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Description

FIELD OF THE INVENTION

[0001] This invention pertains to the field of digital vid-
eo processing and more particularly to a method for form-
ing digital video summary.

BACKGROUND OF THE INVENTION

[0002] Many digital capture devices are capable of
capturing video as well as still images. Managing digital
video content, however, can be a difficult task. Videos
are often represented visually with a thumbnail image of
the first frame of the video. This may not provide much
insight into the content of the video. Determining if a spe-
cific event is contained in a given video often requires
viewing the entire video. For a lengthy video, a user may
prefer to be able to get a quick summary of the video
without having to view the video in its entirety.
[0003] Digital videos can also present practical prob-
lems from a sharing perspective. Many digital capture
devices record video at 30 or 60 frames per second, at
spatial resolutions as high as 192031080 pixels. Even
when compressed, the amount of data generated can
make it impractical to share even relatively short videos.
[0004] Video editing software can be used to manually
summarize a video into a shorter version that can be
shared more easily. Manual video editing can be a
lengthy, laborious process, however, and many users
are not interested in manual editing. Automatic video
summarization algorithms exist as well. These solutions
start with a captured video as input, and analyze the video
to determine a video summary. Such algorithms are very
complex, however, as it is necessary to decode the video
to perform the analysis required to determine the video
summary. Thus it is not possible on a digital capture de-
vice to immediately view a video summary corresponding
to a just-captured video. This shortcoming makes it dif-
ficult to facilitate quick review and sharing of captured
videos.
[0005] It would thus be desirable to provide systems
and methods for computing a video summary in a digital
capture device. In particular, it would be desirable to pro-
vide solutions that allow a video summary to be gener-
ated on a digital capture device with minimal delay at the
completion of video capture.
[0006] US2004052505 discloses a visual recording
summary creating method for home theatre system, in-
volves selecting segments of visual recording to be in-
cluded in summary of recording based on evaluation of
visual recording data. The method involves evaluating
visual recording data including non-source and source
audio content by examining quality, content and position
of a set of visual images to produce visual image meta-
data. Segments of the recording to be included in a re-
cording summary are selected based on the evaluation.
The selected segments constitute a summary of the vis-

ual recording.
[0007] US6462754 discloses a video which is organ-
ized in an hierarchical manner using scenes and seg-
ments. The segments have the following attributes:
There is an unique ID for each segment. The start and
end frames of these segments define the extent of these
segments. Key-frame defines the representative frame
of the segment. By segmenting the original video into
segments or clips and additionally detecting the key-
frames an effective summarization of the original videos
is achieved.
[0008] US7055168 discloses a system for audio-visual
information browsing, filtering, searching, archiving, and
personalization. To this end, a program description
scheme related to the video, still image, and/or audio
information is provided including two sets of information,
namely, program views and program profiles. The pro-
gram views define logical structures of the frames of a
video that define how the video frames are potentially to
be viewed suitable for efficient browsing.

SUMMARY OF THE INVENTION

[0009] The present invention is defined by the append-
ed independent method and system claims.
[0010] The present invention has the advantage that
the video summary is encoded in a digital video file using
metadata without needing to encode the video summary
as a separate file. The video summary is conveniently
available for viewing with "smart" video players that un-
derstand the video summary metadata while being trans-
parent to conventional players.
[0011] It has the additional advantage that the video
summary data is coupled to the original digital video se-
quence in the same digital video file such that when the
original digital video sequence is copied or shared the
video summary is copied or shared along with it.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is a high-level diagram showing the compo-
nents of a system for forming a video summary ac-
cording to an embodiment of the present invention;
FIG. 2 is a flow diagram of a method for creating
video summaries according to an embodiment of the
present invention;
FIG. 3 is a flow diagram of a method for creating
video summaries utilizing user feedback according
to an embodiment of the present invention;
FIG. 4 is a flow diagram of a method for creating
video summaries according to an embodiment of the
present invention where the video summary is stored
as metadata; and
FIG. 5 is a flow diagram of a method for viewing video
summaries according to an embodiment of the
present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0013] In the following description, a preferred embod-
iment of the present invention will be described in terms
that would ordinarily be implemented as a software pro-
gram. Those skilled in the art will readily recognize that
the equivalent of such software can also be constructed
in hardware. Because image manipulation algorithms
and systems are well known, the present description will
be directed in particular to algorithms and systems form-
ing part of, or cooperating more directly with, the system
and method in accordance with the present invention.
Other aspects of such algorithms and systems, and hard-
ware or software for producing and otherwise processing
the image signals involved therewith, not specifically
shown or described herein, can be selected from such
systems, algorithms, components and elements known
in the art. Given the system as described according to
the invention in the following materials, software not spe-
cifically shown, suggested or described herein that is
useful for implementation of the invention is conventional
and within the ordinary skill in such arts.
[0014] Still further, as used herein, a computer pro-
gram for performing the method of the present invention
can be stored in a computer readable storage medium,
which can include, for example; magnetic storage media
such as a magnetic disk (such as a hard drive or a floppy
disk) or magnetic tape; optical storage media such as an
optical disc, optical tape, or machine readable bar code;
solid state electronic storage devices such as random
access memory (RAM), or read only memory (ROM); or
any other physical device or medium employed to store
a computer program having instructions for controlling
one or more computers to practice the method according
to the present invention.
[0015] The invention is inclusive of combinations of the
embodiments described herein. References to "a partic-
ular embodiment" and the like refer to features that are
present in at least one embodiment of the invention. Sep-
arate references to "an embodiment" or "particular em-
bodiments" or the like do not necessarily refer to the same
embodiment or embodiments; however, such embodi-
ments are not mutually exclusive, unless so indicated or
as are readily apparent to one of skill in the art. The use
of singular or plural in referring to the "method" or "meth-
ods" and the like is not limiting. It should be noted that,
unless otherwise explicitly noted or required by context,
the word "or" is used in this disclosure in a non-exclusive
sense.
[0016] Because digital cameras employing imaging
devices and related circuitry for signal capture and
processing, and display are well known, the present de-
scription will be directed in particular to elements forming
part of, or cooperating more directly with, the method and
apparatus in accordance with the present invention. El-
ements not specifically shown or described herein are
selected from those known in the art. Certain aspects of
the embodiments to be described are provided in soft-

