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REAL TIME VIDEO PROCESS CONTROL
USING GESTURES

TECHNICAL FIELD

[0001] The embodiments described herein relate generally
to real time interactive control of image processing by a video
capture device. More particularly, gestures can be applied in
real time to initiate processing of video data by one or more
video capture devices.

BACKGROUND

[0002] Small form factor video capture devices such as
camcorders and video capable portable media players often
utilize a touch-screen display to facilitate video image cap-
ture. Typically, a display portion of the touch screen is used
for previewing video during or after playback of the recorded
video. However, in order to process the video, the recorded
video data must be ported to another device, such as for
example, a host computer. Unfortunately, due to the portable
nature of these devices, immediate access to a host computer
can be difficult or impossible.

[0003] Therefore, there is a need to provide an efficient
method and apparatus for using a small form factor video
capture device to process video data in real time.

SUMMARY OF THE DESCRIBED
EMBODIMENTS

[0004] Itis anadvantage of the presently described embodi-
ments to provide real time interactive control of image pro-
cessing performed by a video capture device.

[0005] In one embodiment, a method is described. The
method can be carried out by performing at least the follow-
ing operations. A digital video source provides an unproc-
essed digital video stream at least some of which is directly
presented at a display in real time. A first gesture associated
with a first video process is sensed. In response to the sensed
gesture, at least a portion of the unprocessed digital video
stream presented at the display is modified in real time in
accordance with the first video process.

[0006] In one aspect, a second gesture associated with a
second video process is sensed in conjunction with the first
gesture. The first and second gestures are interpreted as a third
gesture associated with a third video process used to modify
the unprocessed digital video. For example, when the first
gesture corresponds to a selection process for selecting an
object image and the second gesture corresponds to an asso-
ciation process for associating at least two object images, the
third video process is interpreted as associating the selected
object images.

[0007] In another embodiment, a method for local control
of video processing performed at a first remotely located
video capture device is described. The method can be carried
out by performing at least the following operations. At a local
control device having a display, receiving in real time from
the first remotely located video capture device, a first unproc-
essed digital video stream that is presented at the local display
concurrent with the receiving. A first gesture associated with
a first video process is sensed at the local control device. The
local control device responds by generating and then sending
a first instruction to the first remotely located video capture
device. The first remotely located video capture device uses
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the first instruction to modify at least some of the first unproc-
essed digital video stream in real time in accordance with the
first video process.

[0008] In yet another embodiment, a real time method for
identifying an object image in a video formed of a plurality of
video frames is described. The method can be carried out by
performing at least the following operations. Receiving the
video wherein at least some of the plurality of video frames
includes object information corresponding to the object
image. Using the object information from at least some of
those video frames that include the object information to
generate a correlation value. In the described embodiment,
the correlation value indicates a degree of correlation
between the object image and an object profile in a database
of stored object profiles. The object image is identified by
associating the object image with the stored object profile
having the highest correlation value above a threshold corre-
lation value.

[0009] In still another embodiment a method for associat-
ing at least a first and a second object image in a digital video
formed of a plurality of digital video frames is described. The
method can be performed by receiving at least some of the
plurality of digital video frames at least some of which
include object information corresponding to the first object
image and the second object image. A correlation value
between the first and second object images is determined.
When the correlation value is greater than a threshold corre-
lation value, the first and second object images are deter-
mined to be associated and the digital video is modified in
accordance with the association.

[0010] In yet another embodiment, a video capture device
is described. The video capture device includes at least a
video source, a processor, and a display on which is presented
in real time an unprocessed digital video stream received
from the video source. The video capture device also includes
a touch sensitive surface arranged to sense a gesture corre-
sponding to a first video process. In response to the sensing of
the gesture, the processor modifies the unprocessed digital
video in real time in accordance with the first video process.
[0011] Other apparatuses, methods, features and advan-
tages of the described embodiments will be or will become
apparent to one with skill in the art upon examination of the
following figures and detailed description. It is intended that
all such additional systems, methods, features and advantages
be included within this description be within the scope of and
be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE
DUNPROCESSEDINGS

[0012] The described embodiments and the advantages
thereof may best be understood by reference to the following
description taken in conjunction with the accompanying
drawings.

[0013] FIG.1illustrates video capture device inaccordance
with the described embodiments.

[0014] FIG. 2 shows an external circuit used as control
device used for real time control of video processing carried
out by various video capture devices.

[0015] FIG. 3 shows a representative menu used for pro-
viding a plurality of pre-defined gestures each corresponding
to a particular video processing operation in accordance with
the described embodiments.
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[0016] FIGS. 4 and 5A-5B show representative video data
used by a recognition system in accordance with the
described embodiments.

[0017] FIG. 6 shows a flowchart detailing a process for
gesture control of video processing in real time.

[0018] FIG. 7 shows a flowchart detailing a process for
using gestures at a remote control to control local video
processing in real time.

[0019] FIG. 8 shows a flowchart detailing a process for
recognizing an object presented in a video field in accordance
with the described embodiments.

[0020] FIG. 9 shows a flowchart detailing a process for
determining a degree of correlation between at least two
different objects in a video field in accordance with the
described embodiments.

