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METHODS AND SYSTEMS FOR PRODUCING
A VIDEO SYNOPSIS USING CLUSTERING

RELATED APPLICATIONS

This application is a continuation-in-part application of
U.S. Ser. No. 12/093,684, now U.S. Pat. No. 8,102,406 B2,
“Method and System for Producing a Video Synopsis™ (Peleg
et al.) filed Oct. 8, 2008, which is a 371 of international
application number PCT/IL06/01320 “Method and System
for Producing a Video Synopsis” (Peleg et al.) filed Nov. 15,
2006, which claims the benefit of U.S. Ser. No. 60/736,313
“Dynamic Video Synopsis” (Peleg et al.) filed Nov. 15, 2005
and claims the benefit of U.S. Ser. No. 60/759,044 “Dynamic
Video Editing” (Rav-Acha et al.) filed Jan. 17, 2006. This
application is also a continuation-in-part application of U.S.
Ser. No. 12/522,843, now U.S. Pat. No. 8311,277 B2,
“Method and System for Video Indexing and Video Synop-
sis” (Peleg et al.) filed Jul. 10, 2009, which is a 371 of
international application number PCT/IL07/01520 “Method
and System for Video Indexing and Video Synopsis” (Peleg et
al.) filed Dec. 9, 2007, which claims the benefit of U.S. Ser.
No. 60/898,698 “A Global Webcam Service” (Peleg et al.)
filed Feb. 1, 2007 and claims the benefit of U.S. Ser. No.
60/911,839 “Webcam Synopsis” (Peleg et al.) filed Apr. 13,
2007 and claims the benefit of U.S. Ser. No. 60/971,582
“Video Synopsis and Indexing” (Peleg et al.) filed Sep. 12,
2007. This application further claims the benefit of U.S. Ser.
No. 61/116,646 (Peleg et al.) filed Nov. 21, 2008. The con-
tents of all the aforementioned applications are incorporated
herein by reference in their entireties.

TECHNICAL FIELD

The present disclosure relates to methods, systems, and
techniques in the field of video summarization and video
indexing.

BACKGROUND

Video surveillance cameras have become very popular
owing to the low cost of video cameras and disk storage used
to record the video and the availability of networked cameras
allowing a simple video transfer over the network. Costs have
become so affordable that people even install surveillance
cameras in private homes. The video generated from most
surveillance cameras is recorded in huge video archives.

Most installed video cameras record the video in DVRs
(Digital Video Recorders) or NVRs (Network Video Record-
ers). Normally, no one views the recorded video. Finding
activities in video archives presents a significant problem.
Automated video analysis approaches for finding activities of
interest are making continuous progress, but are still far from
giving satistying solutions. Summarization methods enable
more efficient human browsing in video [8, 11], but create
summaries that are either too long or are confusing.

Video analytics systems, which aim at understanding sur-
veillance video, are useful in providing simple alerts. Auto-
matic methods to detect entrance into areas that should be off
limits, or to detect crossing from one image region to another
image region, provide accurate alerts with almost no errors.
But many cases are still too difficult even for the best video
analytics systems, while a human observer could have made
a fast and accurate decision. Despite much research on the
detection of suspicious behavior, for example, human perfor-
mance is still much better than automatic decisions.

20
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2

Many different approaches have been proposed for video
summarization. Most methods generate a static description,
usually as a set of keyframes. Other methods use adaptive fast
forward [7, 1], skipping irrelevant periods.

WO 07/057893 (Rav-Acha et al.) discloses a method for
creating a short video synopsis of a source video wherein a
subset of video frames is obtained in a source sequence that
show movement of at least one object that is a connected
subset of pixels from at least three different frames of the
source video. At least three source objects are selected from
the source sequence, and one or more synopsis objects are
temporally sampled from each selected source object. For
each synopsis object a respective display time is determined
for starting its display in the synopsis video, and the video
synopsis is generated by displaying selected synopsis objects
each at its respective predetermined display time without
changing the spatial location of the objects in the imaged
scene such that at least three pixels, each derived from differ-
ent respective times in the source sequence, are displayed
simultaneously in the synopsis video.

