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SYSTEM AND METHOD FOR GENERATING
A VIEWABLE VIDEO INDEX FOR LOW
BANDWIDTH APPLICATIONS

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention is generally directed to the fields of
automatic video analysis and video compression. More spe-
cifically, the present invention is directed to a mechanism for
performing automatic video analysis and video compression
on video data provided by video input devices in order to
generate representations of the video data using a low band-
width data stream.

2. Description of Related Art

Video compression and automatic video analysis for track-
ing of moving objects are both very active areas of research.
However, these have been disconnected areas of research.
Video compression deals with minimizing the size of the
video data in the video stream while video analysis is con-
cerned with determining the content of video data.

In the context of video monitoring systems, such as video
surveillance or security systems, the index data will alert the
monitoring user to the presence of an interesting activity in
the scene. However, in order to take an action, the user needs
to view the corresponding video to gain a complete under-
standing of the activity. This feature is very essential since
most automatic video analysis systems have errors in the
event detection and will often indicate activity that is of little
or no interest to the human being monitoring the video.

Current automatic video analysis systems analyze the
video and generate an index. A typical video index may
consist of a temporal reference into the video stream and a
descriptor, where the descriptor may be a semantic token
(e.g., the presence of a human face and cardinality) or a
feature descriptor of the video (e.g., color histogram of the
dominate objects). The implicit assumption of video indexing
systems is that the actual video data will be available to the
monitoring user when they choose to use the index to review
the actual video. More information about such video analysis
systems is available in the Handbook of Video Databases,
Design and Applications by Fruth and Marques, CRC Press,
2003.

Many different types of video analysis systems have been
devised for use in determining the content of video data. For
example, U.S. Patent Application Publication No.
20030123850 to Jun et al. discloses a system that analyzes
news video and automatically detects anchor person and other
types of segments to generate temporal indices into the news
video. The Jun systems uses the index information to provide
content based access to the indexed segments and also allows
for different reproduction speeds for different types of seg-
ments. This system requires both the index and the original
video to allow a user to browse the news video.

U.S. Pat. No. 6,366,269, issued to Boreczky et al.,
describes amedia file browser where the file is accessed based
on a user selected feature. For example, a user may choose to
jump to a point in the media file where there is an audio
transition from music to speech or a visual transition from one
scene to the other. This system also requires both the index
and the original video to allow a user to browse the video
content based on the index.

U.S. Pat. No. 6,560,281, issued to Black et al., is directed to
a system which can analyze video data from a presentation,
cluster frames into segments corresponding to each overhead
slide used in the presentation, recognize gestures by the
speaker in the video and use this information to generate a
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condensed version of the presentation. In this system, the
condensed version of the video data can be used indepen-
dently, i.e. without using the original video. However, the
condensed version of the video data is not a complete repre-
sentation of the original video.

U.S. Pat. No. 6,271,892, issued to Gibbon et al., describes
a system that extracts key frames from video data and asso-
ciates it with corresponding closed captioning text. This
information may be rendered in a variety of ways, e.g., a page
with printed key frames with associated closed captioning, to
give a summary of the video. This system is in principle
similar to the Black system discussed above and suffers the
same drawback that the summary of the video is not a com-
plete representation of the video data.

Current video surveillance and tracking systems analyze
video to detect and track objects. They use the object tracking
information to infer the occurrence of certain events in the
video to thereby generate event markers. These systems then
use these event markers as indices for viewing the original
video.

For example, U.S. Pat. No. 5,969,755, issued to Courtney,
describes a video surveillance system which incorporates
object detection and tracking. The Courtney system generates
a symbolic representation of the video based on the object
tracking information. The Courtney system also uses the
object tracking information to infer events in the video such
as appearance/disappearance, deposit/removal, entrance/
exit, etc. The Courtney system uses these event markers to
retrieve relevant bits of the video for the user. The key draw-
back of the Courtney system, and systems like it, is that it
requires both the index information, i.e. the event marker
information, and the original video in order for the user to be
able to make an independent assessment of the event.

U.S. Pat. No. 6,385,772, which is also issued to Courtney,
describes a video surveillance system that uses a wireless link
to transmit video to a portable unit. The video surveillance
system uses motion detection as a trigger to transmit a video
frame to the portable unit so that the user can make an assess-
ment of the event. This system, while linking up a viewable
representation of a detected event, does not provide a com-
plete representation of the video corresponding to the event.
Thus, the Courtney system limits the ability of the user to
make assessments of the situation without accessing the
original video footage.

U.S. Patent Application Publication No. 20030044045 to
Schoepflin discloses a system for tracking a user selected
object in a video sequence. In the Schoepflin reference an
initial selection is used as a basis for updating both the fore-
ground and background appearance models. This system,
while discussing object tracking, does not address both the
event detection problem and the problem of generating a
complete representation of the video data.

U.S. Patent Application Publication No. 20010035907 to
Boemmelsiek describes a video surveillance system which
uses object detection and tracking to reduce the information
in a video signal. The detected objects are used as a basis for
generating events which are used to index the original video
data. This system again has the drawback of requiring the
original video data for the user to make an independent
assessment of the detected event.

Current video compression systems are completely
focused on reducing the number of bits required to store the
video data. However, these video compression systems do not
concern themselves with indexing the video in any form. For
example, U.S. Patent Application Publication No.
20030081564 to Chan discloses a wireless video surveillance
system where the data from a video camera is transmitted
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over a wireless link to a computer display. Such a system
provides access to video data from the camera without any
regard to event detection. Thus, this system requires that the
user view the video in order to detect events himself.

U.S. Pat. No. 5,933,535, issued to Lee et al., teaches a
method of using objects or object features as the basis for
compression, as opposed to rectangular blocks. This results in
higher compression efficiency and lower errors. This method,
while using the object properties to reduce the bandwidth
required to transmit the video data, does not look at the event
behavior of the objects.

U.S. Pat. No. 6,614,847, issued to Das et al., discloses an
object oriented video compression system which decom-
poses the video data in regions corresponding to objects and
uses these regions as the basis for compression. However, this
system, like most other compression systems, does not incor-
porate any video event information.

SUMMARY OF THE INVENTION

The critical drawback of current video analysis, video
compression and video surveillance systems is their disjoint
nature. That is, compression technology does not consider
how the user gets the relevant portions of the video while
video analysis and video surveillance technology generates
relevance markers but assumes the presence of the original
video data for the user to view the material.