ware. Given the system as shown and described accord-
ing to the invention in the following materials, software
not specifically shown, described or suggested herein
that is useful for implementation of the invention is con-
ventional and within the ordinary skill in such arts.
[0017] The following description of a digital camera will
be familiar to one skilled in the art. It will be obvious that
there are many variations of this embodiment that are
possible and are selected to reduce the cost, add features
or improve the performance of the camera.
[0018] FIG. 1 depicts a block diagram of a digital pho-
tography system, including a digital camera 10 capable
of capturing video images in accordance with the present
invention. Preferably, the digital camera 10 is a portable
battery operated device, small enough to be easily hand-
held by a user when capturing and reviewing images.
The digital camera 10 produces digital images that are
stored as digital image files using image memory 30. The
phrase "digital image" or "digital image file", as used here-
in, refers to any digital image file, such as a digital still
image or a digital video file.
[0019] In some embodiments, the digital camera 10
captures both motion video images and still images. In
other embodiments, the digital camera 10 is a digital vid-
eo camera that captures only motion video images. The
digital camera 10 can also include other functions, in-
cluding, but not limited to, the functions of a digital music
player (e.g. an MP3 player), a mobile telephone, a GPS
receiver, or a programmable digital assistant (PDA).
[0020] The digital camera 10 includes a lens 4 having
an adjustable aperture and adjustable shutter 6. In a pre-
ferred embodiment, the lens 4 is a zoom lens and is con-
trolled by zoom and focus motor drives 8. The lens 4
focuses light from a scene (not shown) onto an image
sensor 14, for example, a single-chip color CCD or CMOS
image sensor. The lens 4 is one type optical system for
forming an image of the scene on the image sensor 14.
In other embodiments, the optical system may use a fixed
focal length lens with either variable or fixed focus.
[0021] The output of the image sensor 14 is converted
to digital form by Analog Signal Processor (ASP) and
Analog-to-Digital (A/D) converter 16, and temporarily
stored in buffer memory 18. The image data stored in
buffer memory 18 is subsequently manipulated by a proc-
essor 20, using embedded software programs (e.g.
firmware) stored in firmware memory 28. In some em-
bodiments, the software program is permanently stored
in firmware memory 28 using a read only memory (ROM).
In other embodiments, the firmware memory 28 can be
modified by using, for example, Flash EPROM memory.
In such embodiments, an external device can update the
software programs stored in firmware memory 28 using
the wired interface 38 or the wireless modem 50. In such
embodiments, the firmware memory 28 can also be used
to store image sensor calibration data, user setting se-
lections and other data which must be preserved when
the camera is turned off. In some embodiments, the proc-
essor 20 includes a program memory (not shown), and
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the software programs stored in the firmware memory 28
are copied into the program memory before being exe-
cuted by the processor 20.
[0022] It will be understood that the functions of proc-
essor 20 can be provided using a single programmable
processor or by using multiple programmable proces-
sors, including one or more digital signal processor (DSP)
devices. Alternatively, the processor 20 can be provided
by custom circuitry (e.g., by one or more custom integrat-
ed circuits (ICs) designed specifically for use in digital
cameras), or by a combination of programmable proces-
sor(s) and custom circuits. It will be understood that con-
nectors between the processor 20 from some or all of
the various components shown in FIG. 1 can be made
using a common data bus. For example, in some em-
bodiments the connection between the processor 20, the
buffer memory 18, the image memory 30, and the
firmware memory 28 can be made using a common data
bus.
[0023] The processed images are then stored using
the image memory 30. It is understood that the image
memory 30 can be any form of memory known to those
skilled in the art including, but not limited to, a removable
Flash memory card, internal Flash memory chips, mag-
netic memory, or optical memory. In some embodiments,
the image memory 30 can include both internal Flash
memory chips and a standard interface to a removable
Flash memory card, such as a Secure Digital (SD) card.
Alternatively, a different memory card format can be
used, such as a micro SD card, Compact Flash (CF) card,
MultiMedia Card (MMC), xD card or Memory Stick.
[0024] The image sensor 14 is controlled by a timing
generator 12, which produces various clocking signals
to select rows and pixels and synchronizes the operation
of the ASP and A/D converter 16. The image sensor 14
can have, for example, 12.4 megapixels (4088x3040 pix-
els) in order to provide a still image file of approximately
4000x3000 pixels. To provide a color image, the image
sensor is generally overlaid with a color filter array, which
provides an image sensor having an array of pixels that
include different colored pixels. The different color pixels
can be arranged in many different patterns. As one ex-
ample, the different color pixels can be arranged using
the well-known Bayer color filter array, as described in
commonly assigned U.S. Patent 3,971,065, "Color im-
aging array" to Bayer, the disclosure of which is incorpo-
rated herein by reference. As a second example, the dif-
ferent color pixels can be arranged as described in com-
monly assigned U.S. Patent Application Publication
2005/191729, filed on July 28, 2007 and titled "Image
sensor with improved light sensitivity" to Compton and
Hamilton, the disclosure of which is incorporated herein
by reference. These examples are not limiting, and many
other color patterns may be used.
[0025] It will be understood that the image sensor 14,
timing generator 12, and ASP and A/D converter 16 can
be separately fabricated integrated circuits, or they can
be fabricated as a single integrated circuit as is commonly

done with CMOS image sensors. In some embodiments,
this single integrated circuit can perform some of the oth-
er functions shown in FIG. 1, including some of the func-
tions provided by processor 20.
[0026] The image sensor 14 is effective when actuated
in a first mode by timing generator 12 for providing a
motion sequence of lower resolution sensor image data,
which is used when capturing video images and also
when previewing a still image to be captured, in order to
compose the image. This preview mode sensor image
data can be provided as HD resolution image data, for
example, with 1280x720 pixels, or as VGA resolution im-
age data, for example, with 640x480 pixels, or using other
resolutions which have significantly fewer columns and
rows of data, compared to the resolution of the image
sensor.
[0027] The preview mode sensor image data can be
provided by combining values of adjacent pixels having
the same color, or by eliminating some of the pixels val-
ues, or by combining some color pixels values while elim-
inating other color pixel values. The preview mode image
data can be processed as described in commonly as-
signed U.S. Patent 6,292,218 to Parulski, et al., entitled
"Electronic camera for initiating capture of still images
while previewing motion images," which is incorporated
herein by reference.
[0028] The image sensor 14 is also effective when ac-
tuated in a second mode by timing generator 12 for pro-
viding high resolution still image data. This final mode
sensor image data is provided as high resolution output
image data, which for scenes having a high illumination
level includes all of the pixels of the image sensor, and
can be, for example, a 12 megapixel final image data
having 4000x3000 pixels. At lower illumination levels, the
final sensor image data can be provided by "binning"
some number of like-colored pixels on the image sensor,
in order to increase the signal level and thus the "ISO
speed" of the sensor.
[0029] The zoom and focus motor drivers 8 are con-
trolled by control signals supplied by the processor 20,
to provide the appropriate focal length setting and to fo-
cus the scene onto the image sensor 14. The exposure
level of the image sensor 14 is controlled by controlling
the f/number and exposure time of the adjustable aper-
ture and adjustable shutter 6, the exposure period of the
image sensor 14 via the timing generator 12, and the
gain (i.e., ISO speed) setting of the ASP and A/D con-
verter 16. The processor 20 also controls a flash 2 which
can illuminate the scene.
[0030] The lens 4 of the digital camera 10 can be fo-
cused in the first mode by using "through-the-lens" auto-
focus, as described in commonly-assigned U.S. Patent
5,668,597, entitled "Electronic Camera with Rapid Auto-
matic Focus of an Image upon a Progressive Scan Image
Sensor" to Parulski et al., which is incorporated herein
by reference. This is accomplished by using the zoom
and focus motor drivers 8 to adjust the focus position of
the lens 4 to a number of positions ranging between a
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near focus position to an infinity focus position, while the
processor 20 determines the closest focus position which
provides a peak sharpness value for a central portion of
the image captured by the image sensor 14. The focus
distance which corresponds to the closest focus position
can then be utilized for several purposes, such as auto-
matically setting an appropriate scene mode, and can be
stored as metadata in the image file, along with other
lens and camera settings.
[0031] The processor 20 produces menus and low res-
olution color images that are temporarily stored in display
memory 36 and are displayed on the image display 32.
The image display 32 is typically an active matrix color
liquid crystal display (LCD), although other types of dis-
plays, such as organic light emitting diode (OLED) dis-
plays, can be used. A video interface 44 provides a video
output signal from the digital camera 10 to a video display
46, such as a flat panel HDTV display. In preview mode,
or video mode, the digital image data from buffer memory
18 is manipulated by processor 20 to form a series of
motion preview images that are displayed, typically as
color images, on the image display 32. In review mode,
the images displayed on the image display 32 are pro-
duced using the image data from the digital image files
stored in image memory 30.
[0032] The graphical user interface displayed on the
image display 32 is controlled in response to user input
provided by user controls 34. The user controls 34 are
used to select various camera modes, such as video cap-
ture mode, still capture mode, and review mode, and to
initiate capture of still images and recording of motion
images. In some embodiments, the first mode described
above (i.e. still preview mode) is initiated when the user
partially depresses a shutter button, which is one of the
user controls 34, and the second mode (i.e., still image
capture mode) is initiated when the user fully depresses
the shutter button. The user controls 34 are also used to
turn on the camera, control the lens 4, and initiate the
picture taking process. User controls 34 typically include
some combination of buttons, rocker switches, joysticks,
or rotary dials. In some embodiments, some of the user
controls 34 are provided by using a touch screen overlay
on the image display 32. In other embodiments, addition-
al status displays or images displays can be used.
[0033] The camera modes that can be selected using
the user controls 34 include a "timer" mode. When the
"timer" mode is selected, a short delay (e.g., 10 seconds)
occurs after the user fully presses the shutter button, be-
fore the processor 20 initiates the capture of a still image.
[0034] An audio codec 22 connected to the processor
20 receives an audio signal from a microphone 24 and
provides an audio signal to a speaker 26. These compo-
nents can be to record and playback an audio track, along
with a video sequence or still image. If the digital camera
10 is a multi-function device such as a combination cam-
era and mobile phone, the microphone 24 and the speak-
er 26 can be used for telephone conversation.
[0035] In some embodiments, the speaker 26 can be