WO 08/004222 describes an extension to this approach that
is adapted for the generation of a video synopsis from a
substantially endless source video stream as generated by a
video surveillance camera. Object-based descriptions of at
least three different source objects in the source video stream
arereceived in real time, each source object being a connected
subset of image points from at least three different frames of
the source video stream. A queue of received object-based
descriptions is continuously maintained and includes for each
respective source object its duration and location. A subset of
at least three source objects is selected from the queue based
on given criteria, and one or more synopsis objects are tem-
porally sampled from each selected source. For each synopsis
object a respective display time for starting its display in the
video synopsis is determined, and the video synopsis is gen-
erated by displaying selected synopsis objects or objects
derived therefrom each at its respective predetermined dis-
play time, such that at least three points, each derived from
different respective times in the source video stream, are
displayed simultaneously in the synopsis video and at least
two points, both derived from the same time, are displayed at
different times in the video synopsis.

WO 08/004222 also discloses indexing the video synopsis
by clustering objects into clusters of similar objects. This
facilitates browsing of the video synopsis and may be done
using any clustering method, for example by building an
affinity (similarity) matrix based on some similarity measure
between every pair of objects.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is
provided method of summarizing a source video sequence.
The method may include the following steps: receiving fea-
tures descriptive of selected source objects presented in the
source video sequence over a selected time interval, wherein
the source objects represent moving objects appearing in the
source video; clustering the source objects into clusters such
that each one of the clusters includes source objects that are
similar in respect to one of the features or a combination of the
features; and generating a synopsis video sequence, based on
the clusters, wherein the synopsis video sequence presents
simultaneously temporally sampled source objects that: (i)
relates with one of the clusters, and (ii) appear at different
times in the source video sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

Inorderto understand the present disclosure and to see how
it may be carried out in practice, embodiments will now be
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described, by way of non-limiting examples only, with refer-
ence to the accompanying drawings, in which:

FIGS. 1a to 1d shows results of unsupervised spectral
clustering using appearance features for a video from the
PETS database;

FIGS. 2a to 2f'show results of unsupervised spectral clus-
tering using appearance and motion;

FIGS. 3a to 3/ show performing two steps of unsupervised
spectral clustering;

FIGS. 4a to 4d show selection of similar objects using a
nearest neighbor approach;

FIGS. 5a to 5d show motion trajectories of objects;

FIGS. 6a to 6e show clustered summaries of SVM classi-
fication;

FIG. 7 is an example block diagram showing functionality
of'an example system for generating a compact video synop-
sis using a clustering method according to example embodi-
ments of a video synopsis system; and

FIG. 8 is an example flow diagram showing the principal
operations carried out by an example method for unsuper-
vised spectral clustering.

DETAILED DESCRIPTION

Embodiments of the present disclosure provides an
improved clustering method, system, and technique that may
be used with any type of video synopsis technique, regardless
of whether the video synopsis is finite or substantially end-
less.

These aspects may be realized by a method for summari-
zation, searching, and indexing of video, said method com-
prising:

receiving data related to objects detected in the video in a
selected time interval;

clustering objects into clusters such that each cluster
includes objects that are similar in respect to a selected feature
or a combination of features; and

generating a video summary based on the computed clus-
ters.

The techniques described herein build upon video summa-
rization approaches that simultaneously display activities
which originate from different times. These methods tend to
create confusing summaries by mixing together different
activities, and the techniques described herein propose prior
clustering of the activities into similar clusters. Such an
approach achieves three benefits for video summaries: (i)
similar activities pack together more efficiently into shorter
video summaries; (ii) these summaries are very clear, as it is
easy to view multiple similar activities; (iii) irregular activi-
ties are easier to detect. In addition to simple video summa-
rization, clustered summaries can help in structured browsing
of objects, and in preparing samples for training classifiers.
The accuracy of classifiers can be checked as well on thou-
sands of objects.

Activities

The basic element used by embodiments of the video sum-
marization system described herein is an activity, which is
simply a dynamic object. The object is detected in a sequence
of frames, and each activity is therefore represented by a
sequence of object masks in those frames. In addition to the
object mask in each frame, an object has a rectangular bound-
ing box called the ROI (Region of Interest). The information
for each activity A, includes the following:

Ai:(lsi:leix {Mti,Rti,}lSSlSlc) (6]
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4

where t, and t_ are the start and end frames for this activity, M,
is the object mask for frame t which includes pixel colors, and
Rt is the ROI for frame t.