The present invention addresses these problems in the prior
art by providing a system and method for generating a view-
able video index for low bandwidth application. The exem-
plary aspects of the present invention solve the problems with
the prior art systems by incorporating a viewable representa-
tion of the video into the index, thus generating a viewable
video index. The viewable video index contains a visual rep-
resentation of moving objects in the video data, a visual
representation of the background of the video capture area,
i.e. the scene, a representation of the object trajectory, a
representation of the object attributes, and a representation of
detected events.

The visual representation of the video capture area back-
ground includes a color bit map of the scene background or
stationary parts of the video capture area or scene. This color
bit map is updated whenever the background changes appre-
ciably as determined by a pre-established threshold. The
background provides a static image of the environment in
which moving objects, or foreground objects, move.

The visual representation of the moving objects includes a
color bit map of all moving objects in the scene. The color bit
map is updated at multiple time intervals during the lifetime
of the object in the video capture area and may be superim-
posed on a background image in order to provide a represen-
tation of the moving object moving within the environment
depicted by the background image.

The representation of the object trajectory includes a time
synchronized representation of position of the object and its
subparts over time. The representation of object attributes
includes, but is not limited to, the type of object, the object
size, object color, etc. The representation of the detected
events includes a time synchronized representation of a vari-
ety of events that are detected in the video data. These may
include the occurrence of movement, directional movement,
etc.

Using the object trajectory information, the background
images and the moving object bitmap, a representation of the
video data may be generated in which the moving object
bitmap images are superimposed over the background image
and move across the background image in accordance with
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4

the trajectory information. In addition, a timeline representa-
tion with event markers corresponding to the sequence of
events is provided with the event markers being selectable for
jumping the representation of the video data to corresponding
time points.

Thus, the viewable video index of the present invention
provides a complete representation of the input video stream
which can be used for distributed processing and after the fact
event detection. The viewable video index makes use of mod-
els to represent foreground objects. These models may be
generated by capturing an area around the points of move-
ment within a series of video frames or may be pre-estab-
lished models. Since the model data is provided along with
the viewable video index, classification of the models into
different types of objects, even those that were not envisioned
at the time that the viewable video index was generated, may
be made through an analysis of the model data.

In addition, since the viewable video index is a times-
tamped representation ofa video capture area, the timestamps
may be used to correlate the viewable video index with other
types of timestamped information, whether generated by the
same or a different system. Thus, for example, the viewable
video index may be correlated with a security access card
swiping device, badge reader, or keypad log file to determine
an identity of a particular person within a video capture area
represented by the viewable video index.

The viewable video index may be associated with a par-
ticular video capture device and may be marked with an
identifier of the particular video capture device. In this way,
by associating the identifier of the particular video capture
device with information maintained regarding the layout of
video capture devices at a particular location, “camera-hand-
off” for tracking an object as it crosses multiple video capture
areas is made possible. These and other features and advan-
tages of the present invention will be described in, or will
become apparent to those of ordinary skill in the art in view
of, the following detailed description of the preferred
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The exemplary aspects of the present invention will best be
understood by reference to the following detailed description
when read in conjunction with the accompanying drawings,
wherein:

FIG. 1 is an exemplary diagram of a distributed data pro-
cessing system in which the exemplary aspects of the present
invention may be implemented;

FIG. 2 is an exemplary diagram of a server computing
device in which exemplary aspects of the present invention
may be implemented;

FIG. 3 is an exemplary diagram of a client computing
device in which exemplary aspects of the present invention
may be implemented;

FIG. 4 is an exemplary block diagram illustrating a video
analysis engine in accordance with one exemplary embodi-
ment of the present invention;

FIG. 5 is an exemplary diagram illustrating an example of
the structure of a viewable video index for a sampled video
stream generated by a video analysis engine in accordance
with one exemplary embodiment of the present invention;

FIG. 6 is an exemplary diagram illustrating details of an
index entry at a given time instant for a sampled video stream
in accordance with one exemplary embodiment of the present
invention;
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FIG. 7 is an exemplary diagram of a visual output gener-
ated based on a viewable video index in accordance with one
exemplary embodiment of the present invention;

FIG. 8 is a flowchart outlining an exemplary operation of
one exemplary embodiment of the present invention when
generating a viewable video index; and

FIG. 9 is a flowchart outlining an exemplary operation of
one exemplary embodiment of the present invention when
generating a visual output using a viewable video index.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention provides a system and method for
generating a viewable video index for low bandwidth appli-
cations. As such, the present invention is particularly well
suited for use in distributed data processing systems in which
data is transmitted, via wired and/or wireless connections,
over a network between a plurality of computing devices.
Therefore, the following FIGS. 1-3 are intended to provide a
brief description of one exemplary distributed data process-
ing system and the computing devices within this distributed
data processing system as a context for the further description
of the mechanisms of the present invention. The example
systems and devices shown in FIGS. 1-3 are intended only as
examples and no limitation on the systems or devices that
may be used with the present invention is intended or implied
by the depiction or description of FIGS. 1-3.

With reference now to the figures, FIG. 1 depicts a pictorial
representation of a network of data processing systems in
which the present invention may be implemented. Network
data processing system 100 is a network of computers in
which the present invention may be implemented. Network
data processing system 100 contains a network 102, which is
the medium used to provide communications links between
various devices and computers connected together within
network data processing system 100. Network 102 may
include connections, such as wire, wireless communication
links, or fiber optic cables.

In the depicted example, server 104 is connected to net-
work 102 along with wireless server 106. In addition, clients
108, 110, and 112 are connected to network 102. Clients 108
and 110 represent clients that communicate via the network
102 using wired connections to the network 102. Client 112
represents a client device, such as a personal digital assistant
(PDA) or wireless telephone, that communicates with the
network 102 using a wireless connection via the wireless
server 106 which may be coupled to a base station or other
type of wireless transceiver (not shown). These clients 108,
110, and 112 may be, for example, personal computers or
network computers. In the depicted example, server 104 pro-
vides data, such as boot files, operating system images, and
applications to clients 108-112. Clients 108, 110, and 112 are
clients to server 104. Network data processing system 100
may include additional servers, clients, and other devices not
shown. In the depicted example, network data processing
system 100 is the Internet with network 102 representing a
worldwide collection of networks and gateways that use the
Transmission Control Protocol/Internet Protocol (TCP/IP)
suite of protocols to communicate with one another. At the
heart of the Internet is a backbone of high-speed data com-
munication lines between major nodes or host computers,
consisting of thousands of commercial, government, educa-
tional and other computer systems that route data and mes-
sages. Of course, network data processing system 100 also
may be implemented as a number of different types of net-
works, such as for example, an intranet, a local area network
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6

(LAN), or a wide area network (WAN). FIG. 1 is intended as
an example, and not as an architectural limitation for the
present invention.