used as part of the user interface, for example to provide
various audible signals which indicate that a user control
has been depressed, or that a particular mode has been
selected. In some embodiments, the microphone 24, the
audio codec 22, and the processor 20 can be used to
provide voice recognition, so that the user can provide a
user input to the processor 20 by using voice commands,
rather than user controls 34. The speaker 26 can also be
used to inform the user of an incoming phone call. This
can be done using a standard ring tone stored in firmware
memory 28, or by using a custom ring-tone downloaded
from a wireless network 58 and stored in the image mem-
ory 30. In addition, a vibration device (not shown) can be
used to provide a silent (e.g., non audible) notification of
an incoming phone call.
[0036] In some embodiments, the digital camera 10
also contains an accelerometer 27 which provides data
related to the motion of the camera. Preferably, the ac-
celerometer 27 detects both linear and rotational accel-
erations for each of three orthogonal directions (for a total
of 6 dimensions of input).
[0037] The processor 20 also provides additional
processing of the image data from the image sensor 14,
in order to produce rendered sRGB image data which is
compressed and stored within a "finished" image file,
such as a well-known Exif-JPEG image file, in the image
memory 30.
[0038] The digital camera 10 can be connected via the
wired interface 38 to an interface/recharger 48, which is
connected to a computer 40, which can be a desktop
computer or portable computer located in a home or of-
fice. The wired interface 38 can conform to, for example,
the well-known USB 2.0 interface specification. The in-
terface/recharger 48 can provide power via the wired in-
terface 38 to a set of rechargeable batteries (not shown)
in the digital camera 10.
[0039] The digital camera 10 can include a wireless
modem 50, which interfaces over a radio frequency band
52 with the wireless network 58. The wireless modem 50
can use various wireless interface protocols, such as the
well-known Bluetooth wireless interface or the well-
known 802.11 wireless interface. The computer 40 can
upload images via the Internet 70 to a photo service pro-
vider 72, such as the Kodak EasyShare Gallery. Other
devices (not shown) can access the images stored by
the photo service provider 72.
[0040] In alternative embodiments, the wireless mo-
dem 50 communicates over a radio frequency (e.g. wire-
less) link with a mobile phone network (not shown), such
as a 3GSM network, which connects with the Internet 70
in order to upload digital image files from the digital cam-
era 10. These digital image files can be provided to the
computer 40 or the photo service provider 72.
[0041] The present invention will now be described
with reference to FIG. 2. Initially, a digital video capture
device such as digital camera 10 is used in a capture
digital video sequence step 210 to capture a digital video
sequence, wherein the digital video sequence is com-
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prised of a plurality of video frames.
[0042] At the time that the digital video sequence is
captured, at least a subset of the video frames is analyzed
in a determine feature values step 220 to determine one
or more feature values. These feature values can repre-
sent various attributes associated with a video frame,
such as color characteristics or the presence of any faces
in the video frame. The feature values can also represent
motion-based attributes such as global motion values be-
tween consecutive video frames, or local motion values
between corresponding elements of consecutive frames.
Global motion values typically correspond to motion of
the capture device, while local motion values refer to the
movement of objects within the scene. Those skilled in
the art will recognize that the previously described fea-
tures are only examples, and that other feature values
can be determined based on analysis of video frames.
[0043] The determine feature values step 220 can also
include analysis of at least one audio sample as they are
recorded through the microphone 24 and processed with
the audio codec 22 at the time the digital video sequence
is captured. Audio feature values can include attributes
such as the signal strength, both in the time domain as
well as with respect to particular frequency ranges.
[0044] The determine feature values step 220 can also
include analysis of digital video capture device settings
at the time the digital video sequence is captured. These
device setting feature values can include user input in
the form of a user control 34 to adjust the zoom position
of zoom lens 4 by controlling the zoom and focus motor
drives 8. Digital zoom can further increase the magnifi-
cation of an image and can be another feature value.
[0045] The determine feature values step 220 can also
include analysis of accelerometer data from accelerom-
eter 27 at the time the digital video sequence is captured.
Accelerometer data provides measurements related to
the motion of the digital camera 10, and can be used to
augment or replace motion calculations based on video
frame data.
[0046] The determine feature values step 220 can also
include analysis of data generated by the video encoder
applied by the processor 20. Such data includes motion
vector information generated as part of a motion estima-
tion step used in the video encoding process. Many com-
mon video encoding processes routinely generate such
motion vector information as part of their normal process-
ing chain.
[0047] For each video frame, after the feature values
have been determined, a compress digital video se-
quence step 230 compresses the video frame. Video
compression algorithms such as specified in the MPEG
and H.263 standards are well-known to those skilled in
the art. The compressed video frame can be included in
a container such as Apple QuickTime which provides a
file format wrapper for the video file.
[0048] A store compressed digital video sequence step
240 stores the compressed digital video sequence in a
processor-accessible memory, such as image memory

30. The stored compressed digital video sequence can
contain video and audio information.
[0049] In one embodiment of the present invention, the
feature values determined in the determine feature val-
ues step 220 are stored as metadata associated with the
stored compressed digital video sequence. The metada-
ta can be stored, for example, within user data atoms
that are defined in the specifications for the Apple Quick-
Time file format.
[0050] In another embodiment of the present invention,
the feature values determined in the determine feature
values step 220 are stored as a separate file associated
with the stored compressed digital video sequence.
[0051] In yet another embodiment of the present in-
vention, the feature values determined in the determine
feature values step 220 are not stored in any form of
permanent memory, and are discarded at the completion
of the video summary formation algorithm.
[0052] After the video capture process has completed
and the compressed digital video sequence has been
stored, an identify key video snippets step 250 is per-
formed to identify key video snippets for the digital video
sequence. The identify key video snippets step 250 uses
a processor to automatically analyze the feature values,
without needing to decompress the stored compressed
digital video sequence, to identify one or more key video
snippets, each key video snippet corresponding to a set
of video frames from the digital video sequence. Typically
the video frames comprising a key video snippet are con-
secutive frames in the digital video sequence, and the
key video snippet can be identified by a starting frame
number, and either an ending frame number or a value
indicating the length of the key video snippet.
[0053] Many methods are known in the art for deter-
mining key video snippets from a video based on feature
values associated with the video. In some of these ap-
proaches, video key frames are first identified, and then
key video snippets are formed by selecting a section of
the video sequence surrounding each of the video key
frames. U.S. Patent Application Publication
2007/0183497, by Luo et al., which is incorporated herein
by reference, discloses a method of selecting video key
frames based on a characterization of the motion in the
video, as calculated by digital motion estimation tech-
niques. U.S. Patent Application Publication
2007/0182861, by Luo et al., also included herein by ref-
erence, discloses a method of selecting video key frames
based on a characterization of the motion in the video,
as provided by data from an accelerometer associated
with the video capture device. Either of these methods
can be used to identify key video snippets from the de-
termined feature values in accordance with the present
invention.
[0054] For embodiments where the feature values are
stored as a separate file associated with the stored com-
pressed digital video sequence, the identify key video
snippets step 250 can read the feature values from the
separate file to provide the feature value information for
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analysis.
[0055] Similarly, for embodiments where the feature
values are stored as metadata associated with the stored
compressed digital video sequence, the identify key vid-
eo snippets step 250 can extract the feature values from
the stored compressed digital video sequence without
decompressing video frames for the stored digital video
sequence. It should be noted that extracting feature value
metadata from a stored compressed digital video se-
quence is not considered to be decompressing the stored
compressed digital video sequence. Rather, decom-
pressing the stored compressed digital video sequence
refers to decoding of data in the compressed bitstream,
such as video data or header data used to reconstruct a
sequence of video frames for the compressed digital vid-
eo sequence.
[0056] An advantage of the present invention is that it
allows key video snippets to be determined without de-
compressing the stored compressed digital video se-
quence. This allows the key video snippets to be deter-
mined, and subsequently the video summary to be
formed, with minimal delay after the capture process has
completed. Methods in the prior art that rely on decom-
pression to extract individual video frames from the
stored compressed digital video sequence are bounded
by the amount of time required to perform the decom-
pression task.
[0057] In some embodiments of the present invention,
the key video snippets are identified entirely based on
analysis of feature values determined at the capture time
of the digital video sequence. In other embodiments of
the present invention, the key video snippets are identi-
fied based on analysis of feature values along with ad-
ditional information extracted from the stored com-
pressed digital video sequence. In these cases, it may
be necessary to at least partially decompress some in-
formation in the stored compressed digital video se-
quence.
[0058] For example, in one embodiment of the present
invention, audio information is extracted from the stored
compressed digital video sequence, and used along with
the feature values to identify the key video snippets. Au-
dio data typically comprises a small percentage of an
overall compressed digital video file, and can be extract-
ed quickly relative to decompressing the pixel data for
the video frames. In some scenarios, it is not possible to
generate audio feature values at the time of capture. The
processor may not have compute cycles available to de-
termine audio feature values and also determine other
feature values and process and encode the captured vid-
eo. In these cases, audio information can still be used to
identify key video snippets by extracting the audio infor-
mation from the stored compressed digital video se-
quence. This represents a compromise between speed
and performance. The audio information can be used to
improve the performance of the identify key video snip-
pets step 250, at a cost of longer overall processing time
required to identify the key video snippets.