Activity Extraction

Any method that can produce the activity description of
object masks along video frames as in Eq. (1) is suitable for
clustered summarization. There are numerous methods that
segment moving objects fairly well. In one embodiment, a
simplification of [9] was used to compute activities. This
method combines background subtraction together with min-
cut to get segmentation of moving objects. But other methods
for the detection of moving objects are also suitable.

Tubelets: Short Activity Segments

In order to enable the analysis of objects performing mul-
tiple activities, objects can be broken into sub-parts called
“tubelets”. Tubelets have a predefined maximal length (one
embodiment uses 50 frames), and can overlap with other
tubelets (one embodiment uses 50% overlap between tube-
lets). The division into tubelets has the following benefits:

Activities vary substantially in length. By breaking into
tubelets activities of similar lengths can be compared.

Long activities may be composed from parts having differ-
ent dynamics. Tubelets are more likely to have a single,
simple, motion.

Different objects may intersect in the video frames, creat-
ing complex activities composed from different objects.
Most tubelets include a single object since they are
shorter.

After clustering the tubelets, overlapping tubelets that were

clustered together are merged into a longer activity.

Activity Features

Features that can be used for clustering include appearance
(image) features and motion features. SIFT (Scale-invariant
feature transform) descriptors [5] were found to be highly
discriminative, and in one embodiment SIFT descriptors
were used as appearance features. For each object, multiple
SIFT features are computed inside the object masks in the
relevant frames. This large collection of SIFT features can be
used to estimate appearance similarity between objects. For
efficiency, we can randomly select a predetermined number
of features for the initial unsupervised clustering. In some
embodiments reduced to practice, 200 SIFT features were
selected from each activity.

For representing the motion of objects, a smooth trajectory
from the center of the object is used. The trajectory of an
object (activity) A, is a sequence of frame by frame features,
including for every frame t at least three features: x.y/.r;
which represent the X, y coordinates of the centroid of the
object, as well as the radius of the object. Shorter motion
descriptors can be used by sampling fewer frames from the
activity.

Similarity Between Activities

In order to cluster together similar activities, a distance
metric between activities is needed. A symmetric distance
between activities is needed for use in spectral clustering that
will be used in Sec. 3.3. In one embodiment, a distance used
is based on two components, as described in this section: (i)
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Features that are derived from the shape of the objects (Eq. 2),
and features that are derived from the motion of the objects

(Eq. 6).
Appearance Distance

For the appearance distance between two activities the NN
(Nearest Neighbor) estimate computed from the distance
between their SIFT descriptors can be used. A simple squared
distance can be used as a distance between SIFT descriptors,
but other distances such as the distance proposed in [5] can be
used as well. Let S;” be the k’s SIFT descriptor of activity A,
and let S/ be the SIFT descriptorin A, closestto S,. Similarly,
S, is the closest descriptor in A, to S;/.

The appearance distance Sd,; between activities A, and A;
is:

@

1 P -
Sd‘-jm(zk: Isi = 5| +Zk:|skf —sk|]

where N is the number of SIFT descriptors in each activity.
This measure follows the nearest neighbor distance promoted
in [2], which has been found to be very effective in experi-
ments.

3.2. Motion Distance

Motion similarity between two activities is especially use-
ful for the construction of summaries that display simulta-
neously multiple objects. Given two activities A, and A, a
motion distance is computed between them for all temporal
shiftsk of A, Let]_be the time length of activity A_, let T, (k)
be the time period common to A, and to A, after the latter has
been temporally shifted by k, and let

min(l;, 1)
T;;(k)

©)

wik) =

be a weight encouraging a long temporal overlap between
temporally shifted activities.
The separation between the activities is:

Sepyty= 3 [d =)’ + 0= 3l)'] @

T3k

The motion distance between A, and the shifted A; is
defined as follows:

w(k) "
msepij( )

Mdjj(k) = ®)

The elements in the motion distance Md, (k) minimize the
spatial separation between the activities (4), and increase the
temporal overlap between the activities as represented by w
(3). Dividing by the temporal overlap T, (k) is a normalization
to a “per frame” measure.