In the depicted example, server 104 may incorporate a
viewable video index video analysis system in accordance
with the exemplary aspects of the present invention. Server
104 may be coupled to one or more video input device 150-
154 which are used to provide video data streams to the server
104. The video input devices 150-154 may be, for example,
digital video cameras or the like. Alternatively, the video
input devices 150-154 may provide video data streams from
stored video data, such as in the case of a video tape player,
DVD player, or other video data source having a storage
medium upon which the video data may be recorded. The
video data streams received from the video input devices
150-154 are analyzed to identify events occurring in the vari-
ous video capture areas as well as to generate viewable video
indices in the manner described hereafter.

Referring to FIG. 2, a block diagram of a data processing
system that may be implemented as a server, such as server
104 in FIG. 1, is depicted in accordance with a preferred
embodiment of the present invention. Data processing system
200 may be a symmetric multiprocessor (SMP) system
including a plurality of processors 202 and 204 connected to
system bus 206. Alternatively, a single processor system may
be employed. Also connected to system bus 206 is memory
controller/cache 208, which provides an interface to local
memory 209. 1/O bus bridge 210 is connected to system bus
206 and provides an interface to I/O bus 212. Memory con-
troller/cache 208 and I/O bus bridge 210 may be integrated as
depicted.

Peripheral component interconnect (PCI) bus bridge 214
connected to I/O bus 212 provides an interface to PCI local
bus 216. A number of modems may be connected to PCI local
bus 216. Typical PCI bus implementations will support four
PCI expansion slots or add-in connectors. Communications
links to clients 108-112 in FIG. 1 may be provided through
modem 218 and network adapter 220 connected to PCI local
bus 216 through add-in connectors.

Additional PCI bus bridges 222 and 224 provide interfaces
for additional PCI local buses 226 and 228, from which addi-
tional modems or network adapters may be supported. In this
manner, data processing system 200 allows connections to
multiple network computers. A memory-mapped graphics
adapter 230 and hard disk 232 may also be connected to [/O
bus 212 as depicted, either directly or indirectly.

Those of ordinary skill in the art will appreciate that the
hardware depicted in FIG. 2 may vary. For example, other
peripheral devices, such as optical disk drives and the like,
also may be used in addition to or in place of the hardware
depicted. The depicted example is not meant to imply archi-
tectural limitations with respect to the present invention.

The data processing system depicted in FIG. 2 may be, for
example, an IBM eServer pSeries system, a product of Inter-
national Business Machines Corporation in Armonk, N.Y.,
running the Advanced Interactive Executive (AIX) operating
system or LINUX operating system.

With reference now to FIG. 3, a block diagram illustrating
a data processing system is depicted in which the present
invention may be implemented. Data processing system 300
is an example of a client computer, such as client device 108,
110 or 112 in FIG. 1. Data processing system 300 employs a
peripheral component interconnect (PCI) local bus architec-
ture. Although the depicted example employs a PCI bus, other
bus architectures such as Accelerated Graphics Port (AGP)
and Industry Standard Architecture (ISA) may be used. Pro-
cessor 302 and main memory 304 are connected to PCI local
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bus 306 through PCI bridge 308. PCI bridge 308 also may
include an integrated memory controller and cache memory
for processor 302. Additional connections to PCI local bus
306 may be made through direct component interconnection
or through add-in boards. In the depicted example, local area
network (LAN) adapter 310, SCSI host bus adapter 312, and
expansion bus interface 314 are connected to PCI local bus
306 by direct component connection. In contrast, audio
adapter 316, graphics adapter 318, and audio/video adapter
319 are connected to PCI local bus 306 by add-in boards
inserted into expansion slots. Expansion bus interface 314
provides a connection for a keyboard and mouse adapter 320,
modem 322, and additional memory 324. Small computer
system interface (SCSI) host bus adapter 312 provides a con-
nection for hard disk drive 326, tape drive 328, and CD-ROM
drive 330. Typical PCI local bus implementations will sup-
port three or four PCI expansion slots or add-in connectors.

An operating system runs on processor 302 and is used to
coordinate and provide control of various components within
data processing system 300 in FIG. 3. The operating system
may be a commercially available operating system, such as
Windows XP, which is available from Microsoft Corporation.
An object oriented programming system such as Java may run
in conjunction with the operating system and provide calls to
the operating system from Java programs or applications
executing on data processing system 300. “Java” is a trade-
mark of Sun Microsystems, Inc. Instructions for the operating
system, the object-oriented programming system, and appli-
cations or programs are located on storage devices, such as
hard disk drive 326, and may be loaded into main memory
304 for execution by processor 302.

Those of ordinary skill in the art will appreciate that the
hardware in FIG. 3 may vary depending on the implementa-
tion. Other internal hardware or peripheral devices, such as
flash read-only memory (ROM), equivalent nonvolatile
memory, or optical disk drives and the like, may be used in
addition to or in place of the hardware depicted in FIG. 3.
Also, the processes of the present invention may be applied to
a multiprocessor data processing system.

As another example, data processing system 300 may be a
stand-alone system configured to be bootable without relying
on some type of network communication interfaces As a
further example, data processing system 300 may be a per-
sonal digital assistant (PDA) device, which is configured with
ROM and/or flash ROM in order to provide non-volatile
memory for storing operating system files and/or user-gener-
ated data.

The depicted example in FIG. 3 and above-described
examples are not meant to imply architectural limitations. For
example, data processing system 300 also may be a notebook
computer or hand held computer in addition to taking the
form of a PDA. Data processing system 300 also may be a
kiosk or a Web appliance.

With reference again to FIG. 1, as previously mentioned,
the video input devices 150-154 provide video data streams to
the server 104 which is equipped with a viewable video index
video analysis system in accordance with the exemplary
aspects of the present invention. The video data received from
the video input devices 150-154 is analyzed by the viewable
video index video analysis system to generate an adaptive
background model which represents the static aspects of the
video capture area in the video data. In addition, the video
data is further analyzed to generate foreground appearance
models that represent patches which correspond to moving
objects in the video capture area in the video data. These
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patches are used along with the adaptive background model to
generate a representation of the video data using a viewable
video index.

Frames of the video data are analyzed to associate fore-
ground objects, i.e. objects that move, between frames. In
other words, the frames of the video data are analyzed to track
object movements over time. The tracking of object move-
ments over time may involve determining the position and
size of the object over time, the orientation of the entire object
over time, as well as parameters regarding subparts of the
object. In some embodiments where models are used to track
an object between frames, object classification may be per-
formed based on an analysis of the video data so that an
appropriate stored model for the object may be retrieved and
used to represent the video data.

