28. The method of claim 27 wherein the at least one second video clip captured by
the at least one second image capturing device is displayed concurrently with
displayihg the first video clip.

29. The method of claim 21 further comprising the step of displaying the at least .
one second video clip where the at least one first video clip- was displayed,
such that the at least one object under investigation is shown on the at least
one second video clip. |

30. The method of claim 21 further comprising a step of generating an at least one
combined video clip showing in a continuous .manner at’least one portion of
the at least one first video clip and at least 6n§ portion from the at least one
second video clip shown to an operator during an investigation.

31.The method of claim 30 further comprising a step of storing the at least one
combined video clip.

39. The method of claim 21 wherein the at least one first or sécond video clips are

displayed in real time.
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33."The method of claim 21 \.vh,erein'_the at least one first or second video clips are

displayed offline.

34 An apparatus for the 1nvest1gat10n of an at least one object appearmg on an at
.5, least one dlsplayed video clip captured by an at least one 1mage capturing
device in a monitored site, the apparatus compr1smg.
an ObJCCt creation time and coordinates storage component for
1ncorporat1ng ‘information, about the at least one object w1th1n multlple
frames of the at least one video c11p,
10 | an investigation options component for presenting an operator
. with relevant options during the' investigation; and o
o an inyestigation display component for displayiné the at least one

.video clip.

» 15 35.A computerreadable storage medium containing a set of instructions for a
general purpose computer, the set of instructions comprising: |
an object creation time and coordinates storage component for
inCorporating information about the at least -one object within multiple
frames of the at least one video clip; | ’
.: 20 : an 1nvest1gat10n options component for presentlng an operator
| with relevant optlons during the investigation; and
| an investigation display component for displaying the at least one

video clip.
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