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METHOD, APPARATUS AND ARRANGEMENT FOR
SUMMARIZING AND BROWSING VIDEO CONTENT

TECHNICAL FIELD

The present principles relate generally to presenting video content and, more

particularly, to summarizing and browsing video content.

BACKGROUND

Many works try to represent a whole video sequence into a single static or
animated image. Given the desired dimensions of the output image, the idea is to
incorporate as many “interesting image regions” as possible within these fixed
dimensions. In such solutions, “interesting image regions” are usually key-frames.
Key-frames should be mutually distinct so that near duplicates are not selected. Such
key-frames are usually selected either manually or by uniform subsampling in time, or
automatically, for example, by using a shot and sub-shot detector. In the latter case,
for each sub-shot the frame with the best quality and the maximum saliency is
selected, or alternatively an objective function is minimized so that the selected key-
frames (their number is supposed to be fixed) are optimal in that they are the ones
among all the input frames that would enable the reconstruction of the complete
sequence with a minimum cost.

Once the representative frames or regions have been selected for the summary,
the next problem is to arrange them such that the output representation remains
compact and coherent and allows efficient browsing. Previous solutions that address

the browsing problem are really few.

SUMMARY OF THE INVENTION

Embodiments of the present principles are directed at least in part to
addressing the deficiencies of the prior art by providing a method and apparatus and
arrangement for summarizing and intra and inter-video browsing video content.
Various embodiments of the present principles provide a new compact representation
of an input video set that enables efficient temporal browsing inside a single input
video and also browsing from one video to another based on an inter-videos

relationship.
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In one embodiment of the present principles, an arrangement for the
presentation of a plurality of video sequences for viewing includes at least one
horizontal strip having time-sequenced video frames belonging to a single video
sequence and at least one vertical strip having a plurality of video frames belonging to
different video sequences, each of the plurality of video frames of the at least one
vertical strip having at least one feature in common. In such an embodiment the at
least one horizontal strip and the at least one vertical strip are configured to intersect
at a video frame of the at least one horizontal strip having the at least one feature in
common with the video frames in the at least one vertical strip.

In an alternate embodiment of the present principles, a method for arranging
video sequences for summarizing and browsing includes arranging video frames of a
single video sequence in at least one strip having a first direction, the at least one strip
arranged in the first direction having time-sequenced video frames, arranging video
frames of different video sequences in at least one strip having a second direction, the
frames of the at least one strip arranged in the second direction having at least one
feature in common and configuring the video frames of the at least one strip arranged
in the second direction to intersect the at least one strip arranged in the first direction
at a video frame of the at least one strip arranged in the first direction having the least
one feature in common with the video frames of the at least one strip arranged in the
second direction.

In an alternate embodiment of the present principles an apparatus for
arranging video sequences for summarizing and browsing includes a memory for
storing at least control programs, instructions, software, video content, video
sequences and data and a processor for executing the control programs and
instructions. In such an embodiment, when executing the control programs the
processor configures the apparatus to arrange video frames of a single video sequence
in at least one strip having a first direction, the at least one strip arranged in the first
direction having time-sequenced video frames, arrange video frames of different
video sequences in at least one strip having a second direction, the frames of the at
least one strip arranged in the second direction having at least one feature in common
and configure the video frames of the at least one strip arranged in the second
direction to intersect the at least one strip arranged in the first direction at a video

frame of the at least one strip arranged in the first direction having the least one
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feature in common with the video frames of the at least one strip arranged in the
second direction.

In alternate embodiment of the present principles a machine-readable medium
having one or more executable instructions stored thereon, which when executed by a
digital processing system causes the digital processing system to perform a method
for arranging video sequences for summarizing and browsing, the method includes
arranging video frames of a single video sequence in at least one strip having a first
direction, the at least one strip arranged in the first direction having time-sequenced
video frames, arranging video frames of different video sequences in at least one strip
having a second direction, the frames of the at least one strip arranged in the second
direction having at least one feature in common and configuring the video frames of
the at least one strip arranged in the second direction to intersect the at least one strip
arranged in the first direction at a video frame of the at least one strip arranged in the
first direction having the least one feature in common with the video frames of the at

least one strip arranged in the second direction.

BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present invention can be readily understood by
considering the following detailed description in conjunction with the accompanying
drawings, in which:

FIG. 1 depicts an exemplary representation of a collection of input video
sequences arranged in crossed horizontal and vertical strips in accordance with an
embodiment of the present principles;

FIG. 2 depicts an example of a temporal relationship between the two input
videos of FIG. 1 in accordance with an embodiment of the present principles;

FIG. 3a depicts an example of the display of two horizontal strips and one
vertical strip for summarizing and browsing video content in accordance with an
embodiment of the present principles;

FIG. 3b depicts an example of the display of two vertical strips and one
horizontal strip for summarizing and browsing video content in accordance with an

alternate embodiment of the present principles;
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FIG. 4a depicts an embodiment of the present principles in which a
configuration for summarizing and browsing content includes a single horizontal strip
and three vertical strips;

FIG. 4b depicts an embodiment of the present principles in which a
configuration for summarizing and browsing content includes a single vertical strip
and three horizontal strips;

FIG. 5 depicts an embodiment of the present principles in which a
configuration for summarizing and browsing content includes a single vertical strip
and two horizontal strips;

FIG. 6 depicts an example of a user interface in accordance with an
embodiment of the present principles;

FIG. 7 depicts a flow diagram of a method for summarizing and browsing
content in accordance with an embodiment of the present principles; and

FIG. 8 depicts a high level block diagram of an apparatus for implementing
the features of the present principles in accordance with an embodiment of the present
principles.

To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
drawings are not to scale, and one or more features may be expanded or reduced for

clarity.

DETAILED DESCRIPTION

Embodiments of the present principles advantageously provide a method, an
apparatus and an arrangement for summarizing and browsing video content.
Although the present principles will be described primarily within the context of
horizontal and vertical strips, the specific embodiments of the present principles
should not be treated as limiting the scope of the invention. It will be appreciated by
those skilled in the art and informed by the teachings of the present principles that the
concepts of the present principles can be advantageously applied to video frames
comprising strips oriented in substantially any direction.

The embodiments of the present principles leverage both width and height of a
dedicated space of a presentation space/display screen. The interactive representation

enables efficient intra and inter-video browsing while avoiding visual overload on a
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presentation space/display screen contrary to multi-track representation of, for
example, existing video editors.

More specifically, various embodiments of the present principles provide a
compact representation of a collection of input video sequences based on crossed
horizontal and vertical strips. In one embodiment, horizontal strips correspond to
key-frames of filmstrips or video sequences and vertical strips are composed of key-
frames from at least one different video having a common feature with a key-frame of
the horizontal sequence(s). The vertical key-frames are connected together based on a
common feature. For example, in one embodiment the key-frames can be connected
because they all contain the same detected and recognized face, or they all correspond
to the same scene captured roughly simultaneously but from different viewpoints.

Thus, in such embodiments a single horizontal strip summarizes a single input
video while enabling efficient intra-video browsing, as provided by a continuous
timeline on the x-axis and a single vertical strip enables efficient inter-video browsing
by presenting, to a user, key-frames coming from different videos while depicting
certain similarities.

Embodiments of the present principles leverage both width and height of a
dedicated space of a presentation space such as a display screen. The interactive
representation of the present principles enables efficient intra and inter-video
browsing while avoiding visual overload.

FIG. 1 depicts an exemplary representation of an arrangement 100 of input
video sequences arranged in crossed horizontal and vertical strips in accordance with
an embodiment of the present principles. In the embodiment of FIG. 1, the horizontal
strips 102 correspond to video sequences comprised of key-frames of a single video
sequence. The vertical strip 104 of FIG. 1 is composed of key-frames from various
different input videos. In accordance with various embodiments of the present
principles, the key-frames for the horizontal and vertical strips are connected
together/related based on some common features. For example, the horizontal and
vertical strips can all contain the same detected and recognized face, or alternatively
the key frames for the horizontal and vertical strips can all correspond to the same
scene captured roughly at the same time but from different viewpoints, etc. In one
embodiment of the present principles, common features are determined by processing