[0059] Similarly, in another embodiment of the present
invention, video frame information is extracted from the
stored compressed digital video sequence, and used
along with the feature values to identify the key video
snippets. Decompression of the entire video sequence
eliminates much of the advantage of determining video-
based feature values at the time of capture. Thus, pref-
erably, at most only a small number of video frames are
decoded from the stored compressed digital video se-
quence. Those skilled in the art will recognize that indi-
vidual frames can be decoded from a compressed digital
video sequence efficiently when the individual frame is
an independently coded frame. Again, the use of video
information represents a compromise between speed
and performance. The video information can be used to
improve the performance of the identify key video snip-
pets step 250, at a cost of longer overall processing time
required to identify the key video snippets.
[0060] In some embodiments of the present invention,
the identify key video snippets step 250 utilizes user input
from user controls 34 to control various attributes of the
video summary. The user input can include, but is not
limited to specifying a length of the video summary, a
minimum duration of an individual key video snippet, and
a total number of key video snippets.
[0061] In a preferred embodiment, the identify key vid-
eo snippets step 250 uses the method described in com-
monly assigned, co-pending U.S. Patent Application
12/786,471 to Deever, entitled "Method for Determining
Key Video Frames". This method first analyzes the digital
video sequence to determine an importance value as a
function of time. The importance value can be a function
of characteristics of the digital video sequence including
global motion and local motion. Preferably, the impor-
tance value is computed using the feature values deter-
mined from the determine feature values step 220. The
importance value is used to form a warped-time repre-
sentation for the digital video sequence. The warped-
time representation gives greater temporal weighting to
some video frames in the digital video sequence and less-
er temporal weighting to others. The warped-time digital
video sequence representation is divided into a set of
equal warped temporal intervals. A key video frame is
selected from each warped temporal interval by analyz-
ing the video frames within each warped temporal inter-
val. Preferably, the key video frame for each warped tem-
poral interval is selected by analyzing feature values de-
termined from the determine feature values step 220 as-
sociated with video frames in the corresponding warped
temporal interval. Such criteria can include selecting a
key video frame occurring shortly after the completion of
a zoom-in process, or selecting a key video frame having
a moderate level of local motion in the center region of
the video frame.
[0062] In one embodiment, key video snippets are
formed by selecting a set of video frames surrounding
each of the key video frames. For example, a key video
snippet can be formed by selecting two seconds of video
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frames before and after a key video frame, thus forming
a four second long key video snippet.
[0063] Alternatively, the key video frames can be
ranked and key video snippets can be formed for only a
subset of the key video frames corresponding to the most
highly ranked key video frames. Ranking of key video
frames can include analyzing the digital video sequence
to determine a camera fixation pattern, and ranking the
key video frames responsive to the camera fixation pat-
tern. Preferably, feature values determined from the de-
termine feature values step 220 corresponding to global
motion can provide a global motion trace that indicates
the fixation region of the camera throughout the digital
video sequence. Video frames corresponding to regions
of high fixation, that is, regions on which the camera
stayed fixated for a high percentage of the overall video
capture, are ranked highly. The ranking process can be
performed iteratively, selecting the next highest ranking
key video frame at each step, and at each step the proc-
ess can promote key video frames representing unrep-
resented fixation regions above key video frames repre-
senting fixation regions that have already been included
in the ranking process. Once the key video frames have
been ranked, the top ranking key video frames can be
chosen to be included in key video snippets.
[0064] As described previously, key video snippets can
be formed by selecting a set of video frames surrounding
each of the key video frames. Alternatively, key video
snippets can be formed by setting criteria such as the
total duration of the video summary, and the minimum
allowable duration of a key video snippet. Then the key
video snippets can be selected so as to satisfy the set
criteria while being optimally responsive to additional cri-
teria. For example, the key video snippets can be select-
ed so as to minimize the likelihood that a key video snip-
pet begins or ends in the middle of a speaking segment.
[0065] After the key video snippets have been identi-
fied, a form video summary step 260 forms the video
summary. The video summary is formed by assembling
the individual key video snippets into a single collection.
In a preferred embodiment, the key video snippets are
assembled in chronological order corresponding to their
order of occurrence in the digital video sequence.
[0066] A representation of the video summary is stored
in a processor-accessible memory in store representa-
tion of video summary step 270. In one embodiment of
the present invention, storing a representation of the vid-
eo summary in a processor-accessible memory includes
storing frame identification metadata providing an indi-
cation of the video frames in the digital video sequence
corresponding to the video summary. The frame identi-
fication metadata can be stored in association with the
stored compressed digital video sequence. For example,
the video summary representation can be stored as
metadata in the stored compressed digital video se-
quence that indicates a series of start frames and end
frames that correspond to the key video snippets con-
tained in the video summary. This allows a representation

of the video summary to be stored without using any ad-
ditional physical memory, other than that required to store
the frame identification metadata.
[0067] In another embodiment of the present invention,
storing a representation of the video summary in a proc-
essor-accessible memory includes extracting video
frames of the stored compressed digital video sequence
corresponding to the identified key video snippets and
merging them to form a new merged video sequence
corresponding to the video summary. In some cases, this
may require decompressing portions of the compressed
digital video sequence and then compressing the merged
video sequence to form a compressed video summary.
The merged video sequence will generally include both
video data and corresponding audio data, which must
also be extracted from the compressed digital video se-
quence.
[0068] The compressed video summary can then be
stored in a processor-accessible memory. In this embod-
iment, the compressed video summary is stored as a
separate file from the compressed digital video se-
quence. In this case, the video summary representation
is a digital video file that can be viewed or shared inde-
pendent of the original compressed digital video se-
quence. In a preferred embodiment, the stored represen-
tation of the video summary is a digital video file in a
format adapted to be played using a standard video play-
er.
[0069] In some embodiments of the present invention,
extracted video frames corresponding to the video sum-
mary are re-sampled to produced extracted video frames
at a different spatial resolution prior to compressing the
extracted video frames at a different spatial resolution to
form a compressed video summary. This re-sampling
can be especially advantageous for sharing videos that
are captured at high spatial resolution. In this way, the
compressed video summary will be smaller than the com-
pressed digital video sequence both because it contains
fewer video frames, as well as because the video frames
have a lower spatial resolution. The lower spatial reso-
lution video summary can be generated without having
to decompress the entire collection of higher resolution
video frames. Only those video frames required for gen-
erating the video summary need to be decompressed.
[0070] Similarly, extracted video frames correspond-
ing to the video summary can be re-sampled in the tem-
poral dimension to produce extracted video frames at a
different temporal resolution prior to compressing the ex-
tracted video frames at a different temporal resolution to
form a compressed video summary.
[0071] FIG. 3 corresponds to another embodiment of
the present invention in which the user previews the
formed video summary and can request that an updated
video summary be formed using adjusted user settings.
In this embodiment, the capture digital video sequence
step 210, the determine feature values step 220, the com-
press digital video sequence step 230, the store com-
pressed digital video sequence step 240, the identify key
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video snippets step 250, the form video summary step
260 and the store representation of video summary step
270 are all performed as described previously with ref-
erence to FIG. 2. Before the video summary formed by
the form video summary step 260 is stored, the user is
allowed to preview the video summary using a preview
video summary step 262. The user is them prompted to
indicate his or her satisfaction with the first video sum-
mary using a user satisfied test 264. If the user is satisfied
with the video summary, execution proceeds to the store
representation of video summary step 270 as described
with reference to FIG. 2. However, if the user is not sat-
isfied with the video summary, an adjust user settings
step 266 is used to allow the user to adjust one or more
settings and then form a new video summary. These us-
ers’ settings can be input through user controls 34, and
can include settings for parameters such as the length
of the video summary, the minimum length of key video
snippets or the number of key video snippets included in
the video summary. After the user has adjusted the user
settings, the identify key video snippets step 250 and the
form video summary step 260 are used to form a new
video summary responsive to the user settings. Those
skilled in the art will recognize that the user can preview
the video summary and update the user settings multiple
times, forming corresponding video summaries until the
user is satisfied with the resulting video summary.
[0072] FIG. 4 illustrates another embodiment of the
present invention in which a video summary is stored as
metadata associated with a stored digital video se-
quence. A capture digital video sequence step 410 cap-
tures a digital video sequence with a digital video capture
device, wherein the digital video sequence includes a
plurality of video frames. A store digital video sequence
step 420 stores the digital video sequence in a processor-
accessible memory. The stored digital video sequence
may or may not include determined feature values as
were determined using the determine feature values step
220 of FIG. 2.
[0073] Next, an identify key video snippets step 430
identifies one or more key video snippets corresponding
to one or more sets of video frames from the stored digital
video sequence. In some embodiments, the identify key
video snippets step 430 can make use of stored feature
values as was described with reference to the identify
key video snippets step 250 of FIG. 2. In other embodi-
ments, the identify key video snippets step 430 uses a
video analysis algorithm to directly analyze the frames
of the stored digital video sequence. In this case, the
identify key video snippets step 430 will generally need
to decompress the digital video sequence in order to per-
form its analysis. Any method known in the art can be
used to identify the key video snippets, including those
described earlier with reference to FIG. 2.
[0074] A form video summary step 440 assembles the
identified key video snippets to form a video summary in
a manner analogous to the form video summary step 260
of FIG. 2. A store video summary as metadata step 450