The analysis of the video data further includes detecting
the occurrence of events that occur within the video capture
areas of the video data. These events may include, for
example, the occurrence of movement in a particular direc-
tion, occurrence of high speed movement, the occurrence of
sudden changes in movement, etc. The event detection analy-
sis according to the present invention may produce a
sequence of time stamped events.

The result of the above analysis is used to generate a
viewable video index. The viewable video index is generated
based on user selected parameters that identify the composi-
tion of the viewable video index. These parameters may
include, for example, the bandwidth requirement of the index
and other parameters such as the control types of object
representations that are included as part of the index, types of
object activities that are included, etc. The generation of this
viewable video index will be described in greater detail here-
after.

The viewable video index includes a plurality of data struc-
tures that reference the models and data generated through the
above analysis. For example, the viewable video index may
include a main index directory that references a log file that
identifies start and end times of the video data represented by
the viewable video index, a camera index directory that
includes references to one or more track index files and object
model files for foreground or moving objects. These track
index files further include track start and end times indicating
time points at which the corresponding objects in the object
model files move within the video capture area as well as
movement information indicating position and optionally,
orientation and size information for the corresponding
objects represented by the object models. The viewable video
index further includes a background update directory that
references one or more background image files that represent
the static aspects of the video data.

Once this viewable video index is generated, it is stored in
association with the actual video data and are used in gener-
ating a viewable representation of the video data. The view-
able video index is stored in such a manner that it is made
available for distribution over the network 102 to one or more
client devices. In this way, the video data from the video input
devices 150-154 is stored on the server along with the various
object models, background model and tracking information
and only the viewable video index needs to be distributed to a
client device that may be used by a human user whose respon-
sibility it is to monitor the video capture areas represented by
the video data received from the video input devices 150-154.

Upon selection of an option to view the video correspond-
ing to the viewable video index, the object models, back-
ground model, and tracking information is used to generate a
representation of the video data. If the required models and
tracking information are not present locally on the client



US 7,447,331 B2

9

device, these files may be downloaded to the client device via
the network 102. If one or more ofthe files are already present
on the client device, they need not be transmitted again.
Instead they are retrieved from local storage and used in
generating a viewable representation of the video data.

The viewable video index is used by the client device to
determine how and where to superimpose the foreground
model(s) on a background model and move the foreground
model(s) across the background model in accordance with
tracking information. In this way, only the data representative
of models and tracking information needs to be downloaded
for use with the viewable video index, and this may not be
necessary every time the viewable video index is utilized, in
order to generate a representation of the video data streamed
to the server 104 from the video input devices 150-154. The
start and end time stamps associated with the viewable video
index may be used to correlate the viewable video index with
corresponding time points in the actual video data. In this
way, the user may obtain a viewable representation of the
video data in order to determine whether further viewing of
the actual video data is in order and may easily access the
specific portion of the actual video data corresponding to the
viewable video index.

Moreover, since only models, tracking information, and
the viewable video index are necessary for generating the
representation, the amount of data that must be transmitted to
client devices is minimized. As a result, low bandwidth client
devices, such as personal digital assistants or wireless tele-
phones, may be used as client devices with the present inven-
tion.

FIG. 4 is an exemplary block diagram illustrating a video
analysis engine in accordance with one exemplary embodi-
ment of the present invention. It should be appreciated that the
elements shown in FIG. 4 may be implemented as hardware,
software, or any combination of hardware and software, with-
out departing from the spirit and scope of the present inven-
tion. In one exemplary embodiment, the elements shown in
FIG. 4 are implemented as software instructions executed by
one or more data processing devices.

As shown in FIG. 4, the video analysis engine includes a
controller 410, a video input device interface 415, an object
detection module 420, a multi-object tracking module 425, an
object classification module 430, an event detection module
435, a user specified viewable video index parameter set
storage device 440, a viewable video index generator 445, a
video data storage device 450, and a network interface 455.
The elements 410-455 are in communication with one
another via a control/data signal bus 460. Although a bus
architecture is shown in FIG. 4, the present invention is not
limited to such and any architecture that facilitates the com-
munication of control/data signals between the elements 410-
460 may be used without departing from the spirit and scope
of the present invention.

Controller 410 controls the overall operation of the video
analysis engine and orchestrates the operation of the other
elements 415-460. The controller 410 receives video data via
the video input device interface 415 and stores this video data
in the video data storage device 450. In addition, this video
data may be provided to the other modules 420-435 for analy-
sis.

The object detection module 420 performs object detection
for identifying moving objects in the received video data. The
detection of moving objects may be performed in any known
manner. For example, a plurality of frames of video data at
successive time points may be analyzed to determine differ-
ences. A comparison of the differences with pre-established
thresholds is utilized to determine if the differences are likely
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representative of a moving object. The portions of the video
data corresponding to the differences are then identified as a
moving object. Of course, many other methods for identify-
ing moving objects, some of which are described in the prior
art reference in the Background of the Invention section, may
be utilized without departing from the spirit and scope of the
present invention.

The present invention uses this identification of moving
objects to separate out foreground objects, i.e. moving
objects, from the static portions of the video data, i.e. the
background. A frame of the background video data that does
not include the foreground object(s) is stored as an adaptive
background model. Periodically, a frame of the background
video data may be compared to the currently stored adaptive
background model to determine if the background has
changed appreciably. This may be done by determining dif-
ferences between the frame and the stored adaptive back-
ground model and determining if these differences exceed an
established threshold.

The identified foreground objects are used to generate
patches or overlays that represent the foreground objects. The
generation of these patches or overlays may be based on a
graphical representation of the object extracted from the
video data, a generated graphical representation of the object
based on attributes identified through analysis of the video
data, an object model retrieved based on classification of the
object, or the like. In a preferred embodiment, the object
patches or overlays are generated by identifying attributes of
the object, such as size, color, configuration, etc., and com-
paring them to attributes of stored object types in order to
classify the object as a particular type of object. Thereafter, an
object model corresponding to the identified object type is
utilized to represent the object. An example of one method by
which an object model may be generated for use in represent-
ing an object is described in Senior et al., “Appearance Mod-
els for Occlusion Handling,” Proceedings of Second Interna-
tional Workshop on Performance Evaluation of Tracking and
Surveillance Systems in conjunction with CVPR’01, Decem-
ber 2001, which is hereby incorporated by reference.