programs that create exchange files containing the key frames and determine key-
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frame connection information. Such files are then used to determine the common
features to inter-relate the horizontal and vertical strips of the present principles.
In one embodiment of the present principles, inter-video key-frame connection

is based on facial detection/recognition. The idea is to connect ﬁ}‘f with h}"zz if in both

videos a common face was detected and both faces match.
In an alternate embodiment of the present principles, inter-video key-frame

connection is based on image similarity. The idea is to connect Kj'f‘ with KJ‘ZZ (defined

below) using content-based image retrieval algorithms without assumption on objects
that compose the scene. It should be noted that any kind of metadata could be used to
establish the inter-video key-frame connections and so to deal with any video
collection (e.g. same actor, same action (smoking, swimming, couple kissing...),
same place, etc.).

Thus, in embodiments of the present principles, such as in the embodiment of
FIG. 1, a single horizontal strip 102 enables efficient intra-video browsing of a single
input video along a continuous timeline on, for example, the x-axis while a single
vertical strip 104 enables efficient inter-video browsing by presenting to a user key-
frames existing in different videos but linked by at least one common feature (as
described above). That is, in various embodiments of the present principles an
arrangement of the present principles includes at least one horizontal strip having
time-sequenced video frames belonging to a single video sequence and at least one
vertical strip having a plurality of video frames belonging to different video
sequences, each of the plurality of video frames of the at least one vertical strip
having at least one feature in common. In such embodiments, the at least one vertical
strip is arranged to intersect at a video frame of the at least one horizontal video frame
having the least one feature in common with the video frames in the at least one
vertical strip (described in further detail below). For example, in FIG. 1, the vertical
strip intersects one of the horizontal strips 102 at a first frame 106 and intersects a
second of the horizontal strips 102 at a next to last frame 108.

In one embodiment in which N input videos constitute an input video set

V= {'Ui} and where key-frames are selected with the same uniform temporal

i=1..N
subsampling for every input video, where strips are simple key-frames strips and

where connections between key-frames from different input videos are based on

temporal synchronization, for each input video vf= {I;}, given a temporal

SUBSTITUTE SHEET (RULE 26)
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subsampling step s > 0, M’ key-frames {&i}j:D..ﬂfi—'l are selected as R}" = I]?*S
where M*® directly depends on the frame number of vi. That is, one key frame is
taken for every ‘s’ frames, so for any video, the j-th key-frame is the (j*s)-th video
frame.

In one embodiment, for constructing the N horizontal strips, it is assumed that
all input videos have the same frame width and frame height. If not, conversion to a

common format is performed. For each i, given the key-frame set {Kji}, the horizontal

strip image H' is defined as a simple horizontal image stack, in one embodiment, in

accordance with equation one (1) which follows:

Hi(‘xl,yl) = K}'i (x2,y2) withyl =y2 and x1 = x2 + j=* frame width, (1)
vx2 € [0,frame width[,y2 € [0,frame height[,j € [0, M¢ — 1]

where (x1,y1) and (x2,y¥2) correspond to pixel locations in the domain of the
horizontal strip image H® (whose width may change for every i since M* may change)
and the image domain [0,frame width[ X [0,frame height| respectively.

FIG. 2 depicts an example of a temporal relationship between two input videos
in accordance with an embodiment of the present principles. In the embodiment of
FIG. 2, each input video {vi} has its own time duration, as well as its own absolute
start time and end time. For a given pair of videos (v','?) with respective absolute
start times ti' and t? and a temporal overlap, the time offset §*%2 between the two
input videos is related to the absolute start times according to equation two (2) which

follows:

tet+ 8P =t (2)

To provide proper temporal synchronization between the two input videos, the
time offset has to be determined. In various embodiments of the present principles,
such synchronization information can be determined using metadata associated with
the video files for the input videos if capture devices for the different videos were
previously synchronized. Alternatively, such information can also be determined
using audio or image feature matching between the two input videos, as discussed by

Bagri et al., "A Scalable Framework for Joint Clustering and Synchronizing Multi-

SUBSTITUTE SHEET (RULE 26)
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Camera Videos", European Signal Processing Conference (EUSIPCO), 2013; and by
Elhayek et al.,, "Feature-Based Multi-video Synchronization with Subframe
Accuracy”, DAGM 2012 (Deutsche Arbeitsgemeinschaft fiir Mustererkennung
DAGM e.V. - German Association for Pattern Recognition).