stores the video summary in a processor-accessible
memory by storing metadata associated with the stored
digital video sequence, wherein the metadata provides
an indication of the video frames corresponding to the
video summary.
[0075] The identify key video snippets step 430, the
form video summary step 440 and the store video sum-
mary as metadata step 450 need not occur on the same
digital video capture device or using the same processor
20 as the capture digital video sequence step 410 and
the store digital video sequence step 420. For example,
the store digital video sequence step 420 can result in
the stored digital video sequence being written to image
memory 30, which can be for example, a removable
memory card. The removable memory card can then be
used to move the stored digital video sequence to another
device where the identify key video snippets step 430,
the form video summary step 440 and the store video
summary as metadata step 450 can be applied. In some
cases, the other device can be another digital video cap-
ture device, such as illustrated in FIG. 1. In other embod-
iments, the stored digital video sequence is loaded onto
another device such as a computer 40 (FIG. 1) or a video
editing system where the stored digital video sequence
can be processed to determine the video summary.
[0076] In a preferred embodiment, the identify key vid-
eo snippets step 430 involves extracting at least one vid-
eo frame from the stored digital video sequence, and
analyzing said video frames to determine feature values
associated with the video frames. In a preferred embod-
iment, the identify key video snippets step 430 further
involves extracting at least one audio sample from the
stored digital video sequence, and analyzing said audio
samples to determine feature values associated with the
audio samples. The feature values can be analyzed to
identify the key video snippets.
[0077] In a preferred embodiment, the store video sum-
mary as metadata step 450 includes storing frame iden-
tification metadata providing an indication of the video
frames in the digital video sequence corresponding to
the video summary. Storing the video summary in this
manner as frame identification metadata has the advan-
tage that the video summary to be stored without using
any additional physical memory, other than the minimal
amount of memory required to store the frame identifica-
tion. Preferably, the frame identification metadata is
stored in association with the stored compressed digital
video sequence. For example, the video summary rep-
resentation can be stored as metadata in the stored com-
pressed digital video sequence that indicates a series of
start frames and end frames that correspond to the key
video snippets contained in the video summary. In other
embodiments the frame identification metadata can be
stored in a separate file associated with the stored digital
video sequence.
[0078] In some embodiments of the present invention,
the store video summary as metadata step 450 further
includes storing metadata that provides an indication of
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the audio samples corresponding to the key video snip-
pets which comprise the video summary.
[0079] In some embodiments of the present invention,
the store video summary as metadata step 450 further
includes storing metadata providing an indication of video
transition effects to be applied at boundaries between
the identified key video snippets. Video transition effects
can include, for example, fading from one key video snip-
pet to the next (i.e., "cross dissolving"), and fading from
a key video snippet to white (or black) and then fading
to the next video snippet. Other types of transition effects
would include special effects such as cross wipe effects,
growing or shrinking circle effects, horizontal or vertical
blinds effects, and checkerboard transition effects. One
skilled in the art will recognize that these are just a few
examples, and that many different types of transition ef-
fects can be used in accordance with the present inven-
tion. Using video transition effects can improve the over-
all visual quality of the video summary by eliminating sud-
den transitions from one segment of the digital video se-
quence to another.
[0080] In some embodiments of the present invention,
the store video summary as metadata step 450 further
includes storing metadata providing an indication of au-
dio transition effects applied at boundaries between key
video snippets. Audio transition effects can include, for
example, fading to silence and back. These audio tran-
sition effects can improve the overall audio quality of the
video summary by eliminating sudden transitions from
one audio segment of the digital video sequence to an-
other.
[0081] FIG. 5 illustrates a flow chart of a process for
use by a video playback system for displaying a video
summary in accordance with the present invention. In
particular, the method of FIG. 5 is adapted to display
video summaries which are stored as metadata rather
than as a directly playable digital video file.
[0082] First, a read data step 510 reads data associ-
ated with a stored digital video summary, wherein the
data provides an indication of the video frames of a stored
digital video sequence corresponding to the video sum-
mary. For example, the data providing an indication of
the video frames can be extracted from metadata stored
in a digital video file used to store a digital video se-
quence, wherein the metadata indicates which video
frames are included in the video summary. Alternately,
the data can also be extracted from a separate file that
is associated with the stored digital video sequence.
[0083] Next, an extract video frames step 520 extracts
the video frames corresponding to the key video snippets
which comprise the video summary from the stored digital
video sequence. Commonly, the stored digital video se-
quence is stored in a compressed form. In such cases,
the extract video frames step 520 includes decompress-
ing the stored digital video sequence.
[0084] A form video summary step 530 is used to form
a video summary from the extracted video frames for the
key video snippets. In the simplest case, the form video