When the motion distance between two activities should
not depend on the object location in the image, the two cen-
troids are computed for the respective activities in T,,(k), the
time period common to the two activities. The two objects are
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6
spatially shifted to a common centroid before computing
Md, (k) (Bq. 5). The final motion distance between A, and A,
is a minimum over all temporal shifts k:

Md; = minMd;(k) 6)

3.3. Unsupervised Clustering

For unsupervised clustering, a distance measure D,
defined between activities A; and A, from the appearance
distance Sd,; (Eq. 2) and the motion distance Md,; (Eq. 6) can
be used.

Dy=aSd+(1-0)Md,, %)

The parameter o controls the preference between motion

and appearance. From Dij an affinity matrix M is generated:
M(i,j)=M{j,i)=exp(-D,/0) ®

where o is a constant scale factor used for normalization. The
normalized-cut approach [10] is used to cluster the data given
the affinity matrix M. Doubly stochastic normalization of the
input affinity matrix can be used to improve spectral cluster-
ing results as proposed by [12]. Examples showing the results
of clustering are shown in FIGS. 1 and 2 both of which show
results of unsupervised spectral clustering using appearance
and motion.

In FIGS. 14 to 1d, the people and cars are separated well
into two clusters, one cluster for people and another cluster
for cars. FIGS. 1a and 156 show two frames from the two
summaries each made from a different single cluster, the
cluster of FIG. 1a being composed of cars and the cluster of
FIG. 15 being composed of people. FIGS. 1¢ and 14 show
corresponding motion paths of the objects in the displayed
cluster, each object being shown as a curve in x-t.

In FIGS. 2a-f, the left column uses only the appearance
features, and the right column uses only the motion features.
FIGS. 2a and 256 show affinity matrices after clustering to two
classes. FIGS. 2¢ and 2d each show an image from a summary
generated from one cluster. FIGS. 2¢ and 2f show motion
paths of the objects in the displayed cluster, each object being
shown as a curve in x-t. The shape cluster (left) picks up
objects having uniform appearance as shown in FIGS. 2¢ and
2d, while the motion cluster (right) picks up objects having
similar motion shown in FIGS. 2e and 2f.

Performing unsupervised clustering on one set of features
can be followed by taking the resulting clusters, and on each
cluster performing clustering using a different set of features.
This is shown in FIG. 3, where two SIFT clusters were first
generated, and on each SIFT cluster motion clustering has
been applied. This resulted in four clusters, each having dif-
ferent appearance and motion.

FIGS. 3a and 34 show two SIFT-based clusters, with a
good separation between the man and the woman. FIGS. 3¢
and 3d shows the respective motion paths of the clusters in
FIGS. 3a and 35 as curves in x-t. FIGS. 3e to 3/ show further
clustering on the man cluster using motion features. The man
walking left and the man walking right are the two new
clusters. FIGS. 3/ to 3/ show further clustering on the woman
cluster using motion features. The woman walking left and
the woman walking right are the two new clusters.

4. Creating Summaries
Given a set of objects or activities, a summarization video

can be generated displaying these objects with minimal
length and minimum collisions between them.
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This is done by assigning each object its start play time in
the summary. This mapping from objects to play times can be
performed in three stages:

1. Objects are clustered based on the packing cost (Eq. 11)

defined in Section 4.1.

2. Play time is assigned to objects within each cluster.

3. Play time is assigned to each cluster.

These steps will be described in detail in this section. Once
each object is assigned its play time, the output summary can
be generated by playing the objects over the background at
the assigned times. For example, the video used in FIGS. 1a
and 15 was originally 5 minutes long, and using clustered
synopsis the summary including all activities is about 20
seconds long.

Another example for simple browsing of surveillance
video is shown in FIGS. 4a to 4¢ where similar objects are
selected using a nearest neighbor approach. In viewing the
video, users typically prefer to watch only the people, or only
the cars. The fastest approach is to select a few objects in the
desired class, and pick up appropriate similar objects using a
nearest neighbor approach, and display them in a video sum-
mary.

FIG. 4a shows objects found to be closest to two selected
cars, while FIG. 45 shows objects found to be closest to two
selected people. FIG. 4¢ shows motion trajectories of the cars
in the summary and FIG. 44 shows motion trajectories of the
people in the summary.