Having identified the foreground objects and the back-
ground of the received video data, the object patches or over-
lays and the adaptive background model are stored in asso-
ciation with the video data in the storage device 450. The
multi-object tracking module 425 receives the foreground
object and background information and tracks the trajectory
of the foreground objects as they move over the background
in the received video data from frame to frame. The multi-
object tracking module 425 may use any one or acombination
of several processes for tracking objects over time. For
example, as described in Senior et al. “Appearance Models
for Occlusion Handling,” Proceedings of Second Interna-
tional Workshop on Performance Evaluation of Tracking and
Surveillance Systems in conjunction with CVPR’01, Decem-
ber 2001, foreground objects are described by a bounding box
and an image mask which indicates those pixels in the bound-
ing box that belong to the foreground. In the Senior et al.
system, a distance matrix showing the distance between each
of'the foreground objects and all the currently active tracks is
constructed in order to associated the foreground objects with
one of the existing tracks in successive frames. For more
complex structures in the track matrix produced by the
bounding box tracking of Senior et al., appearance based
modeling is used. This is but one example of the way in which
foreground objects may be tracked, other methods and
mechanisms may be used without departing from the spirit
and scope of the present invention.
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Based on the type of object model used to represent the
foreground objects, various parameters of the object may be
estimated by the multi-object tracking module 425 at various
time points. For example, if the multi-object tracking module
425 uses a position and size tracker mechanism, such as that
described in Senior et al. “Real-time Articulated Human
Body Tracking Using Silhouette Information,” IEEE Work-
shop on Performance Evaluation of Tracking and Surveil-
lance, Nice, France, October, 2003, which is hereby incorpo-
rated by reference, an estimate of the position and size of the
object at various time points may be generated. The result of
such estimations is a sequence of time stamped position and
size values for each unique moving object in the video data. If
the multi-object tracking module 425 uses a model based
tracker, such as that described in the Senior et al. system, the
model that is identified through the classification discussed
above may be used as a basis for tracking multiple object
parameters from one time point to the next. Such model based
tracking mechanisms allow multiple parameters of the object
to be estimated including the size, position, and orientation of
the entire object and similar parameters for subparts of the
object. For example, a person tracker could estimate the pose
of the person’s head, the position and size of the person’s
torso and limbs, and the like. Depending on the complexity of
the tracking mechanism, multiple time stamped parameter
sets may be generated.

While this tracking is being performed, the trajectory infor-
mation is analyzed to determine if events of interest occur. As
noted above, such events may include, for example, move-
ment in a particular direction, the occurrence of high speed
movement, occurrence of sudden changes in movement, and
the like. Thus, the multi-object tracking module 425 gener-
ates a trajectory for each foreground object and a sequence of
time stamped events. The trajectory and event information
generated by the multi-object tracking module 425 is stored
in the storage device 450 in files associated with the various
identified foreground objects. There are a variety of events
that can be detected. As one example, a directional motion
event may be detected. Here the user specifies a target move-
ment direction (as an angle). The system computes the domi-
nant direction of movement for each moving object. This is
done by measuring the incremental movement direction (us-
ing two position measurements), these incremental directions
are used to compute a histogram, the peak of the histogram is
used to determine the direction of movement of the object.
Once the direction of movement of the object is known, it is
compared to the user supplied direction. If the object move-
ment direction is within a specified tolerance of the user
specified direction, a directional-movement event is declared.
Of course this is but one example of an event that may be
detected using the present invention and other events may be
defined and detected without departing from the spirit and
scope of the present invention.

The viewable video index generator 445 receives informa-
tion identifying the foreground object patches or layovers, the
adaptive background model, the trajectory and event infor-
mation, and user specified viewable video index parameter set
information, and generates a viewable video index from this
information. The viewable video index generator 445 gener-
ates a data structure having a main index directory that iden-
tifies attributes about the portion of video data to which the
viewable video index corresponds, a video input device index
directory that identifies the foreground object patch or lay-
over files and the trajectory and event information files cor-
responding to the foreground objects, and a background
update directory that identifies the background image files
that correspond to the background for the portion of video
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data represented by the viewable video index, as discussed
hereafter. The identifiers in the viewable video index may be,
for example, filenames, Internet protocol addresses, file path-
names, and the like.

The content of the viewable video index may be governed
by user specified parameters. These user specified parameters
may identify, for example, the bandwidth requirement for the
viewable video index which in turn determines the amount
and kind of information that may be contained within the
viewable video index. That is, for lower bandwidth applica-
tions, the viewable video index may not be able to include all
of the information that would be available for higher band-
width applications.

Once the viewable video index (VVI) is generated by the
VVI generator 445, the VVI is stored in association with the
originally received video data, model information, and track-
ing information in the storage device 450. Either immediately
when available, periodically, or upon request, the stored VVI
may be transmitted to a client device via the network interface
455. In addition, if necessary, model data and tracking data
associated with the VVI may be transmitted to the client
device via the network interface 455. The model data and
tracking data may be sent in response to a request being
received from a client device, for example.

At the client device, the VVI is used by an index browser
application to generate a representation of the video data at
the client device. The VVIis used to correlate the model data
and tracking data to generate the representation of the video
data. Based on the VVI, the model information and the track-
ing information, a display of the background with superim-
posed object models is generated. The superimposed object
models are moved across the background in accordance with
the tracking information. In addition, a representation of a
timeline represented by the VVI may be generated with event
identifiers provided. The user of the client device may select
the event identifiers in order for the representation of the
video data to jump to a representation of the video corre-
sponding to the event start time for the selected event. Since
the tracking information is a time stamped trajectory and a
time stamped sequence of events, the time stamps may be
used to correlate the events and trajectory information to
determine where and how the foreground object patches or
overlays are to be placed over the background model repre-
sentation.

Since the generation of the representation of the video data
requires the use of background models, foreground models,
tracking information, and the like, it is important that this
information be locally accessible by the client device. If this
information is not current stored in the client device, it may be
downloaded from the storage device 450. If the information is
already present locally, there is no need to download the
information from the storage device 450. Thus, the present
invention minimizes the amount of data that needs to be
transmitted to the client device by eliminating the need to
transmit the actual video data and by only requiring model
information to be downloaded to the client device when it is
not already present locally at the client device. As a result, low
bandwidth applications on client devices may be utilized to
generate the representation of the video data on the client
device. This permits client devices such as personal digital
assistants and wireless communication devices to be used as
devices through which a user may monitor the video capture
areas of the various video input devices.