summary step 530 simply compiles the extracted video
frames into a contiguous video clip.
[0085] Once the video summary has been formed, a
display video summary step 540 is used to display the
video summary on a softcopy display. The softcopy dis-
play can, for example, be a review screen on a digital
video capture device, a display associated with a com-
puter or a television screen.
[0086] The read data step 510 can also provide an in-
dication of the audio samples corresponding to the video
summary. In this case, the extract video frames step 520
can further include extracting the appropriate audio sam-
ples from the stored digital video sequence correspond-
ing to the video summary.
[0087] In some embodiments of the present invention,
the read data step 510 further provides an indication of
video transition effects for the video summary. Similarly,
the read data step 510 can provide an indication of audio
transition effects for the video summary. In the case that
the read data step 510 provides an indication of video
transition effects, the form video summary step 530 mod-
ifies the extracted video frames in accordance with the
specified transition effects such that the compiled video
summary has the desired transitions. Thus, for example,
a fade-to-black video transition effect can be applied by
reading data that indicates that the fade occurs during
the last 15 frames of a key video snippet contained in the
video summary. As the frames corresponding to the fade-
to-black video transition are extracted from the stored
digital video sequence, the video frame data can be mod-
ified according to a formula for gradual fade-to-black. The
fade-to-black can be reversed during the first 15 frames
of the next key video snippet, during which the extracted
frames are modified according to a formula for gradual
fade from black back to the original video data.
[0088] In the case that the softcopy display also con-
tains one or more speakers for transmitting audio, audio
transition effects can similarly be processed prior to
transmission of the audio via the speakers. For example,
a fade-to-silence audio transition effect can be applied
by reading data that indicates the audio transition effect
occurs during the final 8000 audio samples correspond-
ing to a key video snippet. As the audio samples corre-
sponding to the fade-to-silence transition are extracted
from the stored digital video sequence, the audio sample
data can be modified according to a formula for gradual
fade-to-silence. The fade-to-silence can be reversed dur-
ing the first 8000 audio samples corresponding to the
next key video snippet, during which the extracted audio
samples are modified according to a formula for gradual
fade from silence back to the original audio data.
[0089] In some methods for forming a video summary
according to the present invention, video summary meta-
data corresponding to the video frames or audio samples
contained in the video summary, as well as video or audio
transition effects, are stored in the digital video file con-
taining the stored digital video sequence. Also, in some
systems for displaying a video summary according to the
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present invention, this video summary metadata is read
to provide an indication of which video frames and audio
samples corresponding to the video summary need to
be extracted from the stored digital video sequence, and
together with an indication of what video and audio tran-
sition effects should be applied to the data prior to dis-
playing the video on the display and transmitting the au-
dio to the speakers. These methods and systems have
the advantage that a video summary can be represented
and displayed without storing an additional separate vid-
eo file corresponding to the video summary.
[0090] In some embodiments, a video display device
can present a user with the option to view either the orig-
inal video or the video summary. For example, separate
play buttons can be provided on a digital video camcorder
for playing the original video sequence or the video sum-
mary. In some embodiments, the video summary can be
played in response to activating a "fast forward" button.
This reflects the fact that the video summary represents
an alternative way to move through a video sequence at
an accelerated pace rather than the traditional fast for-
ward approach which simply provides a time sampling
of the frames in the video sequence. Playing the video
summary can be a more useful means for users to identify
a desired portion of a video sequence that they would
like to view.
[0091] The video playback system described with ref-
erence to FIG. 5 is a "smart" video player in the sense
that it is enabled to extract video summary metadata from
the stored digital video sequence, and process the video
summary metadata to understand how to display a video
summary version of the digital video sequence. The
"smart" video player can present the viewer the option of
viewing either the full digital video sequence or the video
summary version. A regular video player will not recog-
nize the video summary metadata associated with the
video summary. However, a regular video player can still
read and display the original stored digital video se-
quence. In this case, the metadata contained in the stored
digital video sequence is simply ignored, and the full dig-
ital video sequence is played.
[0092] Again referring to FIG. 1 and FIG. 2, another
embodiment of the present invention is a digital video
capture system (digital camera 10) for capturing a digital
video sequence and for producing a corresponding video
summary, comprising: an image sensor 14 for capturing
a video frame; an optical system (lens 4 having an ad-
justable aperture and adjustable shutter 6) for imaging a
scene onto the image sensor; a processor 20 for forming
the video summary and storing a representation of the
video summary in a processor-accessible memory; an
image display 32 for viewing a digital video sequence;
and a means, such as user controls 34, for providing a
user with an option to view either the stored digital video
sequence or the stored representation of the video sum-
mary on the softcopy display. The digital video capture
system can, for example, be a digital video camera or a
digital camera having both still and video capture modes.

The digital video capture system can also take other
forms such as a laptop or desktop computer having a
webcam.
[0093] The processor 20 in the digital video capture
system is provided with software to perform the steps of
the method shown in FIG. 2. More specifically, in re-
sponse to a user command, the processor 20 can initiate
the capture digital video sequence step 210 which cap-
tures a digital video sequence including a plurality of vid-
eo frames. The processor 20 automatically analyzes at
least a subset of the video frames in the digital video
sequence at the time the digital video sequence is cap-
tured to determine one or more feature values using a
determine feature values step 220. The processor 20
then compresses the digital video sequence by applying
the compress digital video sequence step 230; and the
resulting compressed digital video sequence is stored in
a processor-accessible memory by applying the store
compressed digital video sequence step 240. The proc-
essor 20 then applies the identify key video snippets step
250 to automatically analyze the feature values, without
decompressing the stored compressed digital video se-
quence, thereby identifying one or more key video snip-
pets, each key video snippet corresponding to a set of
video frames from the digital video sequence. Finally, the
processor 20 applies the form video summary step 260
to assemble the key video snippets to form a video sum-
mary, and stores a representation of the video summary
in a processor-accessible memory using the store rep-
resentation of video summary step 270.
[0094] The processor 20 in the digital video capture
system can further perform the step of automatically an-
alyzing at least one of the audio samples in the digital
video sequence at the time the digital video sequence is
captured to determine one or more feature values.
[0095] The processor 20 in the digital video capture
system can further perform the step of storing the deter-
mined feature values in the processor-accessible mem-
ory as metadata associated with the stored compressed
digital video sequence.
[0096] The processor 20 in the digital video capture
system can further perform the step of storing the deter-
mined feature values in the processor-accessible mem-
ory as a separate file associated with the stored com-
pressed digital video sequence.
[0097] The processor 20 in the digital video capture
system can further perform the step of automatically an-
alyzing the features values, together with user input, to
identify the one or more key video snippets. The user
input can come from user controls 34, and can include
constraints on the length of the video summary, the min-
imum length of any key video snippet contained in the
video summary, and the number of key video snippets
included in the video summary.
[0098] The processor 20 in the digital video capture
system can further perform the step of storing a repre-
sentation of the video summary in a processor-accessi-
ble memory in which metadata providing an indication of

19 20 



EP 2 577 664 B1

12

5

10

15

20

25

30

35

40

45

50

55

the video frames in the digital video sequence corre-
sponding to the video summary is generated and stored
in association with the stored compressed digital video
sequence.
[0099] A user can activate a user control 34 on the
digital video capture system to view the video summary
on the softcopy image display 32, or on an external video
display 46. In the case that the video summary is stored
as metadata providing an indication of the video frames
in the digital video sequence corresponding to the video
summary, the video summary can be extracted and dis-
played as described in FIG. 5. In particular, the digital
video capture system can also perform the role of a
"smart" video player and can extract appropriate video
and audio data based on the metadata.
[0100] In some embodiments, a user interface can be
provided to enable a user to review the video summary
and decide whether or not it is acceptable. If the user
determines that the video summary is not desirable, the
digital video capture system can provide a means,
through user controls 34, to present the user with an op-
tion to request a video summary with user adjusted user
settings. These adjusted user settings can include, for
example, the length of the video summary, the minimum
length of a key video snippet in the video summary, or
the number of key video snippets to be included in the
video summary. In some embodiments, the system can
automatically form a series of video summary options
using different settings or different variations of the iden-
tify key video snippets step 250. Thus a user can effec-
tively be enabled to choose between multiple video sum-
mary versions, thereby decreasing the likelihood that no
satisfactory video summary is produced, and increasing
the overall success of the feature.
[0101] This described digital video capture system pro-
vides the advantage that a series of video summaries
can be generated and reviewed quickly, without having
to decompress the stored compressed digital video se-
quence, and without having to encode the video summa-
ry as a new file.
[0102] Storing the video summary using a separate
video summary file is desirable in the case that the video
summary is to be shared across a network or with any
device not equipped with a "smart" video display that can
interpret the metadata contained in the compressed dig-
ital video sequence and thereby extract the video sum-
mary. In this case, the stored representation of the digital
video summary generated by the processor 20 of the
digital video capture system can be a digital video file
stored in a format adapted to be played using a standard
video player. In some embodiments, the video summary
is always stored as a separate video summary file. Alter-
nately, a user control 34 can be provided to allow the
user to select the preferred method for storing the video
summary. In some embodiments, the video summary can
be stored as a separate video summary file in response
to a user initiating a "share" button on the user interface.
[0103] In embodiments where the digital video capture