4.1. Packing Cost

The packing cost between two activities generally should
indicate how efficiently the activities can be played together.
The activities should have similar motion, and for some tem-
poral shift they should play simultaneously with minimal
collisions and with minimal increase of the length of the
video.

The packing cost is very similar to the motion distance in
Sec. 3.2, with the following modifications (i) There is no
spatial shift of the activities. (ii) A collision cost Col (k) is
added between objects, defined as follows:

Colyy= > | =2/ + =" <o+ 0’| O

1€T;(0)

where r; is the radius of object A, in frame t, and r,,/ is the
radius of A; in frame t+k. Col, (k) counts the number of
collisions for the temporal shift k, where a collision occurs
when the separation between the object centers is smaller
than the sum of the radiuses of the two objects.

The packing cost for temporal shift k is defined using the
motion distance (5) and the collision cost (9):

Pley(Rk)=oMd,y(k)+pCol (k) (10)

Finally, the packing cost for the two activities is the mini-
mum over all temporal shifts:

Pl = minPky () (11

The packing cost Pk, between two objects is used for
clustering before arrangement into the video summary. FIG.
5 is an example for the clustering into three clusters of a set of
objects based on the packing cost.
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FIG. 5a shows motion trajectories of all input objects as
curves in x-t. FIGS. 56-5¢ show motion trajectories of two
clusters using the packing cost. FIG. 54 shows motion trajec-
tories of a complete summary. It should be noted that there are
no confusing intersections.

4.2. Object Arrangement within Cluster

Once the objects are clustered based on the packing cost of
Eq. (11), each cluster contains objects that can be packed
efficiently. In orderto create a summary video from all objects
in such a cluster, the starting play times for all objects are
determined. These starting play times generate a short but
easy to watch video. Since all objects in a cluster already have
a similar motion, the play time is determined to minimize
both total playing time and also to minimize collisions
between objects. This is done using the packing cost as
defined in (10). Since optimal packing is a difficult problem,
the following optimization gives good results.

The technique starts with an empty set G of objects with
temporal mapping. The mapping of each object into its play
time is determined starting with the object having the longest
duration, which is placed arbitrarily, and added to G. The
technique continues with the longest object outside G, and
determine its time mapping k as the time mapping which
minimizes the sum over all its frames of the packing costs
Pk, (k) between the current object and the object in G closest
to it in each of the frames. In this computation, the temporal
overlap T, (k) is the temporal overlap with the set G. Every
object is added to G after its time mapping has been deter-
mined. This temporal mapping continues until all objects are
mapped into play time. An example of such temporal arrange-
ments is shown in FIGS. 54-d.

Computing the packing costs Pk, (k), involves computing
the collisions of one object with the nearest object from a
collections of objects, using the efficient approximate k-near-
est neighbors algorithm and kd-tree implementation of [6].
The expected time for a NN search is logarithmic in the
number of elements stored in the kd-tree.

4.3. Combining Different Clusters

The combination of different clusters is done similarly to
the combination of individual objects. While objects in a
cluster have their relative playing time, a global playing time
is assigned to each cluster. This is performed similarly to
assigning time to individual objects. An arbitrary playing
time is assigned to the cluster having maximal number of
objects. Next, the largest cluster with unassigned playing time
is assigned a global time minimizing collision with the clus-
ters whose time has already been assigned. This is repeated
for each remaining cluster until all of the clusters have been
assigned playing times.

5. Training and Testing Supervised Classifiers

Training a supervised classifier, e.g. SVM [3], requires a
large training set of tagged samples. Building such a large
training set is especially time consuming for surveillance
video, as there are thousand of objects to classify. Clustered
summaries can make the building of the training set fast and
efficient.

One possible approach for building the training set is the
use of unsupervised clustering to create approximate clusters.
Another approach can be the tagging of a single sample, and
using a nearest neighbor approach to tag other samples. While
these approaches can create quickly large training sets, they
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have errors that need to be corrected. Clustered summaries
can display in a very short time the created sets, allowing the
creation large and accurate training sets with minimal effort
and time.

Once a working classifier has been trained, a clustered
summary is the most efficient way to test its performance. The
alternative of spending many hours to watch the resulting
classification is not practical.

The training set for the example in FIG. 6 has about 100
tubelets. Instead of tagging 100 tubelets individually, unsu-
pervised clustering allowed the creation of the training set
with only 10 key clicks following unsupervised clustering.