FIG. 5 is an exemplary diagram illustrating an example of
the structure of a viewable video index for a sampled video
stream generated by a video analysis engine in accordance
with one exemplary embodiment of the present invention. As
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shown in FIG. 5, the viewable video index (VVI) includes a
main index directory 510 that references a log file 520, a
camera index directory 530, and a background update direc-
tory 540. The main index directory may further include infor-
mation identifying general parameters for outputting a view-
able video index such as the types of encryption used for the
index files, the version number of the index, the video source
name and characteristics from which the index was derived,
and the like.

The log file 520 referenced by the main index directory 510
includes an index start time and an index end time for the
viewable video index. The log file 520 encodes global prop-
erties of the viewable video index. The log file 520 may
include, for example, statistics summarizing the activity in
the index, such as the total number of objects in the scene,
distribution of objects by type, etc.

The camera index directory 530 includes references to
object model files 535 and their corresponding tracking files
537. The object model files include an object patch 550 or
overlay and an object mask 560. The object mask 560 is used
to remove a portion of the background model for use in
superimposing the object patch 550. The corresponding
tracking files 537 consist of index data for each frame of the
video. There may be separate tracking files 537 for each
object or a single tracking file that includes references to each
foreground object, depending on the particular implementa-
tion.

An example of the index data for frames of the video that
may be included in the tracking files is shown in FIG. 6. As
shown in FIG. 6, the index data may include, for example, a
start frame identifier 610, a timestamp for the frame 620, a
centroid location 630 for the frame, an area 640 of the frame,
bounding box parameters 650, a missing pixel count 660, an
occlusion fraction 670, an object class 680, a model track
number 690, and an end frame identifier 695. The above
elements represent various properties of the objects that are
being tracked at any given time instant. For example, the time
stamp 620 represents the time at which the index data was
gathered, the centroid location 630 is the location of the
object in the image frame, the area 640 represents the extent
of the object in pixels, etc. This list of properties can be
changed based on the index parameters set by the user.

The background update directory 540 references one or
more background image files that are used to represent the
background of the video data. If the background changes
appreciably during the time interval represented by the view-
able video index, more than one background image file may
be referenced in the background update directory 540. In
addition, timestamps may be associated with the background
image files to determine when to change the background file
that is used to generate the representation of the video data.

As mentioned above, the information contained in the
viewable video index shown in FIG. 5 is used to generate a
representation of the video data. FIG. 7 is an exemplary
diagram of a visual output generated based on a viewable
video index in accordance with one exemplary embodiment
of the present invention.

As shown in FIG. 7, the video representation includes a
background image 710 with a superimposed foreground
object model patch or overlay 720 that represents a moving
object in the video data. In addition, a timeline representation
730 is provided with event markers 740 identifying portions
of the video data represented by the viewable video index
where events were detected to have occurred.

As the video representation is viewed, the superimposed
foreground model patch or overlay 720 may be moved across
the background image in accordance with the tracking infor-
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mation identified in the viewable video index. In addition, the
superimposed foreground object model patch may have its
size, orientation, and other parameters modified in accor-
dance with the parameters recorded with the tracking infor-
mation as previously described above. In this way, a repre-
sentation of the video data is generated from a static
background image and models of foreground or moving
objects.

Other characteristics of the viewable video index may be
displayed on the video representation. For example, a trail
may be displayed indicating the movement of the superim-
posed foreground object model patch or overlay 720. Other
information, including timestamp information and the like
may be displayed in the video representation.

As mentioned above, the timeline representation 730
includes the event markers 740 based on the sequence of
events indicated in the tracking files. These event markers 740
are selectable so that the video representation may be jumped
to a video representation corresponding to the start timestamp
associated with the selected event marker.

Thus, the video representation provides enough informa-
tion for a user to view the video representation and determine
if there is sufficient reason to view the actual video data to
determine if something of interest has occurred within the
video capture area of the video input device. This is done
while minimizing the amount of data that needs to be trans-
mitted to the client device. The need to actually transmit the
video data to the client device is avoided. A much smaller
amount of data including the viewable video index, model
data, and the tracking files are all that is necessary to generate
a representation of the video data.

FIGS. 8 and 9 illustrate flowcharts outlining exemplary
operations of various elements of the present invention. It will
be understood that each block of the flowchart illustrations,
and combinations of blocks in the flowchart illustrations, can
be implemented by computer program instructions. These
computer program instructions may be provided to a proces-
sor or other programmable data processing apparatus to pro-
duce a machine, such that the instructions which execute on
the processor or other programmable data processing appa-
ratus create means for implementing the functions specified
in the flowchart block or blocks. These computer program
instructions may also be stored in a computer-readable
memory or storage medium that can direct a processor or
other programmable data processing apparatus to function in
a particular manner, such that the instructions stored in the
computer-readable memory or storage medium produce an
article of manufacture including instruction means which
implement the functions specified in the flowchart block or
blocks.

Accordingly, blocks of the flowchart illustrations support
combinations of means for performing the specified func-
tions, combinations of steps for performing the specified
functions and program instruction means for performing the
specified functions. It will also be understood that each block
of the flowchart illustrations, and combinations of blocks in
the flowchart illustrations, can be implemented by special
purpose hardware-based computer systems which perform
the specified functions or steps, or by combinations of special
purpose hardware and computer instructions.

FIG. 8 is a flowchart outlining an exemplary operation of
one exemplary embodiment of the present invention when
generating a viewable video index. As shown in FIG. 8, the
operation starts by receiving video data (step 810). Fore-
ground and background elements of the video data are iden-
tified (step 820) and models representing the foreground
objects and background elements are generated (step 830).
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Movement of the foreground objects over the background is
then tracked for a predetermined period to generate tracking
and object parameter information (step 840). In addition, the
video data is analyzed to determine the occurrence of events
and a sequence of events is generated (step 850). The models,
tracking and event information are then utilized to generate a
viewable video index (step 860) by generating a data structure
with parameters and references to the model, tracking and
event files. The viewable video index is then stored (step 870)
and may be transmitted to a client device (step 880). The
operation then ends.

FIG. 9 is a flowchart outlining an exemplary operation of
one exemplary embodiment of the present invention when
generating a visual output using a viewable video index. As
shown in FIG. 9, the operation starts by receiving, or retriev-
ing from local storage, a viewable video index (step 910). The
viewable video index is then parsed to identify the tracking
information files, foreground or moving object files, back-
ground files, and the like, that are referenced in the viewable
video index (step 920). A determination is made as to whether
any of the files referenced in the viewable video index are not
present locally (step 930). This may be done by comparing the
filenames (and optionally the paths) in the viewable video
index with a designated storage location on a local storage
device to determine if a file with the corresponding filename
exists in the local storage device. If any of the files are not
present in the local storage device, and a request for the files
has not been previously sent within a predetermined period of
time, then they are requested from the viewable video index
server via a network interface (step 940).