system stores the video summary as a separate file, the
processor 20 can further perform the step of storing a
representation of the video summary as a digital video
file in a processor-accessible memory. In this case, the
processor 20 is provided with software to decompress at
least the portion of the stored compressed digital video
sequence corresponding to the video summary, and then
compress the extracted video frames to form a com-
pressed video summary, which can be stored in a proc-
essor-accessible memory. Further, the processor 20 in
the digital video capture system can perform the step of
decompressing at least part of the stored compressed
digital video sequence to extract audio samples corre-
sponding to the video summary, compressing the extract-
ed audio samples and including the compressed extract-
ed audio samples in the compressed video summary.
[0104] Sharing of video files across computer networks
is also facilitated by lowering the spatial or temporal res-
olution or the original video sequence prior to sharing.
The processor 20 in the digital video capture system can
further re-sample the extracted video frames to produce
extracted video frames at a different spatial or temporal
resolution. The present invention is advantageous in that
it allows a lower resolution video summary file to be
formed without decompressing the entire original com-
pressed digital video sequence. Only the compressed
digital video data relevant to generating the video sum-
mary need be decompressed. This allows faster trans-
coding from the original compressed digital video se-
quence to the video summary.
[0105] Sharing of video files across networks is also
facilitated by increasing the aggressiveness of the com-
pression used to decrease the size of the compressed
digital video sequence. The processor 20 in the digital
video capture system can further compress the extracted
video frames at a more aggressive compression setting
than the stored compressed digital video sequence to
produce a highly compressed video summary. The
present invention is advantageous in that it allows a more
highly compressed video summary file to be formed with-
out decompressing the entire original compressed digital
video sequence.
[0106] The image sensor 14, optical system (lens 4),
processor 20 and softcopy display (image display 32) of
the digital video capture system can all be components
of a digital video camera, and a user interface control on
the digital video camera can be user to provide the user
with the option to view either the stored compressed dig-
ital video sequence or the stored video summary on the
softcopy display of the digital video camera. In this frame-
work, a user can capture a video on a digital video cam-
era, immediately view a summary version of the video,
request modifications if desired, then choose to share
the video summary, whereby a separate video summary
file can be generated and shared.
[0107] The digital video camera can also be connected
to an external softcopy display, such that the user can
view either the stored compressed digital video sequence
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or the stored video summary on the external softcopy
display.
[0108] The softcopy display can also be a component
of an independent video viewing system capable of ac-
cessing the stored digital video sequence and the stored
video summary, and the user interface control on the
digital camera can provide the user the option to view
either the stored compressed digital video sequence or
the stored video summary on the softcopy display.
[0109] The processor 20 of the digital video capture
system can further provide video transition effects that
are applied between the key video snippets when forming
the video summary. The results of the video transition
effects can be computed at the time of display. This is
particularly advantageous for a video summary stored
as metadata associated with a stored compressed digital
video sequence.
[0110] In some embodiments of the present invention,
the processor 20 of the digital video capture system au-
tomatically selects video transition effects from a plurality
of available transition effects by analyzing the key video
snippets. Fade-to-white transitions are preferable with
some video content, while fade-to-black can be prefera-
ble with other video content, and additional different video
transitions can be preferred for additional other video
content. Automatic analysis of the key video snippets can
provide information indicating which video transition ef-
fect provides the best visual result between two key video
snippets.
[0111] Audio transition effects can be handled in a sim-
ilar fashion. The processor 20 of the digital video capture
system can further include audio transition effects that
are applied between the key video snippets when forming
the video summary. The results of the audio transition
effects can be computed at the time of display.
[0112] In another embodiment of a digital video capture
system according to the present invention, the processor
20 applies a variation of the identify key video snippets
step 250 which involves automatically analyzing the fea-
ture values, along with information contained in the
stored compressed digital video sequence, to identify the
key video snippets. In this embodiment, speed is sacri-
ficed in exchange for additional information available
when determining key video snippets comprising the vid-
eo summary. In many cases, the processor 20 may not
have compute cycles available to compute all the desired
feature values at capture time. In this case, the stored
compressed digital video sequence can be partially de-
compressed to extract information to be used in the cal-
culation of key video snippets. For example, audio infor-
mation contained in the stored compressed digital video
sequence can be extracted in some embodiments of the
present invention. Additionally, video information con-
tained in the stored compressed digital video sequence
can also be extracted in some embodiments of the
present invention.
[0113] Another feature enabled by the present inven-
tion is an assisted manual trim feature. Many digital video

capture devices offer an editing feature of manual trim,
wherein a user may review a captured video, and elect
to trim from the beginning and end of the video. Using
the present invention, a video summary comprising a sin-
gle key video snippet can be formed, and the beginning
and end points of the video summary are provided as
suggested manual trim points.
[0114] Note that the process of determining feature val-
ues at capture time and using the determined feature
values after capture can be useful for other applications
in addition to forming a video summary. Other options,
including using the feature values to determine key
frames in a video are considered within the scope of this
invention.
[0115] Many digital video sequence compression al-
gorithms use groups of pictures when encoding the vid-
eo. A group of pictures includes an independently coded
video frame, together with additional video frame which
rely on information from at least one other video frame
in order to be decoded. One popular instantiation of a
group of pictures is to have an independently encoded
frame (an ’I’ frame) followed by a sequence of predictive
encoded frames (’P’ frames) in which each ’P’ frame is
predicted from the previous frame. The group of pictures
ends and a new group of pictures begins with the next ’I’
frame. In such a compression scheme, ’I’ frame offer ac-
cess points into the compressed digital video sequence,
wherein frames can be extracted starting at an ’I’ frame.
In particular, entire groups of pictures can be extracted
from a compressed digital video sequence and transcod-
ed into a video summary only requiring decoding of head-
er information indicating the location of and number of
compressed bytes comprising the group of pictures. Thus
it can be advantageous when forming a video summary
to impose a constraint that the starting frame of each key
video snippet is an ’I’ frame beginning a group of pictures,
and preferably the key video snippet contains an exact
number of groups of pictures. This constraint allows the
generation of a separate video summary file with minimal
decompression of the original compressed digital video
sequence.
[0116] A computer program product can include one
or more storage medium, for example; magnetic storage
media such as magnetic disk (such as a floppy disk) or
magnetic tape; optical storage media such as optical
disk, optical tape, or machine readable bar code; solid-
state electronic storage devices such as random access
memory (RAM), or read-only memory (ROM); or any oth-
er physical device or media employed to store a computer
program having instructions for controlling one or more
computers to practice the method according to the
present invention.

PARTS LIST

[0117]

2 flash
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4 lens
6 adjustable aperture and adjustable shutter
8 zoom and focus motor drives
10 digital camera
12 timing generator
14 image sensor
16 ASP and A/D Converter
18 buffer memory
20 processor
22 audio codec
24 microphone
25 pressure sensor
26 speaker
27 accelerometer
28 firmware memory
30 image memory
32 image display
34 user controls
36 display memory
38 wired interface
40 computer
42 tilt sensor
44 video interface
46 video display
48 interface/recharger
50 wireless modem
52 radio frequency band
58 wireless network
70 Internet
72 photo service provider
210 capture digital video sequence step
220 determine feature values step
230 compress digital video sequence step
240 store compressed digital video sequence step
250 identify key video snippets step
260 form video summary step
262 preview video summary step
264 user satisfied test
266 adjust user settings step
270 store representation of video summary step
410 capture digital video sequence step
420 store compressed digital video sequence step
430 identify key video snippets step
440 form video summary step
450 store video summary as metadata step
510 read data step
520 extract video frames step
530 form video summary step
540 display video summary step

Claims

1. A method for storing a video summary for a digital
video sequence captured with a digital video capture
device, comprising:

capturing a digital video sequence with the dig-

ital video capture device, wherein the digital vid-
eo sequence includes a plurality of video frames;
storing the digital video sequence in a proces-
sor-accessible memory;
identifying one or more key video snippets,
wherein each key video snippet is a set of video
frames from the stored digital video sequence;
assembling the key video snippets to form a vid-
eo summary; and
storing the video summary in a processor-ac-
cessible memory by storing metadata in asso-
ciation with the stored digital video sequence,
wherein the metadata provides an indication of
the video frames corresponding to the video
summary, and wherein the metadata further pro-
vides an indication of video transition effects to
be applied at boundaries between the key video
snippets when the video summary is displayed.

2. The method of claim 1 wherein the stored metadata
also provides an indication of the audio samples cor-
responding to the video summary.

3. The method of claim 1 further including storing meta-
data providing an indication of audio transition ef-
fects applied at boundaries between the key video
snippets.

4. A system for displaying video frames corresponding
to a video summary, comprising:

a display for viewing video frames; and
a processor for performing the steps of:

reading metadata stored in association with
a stored digital video sequence, wherein the
metadata provides an indication of the video
frames corresponding to a video summary,
and wherein the metadata further provides
an indication of video transition effects to be
applied at boundaries between the key vid-
eo snippets when the video summary is dis-
played;
extracting from the stored digital video se-
quence said video frames corresponding to
the video summary;
displaying said video frames corresponding
to the video summary on said display.