FIGS. 6a to 6e show clustered summaries of the SVM
classification of 100 tubelets using motion features. A simple
view of the classification results, assuming 10 seconds for
each tubelet, takes about 20 minutes, while the length of the
clustered summary is less than 2 minutes. The left column is
the motion trajectory of the objects, and the right column is
one frame from the clustered summary. The classes are as
follows: FIG. 6a walking left; FIG. 65 walking right; FIG. 6¢
running left; FIG. 64 running right; and FIG. 6e standing and
waving.

Referring now to FIG. 7, there is shown an example block
diagram of a system 10 according to the example techniques
described for generating a synopsis video from a source video
captured by a camera 11. The system 10 includes a video
memory 12 for storing a subset of video frames of the first
source video that shows movement of at least one object
comprising a plurality of pixels located at respective x, y
coordinates. A pre-processor 13 processes the captured video
on line. The pre-processor 13 may be adapted to pre-align the
video frames and store the pre-aligned video frames in the
video memory 12.

The pre-processor 13 detects objects in the source video
and queues the detected objects in an object memory 16. The
pre-processor 13 is used when creating a synopsis video from
anendless source video. When creating a synopsis video from
a source video that is not endless, the pre-processor 13 may be
omitted and the system may be adapted to be coupled to the
object memory 16 for manipulating the object queue so as to
create a synopsis video according to defined criteria.

To this end, a user interface 17 is coupled to the object
memory 16 for allowing user-defined constraints to be
defined. Such constraints may be used, for example, to define
a time window within the source video to be summarized. It
may also be used to define the required duration of the syn-
opsis video. The user interface 17 is also used to select objects
or object classes for indexing purposes. It will be appreciated
that the constraints may also be predefined, in which case
some embodiments of the video synopsis system will not
require the user interface 17.

A source object selector 18 is coupled to the object memory
16 for selecting from the subset different source objects
according to the user-defined constraints or to default con-
straints defined by the system. A clustering unit 19 is coupled
to the source object selector 18 for clustering objects accord-
ing to defined criteria, which may be specified by the user
using the user interface 17. The clustering unit 19 clusters the
objects into clusters such that each cluster includes objects
that are similar in respect to a selected feature or a combina-
tion of features. A synopsis object sampler 20 is coupled to
the clustering unit 19, for sampling from each selected source
object one or more synopsis objects by temporal selection
using image points derived from some selected frames. The
“sampler” may be used to change the speed of individual
objects. A frame generator 21 includes a cluster selector 22
that allows only selected clusters to be included in the syn-
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opsis video. The frames of the synopsis video are stored in a
synopsis frame memory 23 for subsequent processing or dis-
play by a display unit 24 that displays the temporally shifted
objects at their specified time and color transformation.

The system 10 may in practice be realized by a suitably
programmed general purpose or a special purpose computer/
computing system having a graphics card or workstation and
suitable peripherals, all as are well known in the art. Accord-
ingly, program code for implementing the embodiments
described herein, including the clustering, synopsis, and
other techniques, may be stored in a computer-readable
medium, such as a machine-readable memory tangibly
embodying a program of instructions, and executed by one or
more processors of the computing system.

The embodiments described above may also use well-
known or proprietary synchronous or asynchronous client-
server computing techniques. However, the various compo-
nents may be implemented using more monolithic
programming techniques as well, for example, as an execut-
able running on a single CPU computer system, or alternately
decomposed using a variety of structuring techniques known
in the art, including but not limited to, multiprogramming,
multithreading, client-server, or peer-to-peer, running on one
or more computer systems each having one or more CPUs.
Some embodiments execute concurrently and asynchro-
nously and communicating using message passing tech-
niques. Equivalent synchronous embodiments are also sup-
ported. In addition, programming interfaces to the
summarization and other data can be available by standard
means such as through C, C++, C#, and Java APIs; libraries
for accessing files, databases, or other data repositories;
through scripting languages such as XML; or through Web
servers, FTP servers, or other types of servers providing
access to stored data.