In one embodiment of the present principles, a time threshold u is defined
such that 0 <u < s/2 and two key-frames Kﬁl and K}f from different input videos

vt and v*2 are considered. The two frames, Kj'll and K;f, are considered as

“connected” if |j1 = s + ™2 — j2 xs| <u. That is, the jl-th key-frame of v'' and
the j2-th key-frame of v are captured at times separated by less than u. Note that
with u < 5/2, one key-frame of a video v** cannot be connected with more than one
key-frame of a video 12,

In accordance with an embodiment of the present principles, for the
construction of vertical strips for each key-frame, }s.’ji, the following set of key-frames
C ji = Kf U {C;;’j }p containing K}‘ itself and the Pji key-frames C;'j connected with

— i
_1..Pj

&i is considered. To simplify the notations, (;'ji = {C;{} }-pzﬂ.,-P; is considered. As

such, the vertical strip image lﬂf is defined as a simple vertical image stack, in one

embodiment, in accordance with equation three (3) which follows:

Vix1,y1) = €7 (x2,y2) withx1 = x2and y1 = y2 + p = frame_height, (3)
vx2 € [0,frame width[,y2 € [0,frame height[,p € [0, P/]

where (x1,y1) and (x2,y¥2) correspond to pixel locations in the domain of the
vertical strip image Vji (whose height may change for every (i,j) since Pji may
change) and the image domain [0,frame_width[ X [0,frame height| respectively.
Equation (3) describes the construction of a vertical strip from bottom to top
with a selected key-frame on the lowest row. Of course constructing similarly a
vertical strip from top to bottom with selected key-frame on the highest row is straight
forward, as well as constructing a vertical strip with selected key-frame on an

intermediate row. This means that that there are several options for the vertical

arrangement of the key-frames, Cji = {C;;J }p_ that compose a vertical strip,

i
OD..P}-

among which the two following solutions can be found (1) by increasing video index

SUBSTITUTE SHEET (RULE 26)
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(key-frame of v' if any is displayed just above or just under selected key-frame) and
(2) by decreasing similarity (the highest similarity to the selected key-frame, the
closest to it). It should be noted that the option that would correspond to display key-
frames of v* on the i*" row in any case would lead to some holes in vertical strips that
do not contain any key-frames of v*.

In one embodiment of the present principles, the vertical arrangement is
deduced automatically and in real-time from what is actually displayed on the screen
to maintain on a same row the key-frames from a same video. That is, in accordance
with an embodiment of the present principles, if an already displayed vertical strip
contains a key-frame of video v° on a certain row and that the user asks for the
display of another vertical strip also containing a key-frame of video w’, the
arrangement is done so that both key-frames of video v appear on the same row. If it
is not possible to do so without introducing holes in the required vertical strip,
optimization is performed to satisfy the rule requiring maintaining vertical locations
for the largest possible number of key-frames of an embodiment of the present
principles.  For example, in one embodiment of the present principles all
configurations can be tested by considering a vertical segment of length of the number
of key frames in the second vertical strip, sliding this segment along the y-axis and
retaining the position that maximizes the number of rows of this segment containing
one key frame of the first vertical strip corresponding to a video for which another
key-frame has to be displayed in the second vertical strip

In accordance with embodiments of the present principles, when displaying
simultaneously a vertical strip image and a horizontal strip image having a common

key-frame, they are crossed at their key-frame in common. For a given pair (i, j) and

for p such that C;’j = Hf,

H(x + j = frame width,y) = If}i (x,y¥ + p = frame_height),
Vx € [0,frame width[,y € [0,frame height]

That is, at an intersection, pixels of horizontal and vertical strip images have color
values in common since they intersect at a common key-frame.
In one embodiment of the present principles, to avoid visual overload during

display and collisions or inconsistencies between strips, simultaneous display of two