The operation then returns to step 930 and continues to
check for the files in the local storage device. Once all of the
necessary files referenced in the viewable video index are
available locally, a representation of the video data is gener-
ated by superimposing the moving object images from the
moving object files, at the position identified in the tracking
information file, on the background image (step 950). A time-
line representation may also be generated that includes event
markers indicating time points at which events were detected
in the input video data stream (step 960). As mentioned pre-
viously, these event markers are selectable in order to jump
the representation of the video data to a time point corre-
sponding to the start time of the detected event. The position,
size, orientation, and the like, of the moving objects are
updated as the representation steps through the time sequence
indicated in the tracking information file or in response to the
selection of an event marker (step 970). The operation then
terminates.

Thus, the present invention provides a mechanism for
reducing an input video data stream to a viewable video
index, one or more background and moving object model or
image files, and a tracking file. In this way, only the viewable
video index, the model or image files, and the tracking file
need to be transmitted to the client device in order for a
representation of the original input video data stream to be
generated at the client device. This allows the user of the
client device to view the representation in order to obtain
greater understanding of the events occurring in the original
input video data stream. Based on viewing the representation
of the input video data stream, the user may then determine
whether further investigation of the depicted events is war-
ranted.

The viewable video index of the present invention provides
a complete representation of the input video stream which can
be used for distributed processing and after the fact event
detection. The viewable video index makes use of models to
represent foreground objects. These models may be gener-
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ated by capturing an area around the points of movement
within a series of video frames or may be pre-established
models. Since the model data is provided along with the
viewable video index, classification of the models into differ-
ent types of objects, even those that were not envisioned at the
time that the viewable video index was generated, may be
made through an analysis of the model data. For example, if
at the time that the viewable video index is generated, only
people and vehicles are established classifications of objects,
and later subcategories of trucks and cars are established
within the vehicles classification, the model data itself may be
re-analyzed based on parameters defining trucks and cars to
determine whether the object that was originally classified as
a vehicle, is either a truck or a car.

In addition, since the viewable video index is a times-
tamped representation ofa video capture area, the timestamps
may be used to correlate the viewable video index with other
types of timestamped information, whether generated by the
same or a different system. Thus, for example, the viewable
video index may be correlated with a security access card
swiping device, badge reader, or keypad log file to determine
an identity of a particular person within a video capture area
represented by the viewable video index. The system of the
present invention may be coupled to databases in which such
timestamped information is stored and may access this infor-
mation in order to perform such correlations and provide an
output to a user indicative of the correlations, if any, between
the viewable video index and these other sources of informa-
tion.

The viewable video index may also be associated with a
particular video capture device and may be marked with an
identifier of the particular video capture device, i.e. a camera
identifier may be stored in association with a viewable video
index generated based on an input video stream from that
camera. A data structure may be maintained that indicates the
orientation of a plurality of video capture devices in a par-
ticular area and the positional relationship between these
video capture devices. This information may be correlated
with the movement of the objects represented by the viewable
video index to determine to which video capture area the
object moved when it moves outside of the current video
capture area. In this way, by associating the identifier of the
particular video capture device with information maintained
regarding the layout of video capture devices at a particular
location, “camera-handoft” for tracking an object as it crosses
multiple video capture areas is made possible. These and
other uses and implementations of the present invention as are
apparent to those of ordinary skill in the art in view of the
above description, are intended to be within the spirit and
scope of the present invention.

It is important to note that while the present invention has
been described in the context of a fully functioning data
processing system, those of ordinary skill in the art will
appreciate that the processes of the present invention are
capable of being distributed in the form of a computer read-
able medium of instructions and a variety of forms and that
the present invention applies equally regardless of the par-
ticular type of signal bearing media actually used to carry out
the distribution. Examples of computer readable media
include recordable-type media, such as a floppy disk, a hard
disk drive, a RAM, CD-ROMs, DVD-ROMs, and transmis-
sion-type media, such as digital and analog communications
links, wired or wireless communications links using trans-
mission forms, such as, for example, radio frequency and
light wave transmissions. The computer readable media may
take the form of coded formats that are decoded for actual use
in a particular data processing system.
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The description of the present invention has been presented
for purposes of illustration and description, and is not
intended to be exhaustive or limited to the invention in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art. The embodiment
was chosen and described in order to best explain the prin-
ciples of the invention, the practical application, and to enable
others of ordinary skill in the art to understand the invention
for various embodiments with various modifications as are
suited to the particular use contemplated.

What is claimed is:

1. A method, in a data processing system, for representing
an input video data stream on a computing device, compris-
ing:

receiving the input video data stream;

identifying a background image and at least one moving

object in the input video data stream;

tracking at least one parameter of the at least one moving

object over time in the input video data stream to thereby
generate tracking information;

determining user selected parameters for generation of a

viewable video index, wherein the user selected param-
eters include a bandwidth requirement for the comput-
ing device;

generating the viewable video index based on the user

selected parameter, wherein the viewable video index
identifies the tracking information, the at least one mov-
ing object and the background image, and wherein gen-
erating the viewable video index based on the user
selected parameters includes determining at least one of
an amount and a type of information that may be
included in the viewable video index based on the band-
width requirement; and

transmitting the viewable video index to the computer

device.

2. The method of claim 1, wherein the at least one param-
eter ofthe atleast one moving object includes a position of the
at least one moving object, a size of the at least one moving
object, and an orientation of the at least one moving object.

3. The method of claim 1, wherein the viewable video
index identifies a model to be used when generating a repre-
sentation of the at least one moving object.

4. The method of claim 1, further comprising:

receiving the viewable video index at the computing

device; and

generating a graphical representation of the input video

data stream based on the viewable video index.

5. The method of claim 4, wherein generating a graphical
representation of the input video data stream includes super-
imposing a model of the at least one moving object over the
background image and moving the model over the back-
ground image in accordance with the tracking information.

6. The method of claim 4, wherein generating a graphical
representation of the input video data stream based on the
viewable video index includes:

determining if either the tracking information, the back-

ground image or a model of the at least one moving
object are not present locally on the computing device;
and

transmitting a request to a source of the viewable video

index for either the tracking information, the back-
ground image or the model of the at least one moving
object if either the tracking information, the background
image or the model is not present locally on the comput-
ing device.
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7. A method, in a data processing system, for generating a
representation of a video data stream, comprising:
receiving a viewable video index corresponding to a por-
tion ofthe video data stream, wherein the viewable video
index correlates tracking information with foreground
object information and background object information;

determining if either a foreground object model, a back-
ground image, or the tracking information is not present
in a local storage device;
requesting the foreground object model, the background
image, or the tracking information from a source of the
viewable video index if either the foreground object
model, the background image or the tracking informa-
tion is not present in the local storage device.

superimposing the foreground object model over the back-
ground image based on the foreground object informa-
tion and background object information in the viewable
video index; and

graphically moving the foreground object model over the

background image based on the tracking information.