Also the computing system may be implemented in a dis-
tributed environment comprising multiple, even heteroge-
neous, computer systems and networks. Also, one or more of
the components may themselves be distributed, pooled or
otherwise grouped, such as for load balancing, reliability or
security reasons. Different configurations and locations of
programs and data are contemplated for use with techniques
of described herein.

Furthermore, in some embodiments, some or all of the
components of the may be implemented or provided in other
manners, such as at least partially in firmware and/or hard-
ware, including, but not limited to one or more application-
specific integrated circuits (ASICs), standard integrated cir-
cuits, controllers (e.g., by executing appropriate instructions,
and including microcontrollers and/or embedded control-
lers), field-programmable gate arrays (FPGAs), complex pro-
grammable logic devices (CPLDs), etc. Some or all of the
system components and/or data structures may also be stored
(e.g., as executable or other machine readable software
instructions or structured data) on a computer-readable
medium (e.g., a hard disk; a memory; a network; or a portable
media article to be read by an appropriate driver or via an
appropriate connection). Some or all of the system compo-
nents and data structures may also be transmitted via gener-
ated data signals (e.g., as part of a carrier wave or other analog
or digital propagated signal) on a variety of computer-read-
able transmission mediums, including wireless-based and
wired/cable-based mediums, and may take a variety of forms
(e.g., as part of a single or multiplexed analog signal, or as
multiple discrete digital packets or frames). Such computer
program products may also take other forms in other embodi-
ments. Accordingly, embodiments of this disclosure may be
practiced with other computer system configurations.



US 8,949,235 B2

11

FIG. 8 is a flow diagram showing the principal operation
carried by the system 10 in accordance with example embodi-
ments.

Concluding Remarks

The clustered summaries techniques described herein
serve as an efficient method to browse and search surveillance
video. Surveillance videos are very long (actually they are
endless), and include many thousands of objects. Regular
browsing is practically impossible. In clustered summaries,
multiple objects having similar motion are shown simulta-
neously. This enables to view all objects in a much shorter
time, without losing the ability to discriminate between dif-
ferent activities. Summaries of thousands of objects can be
created in a few minutes (not counting object extraction time).

In addition to efficient viewing of all objects in the surveil-
lance video, clustered summaries are important for creating
examples for classifiers. Multiple examples can be prepared
and given to the learning mechanisms very quickly using
unsupervised clustering and clustered summaries. Even a
simple nearest neighbor classifier can initially be used,
cleaned up using clustered summaries, and the results givento
learning classifiers.

Clustered summaries can also be used for video browsing.
Instead of spending many hours to watch the captured video,
the clustered summaries methodology enables to browse the
video archive quickly and efficiently, and focus on a smaller
set of interesting objects. Browsing can be done by hierarchi-
cal application of clustered summaries. The user first selects
an interesting cluster, and then zooms-in on this cluster to
identify the interesting objects in it. Or the user can select
irrelevant clusters and remove their objects from the sum-
mary. The user may continue browsing by “cleaning” the
cluster using a supervised classifier, or by simply selecting
some nearest neighbors.

All of the above U.S. patents, U.S. patent application pub-
lications, U.S. patent applications, foreign patents, foreign
patent applications and non-patent publications referred to in
this specification and/or listed in the Application Data Sheet,
including but not limited to U.S. Provisional Patent Applica-
tion No. 61/116,646 filed Nov. 21, 2008, entitled “Clustered
Synopsis” is incorporated herein by reference, in its entirety.

From the foregoing it will be appreciated that, although
specific embodiments have been described herein for pur-
poses of illustration, various modifications may be made
without deviating from the spirit and scope of the present
disclosure. Also, the methods and systems discussed herein
are applicable to differing protocols, communication media
(optical, wireless, cable, etc.) and devices (such as wireless
handsets, electronic organizers, personal digital assistants,
portable email machines, game machines, pagers, navigation
devices such as GPS receivers, etc.).