SUBSTITUTE SHEET (RULE 26)
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horizontal (or more) and two vertical strips (or more) is prevented. For example,
assume that at the initialization, only one first horizontal strip is shown, then that a
user requests for the display of a first vertical strip, then requests again for the display
of a second horizontal strip. If the user requests again for the display of a second
vertical strip during the display of the second horizontal strip, the display of the first
horizontal strip will be removed/hidden before the display of the second horizontal
strip. For example, FIG. 3a depicts an example of the display of two horizontal strips
102 and one vertical strip 104 for summarizing and browsing video content in
accordance with an embodiment of the present principles. Similarly, FIG. 3b depicts
an example of the display of two vertical strips (104) and one horizontal strip (102)
for summarizing and browsing video content in accordance with an alternate
embodiment of the present principles. As described above, in one embodiment of the
present principles, to avoid visual overload during display and collisions or
inconsistencies between strips, simultaneous display of two (or more) horizontal and
two (or more) vertical strips is prevented. Although in the embodiments of FIG. 3a
and FIG. 3b the simultaneous display of two (or more) horizontal and two (or more)
vertical strips 1s prevented, in alternate embodiments of the present principles in
which display/presentation space is not an issue and as such visual overload during
display and collisions or inconsistencies between strips will not occur, the display of
two (or more) horizontal and two (or more) vertical strips is enabled.

In various embodiments of the present principles, if a single strip exists in
either the horizontal or vertical direction, the display of multiple strips in the other
direction is possible. For example, FIG. 4a depicts an embodiment of the present
principles in which a configuration for summarizing and browsing content includes a
single horizontal strip 102 and three vertical strips 104. Similarly, FIG. 4b depicts an
embodiment of the present principles in which a configuration for summarizing and
browsing content includes a single vertical strip 104 and three horizontal strips 102.

In an embodiment in which key frames in a vertical strip are selected, there
can exist frames in horizontal strips that have no feature in common. For example,
FIG. 5 depicts an embodiment of the present principles in which a configuration for
summarizing and browsing content includes a single vertical strip and two horizontal
strips. In the embodiment of FIG. 5, after the key frames for the vertical strip are

selected the two horizontal strips are created using key frames of two of the different
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videos presented in the vertical strip. As depicted in FIG. 5, the horizontal strips are
just above one another with no space in between. Such an arrangement can lead to a
confusing presentation if the key frames of the two horizontal strips have no feature in
common. As such, in accordance with an embodiment of the present principles,
borders 502 (e.g., thick borders as depicted in FIG. 5) are displayed between the
neighboring key frames of the horizontal strips that have no feature in common as
depicted in FIG. 5.

In at least one embodiment of the present principles key-frame selection is
based on saliency, activity and/or aesthetic estimation. Frames with a local maximum
of saliency or aesthetic score or local minimum of activity are considered.
Alternatively, key frame selection can be performed manually by a user.

However, when key-frame selection is not based on uniform temporal
subsampling, inter-video key-frame connection, if still based on synchronization,
must be adapted. That is, in such embodiments, one key-frame is connected to the
closest key-frame of each other video if their temporal distance does not exceed a
given threshold.

In at least one embodiment of the present principles, the key frames described
above can comprise videos as well as still pictures. As such, vertical strip images can
contain still pictures that have been connected to the considered video key-frame(s) of
a horizontal strip and vice versa.

In addition, in accordance with various embodiments of the present principles,
to enable a user to quickly recall frames of interest previously watched, video indices
and key-frame indices or other such references to previously used key-frames are
stored in a memory/queue. In such embodiments, corresponding thumbnails can be
displayed in a dedicated display space. As such, when a thumbnail is selected, the
associated horizontal and vertical strips are displayed.

In various embodiments of the present principles, a computer readable
medium (e.g., memory, storage device, removable media, and so on) is provided with
stored program instructions, which, when executed by a processor, will cause a
method to be implemenied, such as described above according to one or more
embodiments of the present principles.