5. The system according to claim 4 wherein the step of
reading metadata further provides an indication of
the audio samples corresponding to the video sum-
mary.

6. The system according to claim 5 further including
extracting from the stored digital video sequence
said audio samples corresponding to the video sum-
mary.
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7. The system according to claim 5 wherein the step of
displaying said video frames corresponding to the
video summary on said display further includes ap-
plying video transition effects to the video frames
prior to display.

8. The system according to claim 4 wherein the meta-
data stored in association with the stored digital vid-
eo sequence is stored in the same file as the stored
digital video sequence.

9. The system according to claim 4 wherein the meta-
data stored in association with the stored digital vid-
eo sequence is stored in a separate file from the
stored digital video sequence.

Patentansprüche

1. Verfahren zum Speichern einer Videozusammen-
fassung für eine digitale Videosequenz, die mit einer
Vorrichtung für eine Aufnahme eines digitalen Vide-
os aufgenommen wurde, das Folgendes umfasst:

Aufnehmen einer digitalen Videosequenz mit
der Vorrichtung für die Aufnahme eines digitalen
Videos, wobei die digitale Videosequenz meh-
rere Videorahmen enthält;
Speichern der digitalen Videosequenz in einem
für einen Prozessor zugänglichen Speicher;
Identifizieren eines oder mehrerer Schlüsselvi-
deoschnipsel, wobei jeder Schlüsselvideo-
schnipsel eine Gruppe von Videorahmen von
der gespeicherten digitalen Videosequenz ist;
Zusammenfügen der Schlüsselvideoschnipsel,
um eine Videozusammenfassung zu bilden; und
Speichern der Videozusammenfassung in ei-
nem für einen Prozessor zugänglichen Spei-
cher, indem Metadaten in Verbindung mit der
gespeicherten digitalen Videosequenz gespei-
chert werden, wobei die Metadaten eine Angabe
der Videorahmen, die der Videozusammenfas-
sung entsprechen, bereitstellen und wobei die
Metadaten ferner eine Angabe der Videoüber-
gangseffekte, die an Grenzen zwischen den
Schlüsselvideoschnipseln, wenn die Videozu-
sammenfassung angezeigt wird, anzuwenden
sind, bereitstellen.

2. Verfahren nach Anspruch 1, wobei die gespeicher-
ten Metadaten außerdem eine Angabe der Audio-
abtastungen, die der Videozusammenfassung ent-
sprechen, bereitstellen.

3. Verfahren nach Anspruch 1, das ferner das Spei-
chern von Metadaten, die eine Angabe von Audioü-
bergangseffekten, die an Grenzen zwischen den
Schlüsselvideoschnipseln anzuwenden sind, bereit-

stellen, enthält.

4. System zum Anzeigen von Videorahmen, die einer
Videozusammenfassung entsprechen, das Folgen-
des umfasst:

eine Anzeige zum Projizieren von Videorahmen;
und
einen Prozessor zum Ausführen der folgenden
Schritte:

Lesen von Metadaten, die in Verbindung mit
einer gespeicherten digitalen Videose-
quenz gespeichert sind, wobei die Metada-
ten eine Angabe der Videorahmen, die ei-
ner Videozusammenfassung entsprechen,
bereitstellen und wobei die Metadaten fer-
ner eine Angabe der Videoübergangseffek-
te, die an Grenzen zwischen den Schlüs-
selvideoschnipseln, wenn die Videozusam-
menfassung angezeigt wird, anzuwenden
sind, bereitstellen;
Extrahieren aus der gespeicherten digitalen
Videosequenz der Videorahmen, die der Vi-
deozusammenfassung entsprechen;
Anzeigen der Videorahmen, die der Video-
zusammenfassung entsprechen, auf der
Anzeige.

5. System nach Anspruch 4, wobei der Schritt des Le-
sens der Metadaten ferner eine Angabe der Audio-
abtastungen, die der Videozusammenfassung ent-
sprechen, bereitstellt.

6. System nach Anspruch 5, das ferner enthält, aus der
gespeicherten digitalen Videosequenz die Audioab-
tastungen, die der Videozusammenfassung ent-
sprechen, zu extrahieren.

7. System nach Anspruch 5, wobei der Schritt des An-
zeigens der Videorahmen, die der Videozusammen-
fassung entsprechen, auf der Softcopy-Anzeige fer-
ner enthält, Videoübergangseffekte auf die Vide-
orahmen vor der Anzeige anzuwenden.

8. System nach Anspruch 4, wobei die Metadaten, die
in Verbindung mit der gespeicherten digitalen Vide-
osequenz gespeichert sind, in derselben Datei wie
die gespeicherte digitale Videosequenz gespeichert
sind.

9. System nach Anspruch 4, wobei die Metadaten, die
in Verbindung mit der gespeicherten digitalen Vide-
osequenz gespeichert sind, in einer von der gespei-
cherten digitalen Videosequenz getrennten Datei
gespeichert sind.
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Revendications

1. Procédé de stockage d’un résumé vidéo d’une sé-
quence vidéo numérique capturée par un dispositif
de capture vidéo numérique, comprenant les étapes
suivantes :

capturer une séquence vidéo numérique avec
le dispositif de capture vidéo numérique, où la
séquence vidéo numérique comprend une plu-
ralité de trames vidéo ;
stocker la séquence vidéo numérique dans une
mémoire accessible par un processeur ;
identifier un ou plusieurs extraits vidéo clés, où
chaque extrait vidéo clé est un ensemble de tra-
mes vidéo de la séquence vidéo numérique
stockée ;
assembler les extraits vidéo clés pour former un
résumé vidéo ; et
stocker le résumé vidéo dans une mémoire ac-
cessible par un processeur en stockant des mé-
tadonnées en association avec la séquence vi-
déo numérique stockée, où les métadonnées
fournissent une indication des trames vidéo cor-
respondant au résumé vidéo, et où les méta-
données fournissent en outre une indication des
effets de transition vidéo à appliquer au niveau
des limites entre les extraits vidéo clés lorsque
le résumé vidéo est affiché.

2. Procédé selon la revendication 1, dans lequel les
métadonnées stockées fournissent également une
indication des échantillons audio correspondant au
résumé vidéo.

3. Procédé selon la revendication 1 comprenant en
outre de stocker des métadonnées fournissant une
indication des effets de transition audio appliqués
aux limites entre les extraits vidéo clés.

4. Système d’affichage de trames vidéo correspondant
à un résumé vidéo, comprenant :

un affichage pour visualiser des trames vidéo ;
et
un processeur pour exécuter les étapes
suivantes :

lire les métadonnées stockées en associa-
tion avec une séquence vidéo numérique
stockée, où les métadonnées fournissent
une indication des trames vidéo correspon-
dant à un résumé vidéo, et où les métadon-
nées fournissent en outre une indication
des effets de transition vidéo à appliquer au
niveau des limites entre les extraits vidéo
clés lorsque le résumé vidéo est affiché ;
extraire de la séquence vidéo numérique

stockée lesdites trames vidéo correspon-
dant au résumé vidéo ;
afficher lesdites images vidéo correspon-
dant au résumé vidéo sur ledit affichage.

5. Système selon la revendication 4, dans lequel l’éta-
pe comprenant de lire les métadonnées fournit en
outre une indication des échantillons audio corres-
pondant au résumé vidéo.

6. Système selon la revendication 5, comprenant en
outre d’extraire de la séquence vidéo numérique
stockée lesdits échantillons audio correspondant au
résumé vidéo.

7. Système selon la revendication 5, dans lequel l’éta-
pe d’affichage desdites trames vidéo correspondant
au résumé vidéo sur ledit affichage comprend en
outre d’appliquer des effets de transition vidéo aux
trames vidéo avant l’affichage.

8. Système selon la revendication 4, dans lequel les
métadonnées stockées en association avec la sé-
quence vidéo numérique stockée sont stockées
dans le même fichier que la séquence vidéo numé-
rique stockée.

9. Système selon la revendication 4, dans lequel les
métadonnées stockées en association avec la sé-
quence vidéo numérique stockée sont stockées
dans un fichier séparé de la séquence vidéo numé-
rique stockée.
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