8. The method of claim 7, further comprising:

retrieving either the foreground object model, the back-

ground image, or the tracking information from the local
storage device rather than sending a request to the source
of the viewable video index, if either the foreground
object model, the background image, or the tracking
information is stored in the local storage device.

9. The method of claim 7, wherein the video data stream is
not received prior to generating the representation of the
video data stream.

10. The method of claim 7, further comprising:

parsing the tracking information for event information; and

generating a graphical timeline with event markers based

on the tracking information and event information.

11. The method of claim 10, wherein the event markers are
selectable to thereby jump the representation ofthe video data
stream to a time point corresponding to a selected event
marker.

12. The method of claim 7, wherein the background object
information includes information indicating when a back-
ground image is to be changed in the representation of the
video data stream, and wherein superimposing a foreground
object model over a background image includes changing the
background image from a previous background image to a
current background image based on the information indicat-
ing when the background image is to be changed.

13. A computer readable medium encoded with a computer
program for representing an input video data stream on a
computing device, wherein the computer program product
comprises:

first instructions for receiving the input video data stream;

second instructions for identifying a background image

and at least one moving object in the input video data
stream;
third instructions for tracking at least one parameter of the
at least one moving object over time in the input video
data stream to thereby generate tracking information;

fourth instructions for determining user selected param-
eters for generation of the viewable video index, wherein
the user selected parameters includes bandwidth
requirement for the computing device;

fifth instructions for generating a viewable video index

based on the user selected parameters, wherein the view-
able video index identifies the tracking information, the
at least one moving object and the background image;
and
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sixth instructions for transmitting the viewable video index

to the computing device.
14. The computer program product of claim 13, wherein
the at least one parameter of the at least one moving object

includes a position of the at least one moving object, a size of 5

the at least one moving object, and an orientation of the at
least one moving object.

15. The computer readable medium of claim 13, wherein
the viewable video index identifies a model to be used when
generating a representation of the at least one moving object.

16. The computer readable medium of claim 13, wherein
the computer program further comprises:

seventh instructions for receiving the viewable video index

at the computing device; and

eighth instructions for generating a graphical representa-

tion of the input video data stream based on the viewable
video index.

17. The computer program product of claim 16, wherein
the eighth instructions for generating a graphical representa-
tion of the input video data stream include instructions for
superimposing a model of the at least one moving object over
the background image and moving the model over the back-
ground image in accordance with the tracking information.

18. The computer program product of claim 16, wherein
the eighth instructions for generating a graphical representa-
tion of the input video data stream based on the viewable
video index include:

instructions for determining if either the tracking informa-

tion, the background image or a model of the at least one
moving object are not present locally on the computing
device; and
instructions for transmitting a request to a source of the
viewable video index for either the tracking information,
the background image or the model of the at least one
moving object if either the tracking information, the
background image or the model is not present locally on
the computing device.
19. A computer readable medium encoded with a computer
program for generating a representation of a video data
stream, comprising:
first instructions receiving a viewable video index corre-
sponding to a portion of the video data stream, wherein
the viewable video index correlates tracking informa-
tion with foreground object information and background
object information;
second instruction for determining if either a foreground
object model, a background image, or the tracking infor-
mation is not present in a local storage device; and

third instructions for requesting either the foreground
object model, the background image, or the tracking
information from a source of the viewable video index if
either the foreground object model, the background
image or the tracking information is not present in the
local storage device.

fourth instructions superimposing the foreground object

model over the background image based on the fore-
ground object information and background object infor-
mation in the viewable video index; and

fifth instructions for graphically moving the foreground

object model over the background image based on the
tracking information.

20. The computer program product of claim 19, further
comprising:

sixth instructions for retrieving either the foreground

object model, the background image, or the tracking
information from the local storage device rather than
sending a request to the source of the viewable video
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index, if either the foreground object model, the back-
ground image, or the tracking information is stored in
the local storage device.

21. The computer program product of claim 19, wherein
the video data stream is not received prior to generating the
representation of the video data stream.

22. The computer readable medium of claim 19, further
comprising:
sixth instructions for parsing the tracking information for
event information; and

seventh instructions for generating a graphical timeline
with event markers based on the tracking information
and event information.

23. The computer program product of claim 22, wherein
the event markers are selectable to thereby jump the repre-
sentation of the video data stream to a time point correspond-
ing to a selected event marker.

24. The computer readable medium of claim 19, wherein
the background object information includes information indi-
cating when a background image is to be changed in the
representation of the video data stream, and wherein super-
imposing a foreground object model over a background
image includes changing the background image from a pre-
vious background image to a current background image
based on the information indicating when the background
image is to be changed.

25. An apparatus, for representing an input video data
stream on a computing device, comprising:

means for receiving the input video data stream;

means for identifying a background image and at least one
moving object in the input video data stream;

means for tracking at least one parameter of the at least one
moving object over time in the input video data stream to
thereby generate tracking information;

means for determining user selected parameters for gen-
eration of a viewable video index, wherein the user
selected parameters include a bandwidth requirement
for the computing device;

means for generating the viewable video index based on
the user selected parameter, wherein the viewable video
index identifies the tracking information, the at least one
moving object and the background image, and wherein
generating the viewable video index based on the user
selected parameters includes determining at least one of
an amount and a type of information that may be
included in the viewable video index based on the band-
width requirement; and

means for transmitting the viewable video index to the
computing device.

26. An apparatus for generating a representation of a video

data stream, comprising:

means for receiving a viewable video index corresponding
to a portion of the video data stream, wherein the view-
able video index correlates tracking information with
foreground object information and background object
information;

means for determining if either a foreground object model,
a background image, or the tracking information is not
present in a local storage device;
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means for requesting either the foreground object model, information and background object information in the
the background image, or the tracking information from viewable video index; and
a source of the viewable video index if either the fore- means for graphically moving the foreground object model
ground object model, the background image or the track- over the background image based on the tracking infor-
ing information is not present in the local storage device; 5 mation.

means for superimposing the foreground object model over
the background image based on the foreground object ¥ % % % %