FIG. 6 depicts an example of a user interface 600 in accordance with an

embodiment of the present principles. That is, an embodiment of the present
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principles includes a user interface 600 including various commands for selecting
video frames for browsing. The user interface 600 of FIG. 6 illustratively includes
two top sections (602, 604) and a single lower section (606). In the embodiment of
FIG. 6 the top left section (602) depicts bar graph representations of a number of input
videos to a device, such as a video editor of the present principles. The number of
bars corresponds to the number of videos, the length of a bar depicts the time duration
of the corresponding video, and the horizontal alignment depicts the absolute start
time of the corresponding video. The top left section (602) also provides a toggle
button to enable a user to select at least one of the input videos depicted as horizontal
bars and display the at least one associated horizontal strip in the lower section (606).
In FIG. 6, the selected input video is depicted as the highlighted horizontal bar in the
top left section (602). As also depicted in the embodiment of FIG. 6, the top left
section (602) of the user interface 600 includes a vertical timeline bar which a user
can use, by for example touching, clicking, sliding, to select a region of a horizontal
strip, for example, the selected horizontal strip, to select a corresponding key-frame of
the considered summarized video and display in the lower section (606) the associated
vertical strip that shows other key-frames all coming from different videos but all
connected to the selected key-frame based on certain established relationships as
described above.

The top right section (604) of the user interface 600 of FIG. 6 illustratively
depicts a representation of the selected key frame of the selected input video.

In the single lower section (606) of the user interface 600 of FIG. 6, a
horizontal representation of the key frames of the selected horizontal video and
vertical representations of the corresponding key frames of the other videos is
depicted in accordance with an embodiment of the present principles.

In the lower section (606) of the user interface 600 of the embodiment of FIG.
6, a user can touch/click/slide horizontally one finger on any region of a vertical strip
(not shown) to select the corresponding key-frame and display the horizontal strip that
summarizes the video to which the selected key-frame belongs. In addition, a user
can drag the horizontal strip left or right to show previous or future instances or
frames if a strip is longer than a screen and similarly drag a vertical strip top or
bottom to show other key-frames if a strip is higher than the screen. Similarly, a user

can touch/click/slide vertically one finger on any region of a horizontal strip (not
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shown) to select the corresponding key-frame and display the vertical strip that shows
other key-frames all coming from different videos but all connected to the selected
key-frame based on certain established relationships as described above.

The user interface 600 of the present principles further enables a user to
double touch or click on any region of a horizontal or vertical strip shown in the lower
section (606) to play the corresponding video from the corresponding instant in the
top right section (604), or in a separate window, or a second screen.

FIG. 7 depicts a flow diagram of a method 700 for summarizing and browsing
content in accordance with an embodiment of the present principles. The method 700
begins at step 702 during which video frames of a single video sequence are arranged
in at least one strip having a first direction (e.g., a horizontal direction), the strip
comprising time-sequenced video frames. The method 700 can then proceed to step
704.

At step 704, video frames of different video sequences are arranged in at least
one strip having a second direction (e.g., a vertical direction), the frames of the at
least one strip arranged in the second direction having at least one feature in common.
The method 700 can then proceed to step 706.

At step 706, the video frames of the at least one strip arranged in the second
direction are configured to intersect the at least one strip arranged in the first direction
at a video frame of the at least one strip arranged in the first direction having the least
one feature in common with the video frames of the at least one strip arranged in the
second direction. The method 700 can then be exited.

Optionally, in one embodiment of the present principles, only one strip is
arranged in the first direction if there is more than one strip arranged in the second
direction, and only one strip is arranged in the second direction if there is more than
one strip arranged in the first direction. An arrangement of the present principles can
be limited as such to prevent visual confusion when displaying an arrangement of the
present principles.

FIG. 8 depicts a high level block diagram of an apparatus 800 for
implementing the features of the present principles in accordance with an embodiment
of the present principles. The apparatus 800 of FIG. 8 can comprise a device, such as
a video editor, in various embodiments of the present principles. The apparatus 800

of FIG. 8 comprises a processor 810 as well as a memory 820 for storing control
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programs, instructions, software, video content, video sequences, data and the like.
The processor 810 cooperates with conventional support circuitry 830 such as power
supplies, clock circuits, cache memory and the like as well as circuits that assist in
executing the software routines stored in the memory 820. As such, it is contemplated
that some of the process steps discussed herein as software processes may be
implemented within hardware, for example, as circuitry that cooperates with the
processor 810 to perform various steps. The apparatus 800 of FIG. 8 also includes
mput-output circuitry 840 that forms an interface between the various respective
functional elements communicating with the renderer.