The invention claimed is:

1. A method of summarizing a source video sequence, said
method comprising:

obtaining a source video being a sequence of video frames

which presents two or more source objects that are mov-
ing relative to a background;

receiving features descriptive of selected source objects

presented in the source video sequence over a selected
time interval, wherein the source objects represent mov-
ing objects appearing in the source video;

clustering the source objects into clusters such that each

one of the clusters includes source objects that are simi-
lar in respect to one of the features or a combination of
the features;
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selecting one or more of the clusters, and further selecting
source objects only from the selected one or more clus-
ters

generating synopsis objects by sampling respective source

objects;

generating a synopsis video only from the selected synop-

sis objects wherein the synopsis video has a playing time
which is shorter than the playing time of the source
video,

wherein two or more synopsis objects which are played at

least partially simultaneously in the synopsis video, are
generated from source objects that are captured at dif-
ferent times in the source video,

wherein two or more synopsis objects which are played at

different times in the synopsis video are generated from
source objects that are captured at least partially simul-
taneously in the source video.

2. The method of claim 1, further comprising computing a
temporal arrangement of some of the source objects in
smaller corresponding synopsis video sequences, each asso-
ciated with a single cluster, prior to the generating of the
synopsis video sequence.

3. The method of claim 2, wherein the generated synopsis
video sequence is created by rearranging the temporal
arrangement between selected clusters, while keeping the
previously computed temporal arrangement of objects inside
each cluster.

4. The method of claim 1, wherein the synopsis video
summary sequence is based on a subset of clusters selected
by: (1) viewing their summaries or (iii) selecting individual
objects that are members in these clusters.

5. The method of claim 1, when the generated summary is
made by selecting a predetermined number or a predeter-
mined ratio of objects from each cluster.

6. The method of claim 1, including further comprising
displaying a new synopsis video sequence that includes all
objects in one of the clusters.

7. The method of claim 1, wherein the features include
image appearance of the source objects and space-time tra-
jectory of the source objects.

8. The method of claim 1, wherein the synopsis video
sequence is usable selecting objects for training automatic
objects classifiers.

9. The method of claim 1, wherein the synopsis video
sequence is usable for testing performance of automatic
object classifiers.

10. The method of claim 1, further comprising: computing
additional features for at least some of the source objects prior
to the clustering.

11. A computer program product for summarizing a source
video sequence, the computer program product comprising:

a non-transitory computer readable medium having com-

puter readable program embodied therewith, the com-
puter readable program comprising:

computer readable program configured to obtain a source

video being a sequence of video frames which presents
two or more source objects that are moving relative to a
background;

computer readable program configured to receive features

descriptive of selected source objects presented in the
source video sequence over a selected time interval,
wherein the source objects represent moving objects
appearing in the source video;

computer readable program configured to cluster the

source objects into clusters such that each one of the
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clusters includes source objects that are similar in
respect to one of the features or a combination of the
features;

computer readable program configured to select one or
more of the clusters, and further select source objects
only from the selected one or more clusters;

computer readable program configured to generate synop-
sis objects by sampling respective source objects;

computer readable program configured to generate a syn-
opsis video only from the selected synopsis objects
wherein the synopsis video has a playing time which is
shorter than the playing time of the source video,

wherein two or more synopsis objects which are played at
least partially simultaneously in the synopsis video, are
generated from source objects that are captured at dif-
ferent times in the source video,

wherein two or more synopsis objects which are played at
different times in the synopsis video are generated from
source objects that are captured at least partially simul-
taneously in the source video.

12. A system for summarizing a source video sequence, the

system comprising:

a computer processor configured to obtain a source video
being a sequence of video frames which presents two or
more source objects that are moving relative to a back-
ground;

a source object selector executed by the computer proces-
sor and configured receive features descriptive of
selected source objects presented in the source video
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sequence over a selected time interval, wherein the
source objects represent moving objects appearing in the
source video;

a clustering unit executed by the computer processor and
configured to cluster the source objects into clusters
such that each one of the clusters includes source objects
that are similar in respect to one of the features or a
combination of the features, wherein the source object
selector is further configured to select one or more of the
clusters, and further select source objects only from the
selected one or more clusters;

a sampler executed by the computer processor configured
to generate synopsis objects by sampling respective
source objects; and

a frame generator executed by the processor and config-
ured to generate a synopsis video only from the selected
synopsis objects;

wherein the synopsis video has a playing time which is
shorter than the playing time of the source video,

wherein two or more synopsis objects which are played at
least partially simultaneously in the synopsis video, are
generated from source objects that are captured at dif-
ferent times in the source video,

wherein two or more synopsis objects which are played at
different times in the synopsis video are generated from
source objects that are captured at least partially simul-
taneously in the source video.
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