Although the apparatus 800 of FIG. 8 is depicted as a general purpose
computer that is programmed to perform various control functions in accordance with
the present principles, the invention can be implemented in hardware, for example, as
an application specified integrated circuit (ASIC). As such, the process steps
described herein are intended to be broadly interpreted as being equivalently
performed by software, hardware, or a combination thereof.

While the foregoing is directed to various embodiments of the present
principles, other embodiments of the invention may be devised without departing
from the basic scope thereof. For example, one or more features described in the
examples above can be modified, omitted and/or used in different combinations.
Thus, the appropriate scope of the invention is to be determined according to the

claims that follow.
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CLAIMS

A method (700) for intra and inter-video browsing, the method comprising:

— Obtaining data representative of a collection of video sequences, said data

connecting key frames of said video sequences according to at least one

feature;

— Displaying a first arrangement of a subset of said key frames as crossed

horizontal and vertical strips of key frames according to connections in said
data;

— Computing a second arrangement of said a subset of said key frames as crossed

horizontal and vertical strips of key frames according to said first arrangement,
the selection of a key frame of the first arrangement and connections in said

data; and

— Displaying the second arrangement.

The method of claim 1, wherein a strip of the arrangements gathers time-
sequenced key frames of one video sequence of said collection of video

sequences.,

The method of claim 1, wherein a vertical strip of the arrangements gathers key
frames of at least one video sequence of said collection of video sequences

connected according to at least one visual or audio feature.

The method of claim 1 or 2 wherein the selection of a key frame in a horizontal
strip of a first arrangement having only one horizontal strip develops a vertical

strip in the second arrangement.

The method of claim 1 or 2 wherein the selection of a key frame in a vertical
strip of a first arrangement having only one vertical strip develops a horizontal

strip in the second arrangement.

The method of claim 1 or 2 wherein the selection of a key frame in a first
horizontal strip of a first arrangement having two or more horizontal strips
removes horizontal strips but the first horizontal strip from the first arrangement
and adds a vertical strip to the first arrangement to compute the second

arrangement.
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The method of claim 1 or 2 wherein the selection of a key frame in a first vertical
strip of a first arrangement having two or more vertical strips removes vertical
strips but the first vertical strip from the first arrangement and adds a horizontal

strip to the first arrangement to compute the second arrangement.

The method of claim 1, wherein the at least one feature connecting key frames in
said data comprises at least one of a common face, image similarity and a time of

capture of video frames.

The method of claim 1, comprising converting the key frames to a common

format such that all key frames have the same width and height.

The method of claim 1, comprising temporally synchronizing all video

sequences.,

The method of claim 10, wherein video sequences are temporally synchronized
using at least one of metadata associated with the video sequences and at least

one of audio and video image feature matching.

A apparatus (800) comprising:

— a memory (820) for storing at least control programs, instructions, software,

video content, video sequences and data; and

— a processor (810) for executing the control programs and instructions, said
processor when executing said control programs configuring said apparatus
(800) to:

* (Obtain data representative of a collection of video sequences, said data
connecting key frames of said video sequences according to at least one

feature;

e Display a first arrangement of a subset of said key frames as crossed
horizontal and vertical strips of key frames according to connections in

said data;

¢ Compute a second arrangement of said a subset of said key frames as
crossed horizontal and vertical strips of key frames according to said first
arrangement, the selection of a key frame of the first arrangement and

connections in said data; and

¢ Display the second arrangement.
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The apparatus of claim 11, wherein said apparatus (800) comprises a video

editor.

A machine-readable medium having one or more executable instructions stored
thereon, which when executed by a digital processing system causes the digital
processing system to perform a method (700) for intra and inter-video browsing,

the method comprising:

— Obtaining data representative of a collection of video sequences, said data

connecting key frames of said video sequences according to at least one

feature;

— Displaying a first arrangement of a subset of said key frames as crossed

horizontal and vertical strips of key frames according to connections in said
data;

— Computing a second arrangement of said a subset of said key frames as crossed

horizontal and vertical strips of key frames according to said first arrangement,
the selection of a key frame of the first arrangement and connections in said

data; and

— Displaying the second arrangement.
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