[0021] FIG. 10 shows a flow chart detailing process for post
processing of modified video data in accordance with the
described embodiments.

DETAILED DESCRIPTION OF
REPRESENTATIVE EMBODIMENTS

[0022] Inthe following paper, numerous specific details are
set forth to provide a thorough understanding of the concepts
underlying the described embodiments. It will be apparent,
however, to one skilled in the art that the described embodi-
ments may be practiced without some or all of these specific
details. In other instances, well known process steps have not
been described in detail in order to avoid unnecessarily
obscuring the underlying concepts.

[0023] This paper describes real time control of video pro-
cessing using a plurality of symbolic gestures. The plurality
of' symbolic gestures can be applied singly or in combination
to control the processing in real time of video received at and
by a video capture device. In the embodiments described
herein the video capture device can be a stand-alone device
such as a video camera. The video capture device can also be
part of another device such as a portable media player having
a camera suitably arranged to receive images that can be
presented in real time as video on a display screen. In one
embodiment, a touch sensitive input device can be used to
sense gestures provided by an object (such as auser’s finger or
fingers in combination) in contact with or in proximity to the
touch sensitive input device. In other cases, the touch sensi-
tive input device can be incorporated into a display device.
Still other embodiments describe hand gestures in either two
or three dimensions that can be sensed by the video capture
device using IR sensors, optical sensors, and so on. As with
the touch based gestures applied on or near the touch sensitive
input device, the hand gestures can be interpreted to provide
instructions for real time processing of the video by the video
capture device.

[0024] The gestures can be pre-defined by a gesture dictio-
nary resident on a storage device included in or accessible to
the video capture device. On the other hand, the gestures can
be defined on an ad hoc basis (by auser, for example) in order
to provide an active list of gestures that can be updated and
otherwise modified as necessary or desired. In one embodi-
ment, a gesture can be simply connected by which it is meant
that the gesture can take the form of a continuous shape. In
this way, the simply connected gesture can be formed without
breaking contact with the touch sensitive surface thereby
minimizing disruptive motions caused by repeatedly lifting
and placing an object (such as a user’s finger) onto the touch
sensitive surface. Alternatively, non simply connected ges-
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tures that require repeatedly lifting and placing of the object
onto the touch sensitive surface can disrupt the video captur-
ing process when applied directly to the video capture device.
For example, if the video capture device is lightweight or
portable, placing and lifting a finger on a touch sensitive
display can cause the video capture device to move resulting
in spurious movements in the video. Non simply connected
gestures can, however, be better suited for use with a control
device, such as an iPhone™ or iPad™ manufactured by
Apple Inc. of Cupertino Calif., configured to remotely control
the video capture device. For example, if sufficient processing
resources are available at the control device and the available
bandwidth between the control device and video capture
device is adequate, real time video received at the video
capture device can be relayed directly to the control device for
presentation on a control device display. In this way, non
simply connected gestures applied to atouch sensitive surface
at the control device display can be used to process the video
received in real time from the video capture device without
causing unwanted image movement or other motion induced
artifacts.

[0025] Insomecases, atleasttwo gestures can be combined
to form a compound gesture. For example, a first gesture
associated with a first video processing operation can be
combined with a second gesture associated with a second
video processing operation. In this case, the first and second
gestures can be interpreted by the video capture device (or
control device) as a third gesture associated with a third video
processing operation. The third video processing operation
can be considered to be a combination of the first and the
second video operations. For example, a first gesture can take
the form of a selection gesture applied to an object or objects
presented on the display screen. The selection gesture can
correspond to a selection operation used to tag or otherwise
identify the selected object(s), portions of displayed content,
and so on for subsequent processing. For example, if a selec-
tion operation that tags objects (such as persons A and B) is
combined with a second gesture corresponding to an associa-
tion operation, then the combined gesture (selection and asso-
ciation) can be interpreted in such a way that persons A and B
are henceforth associated with each other. Subsequently, the
association can be deactivated by applying yet another ges-
ture in the form of, for example, a deactivation gesture. In this
way, at least for the duration of time that the association
operation was active, persons A and B are tagged as being
associated with each other in which case subsequent post
processing can be used to identify all video data in which both
persons A and B appear. In this way, a fast and efficient
mechanism for identification and subsequent post processing
of'the associated image objects can be realized.

[0026] One of the features of the described embodiments
provides for the flexible combination of various symbolic
gestures. Much like letters in an alphabet, the basic gestures
can be combined to form a script. The script can provide a list
of instructions that can be interpreted to sequentially modify
specific real time video operations. For example, a script can
be formed of basic symbolic gestures combined to provide
instructions that can be used to control both mechanical and
real time video processing of an appropriately configured
video capture device. For example, the script can call for a
face recognition system to search incoming video for a spe-
cific individual. One such face recognition system is
described in detail in U.S. patent application Ser. No. 12/436,
069 entitled “Organizing Images by Correlating Faces”
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which is incorporated by reference in its entirety for all pur-
poses. Once the specific individual is identified, the script can
call for the video capture device to further process the video
by zooming in (either digitally or by activating a mechanical
zoom controller) and tracking the specific individual in real
time. Still further, the script can call for the identification of a
second individual that when identified can be associated with
the previously identified individual. In this way, the symbolic
gestures can be combined to form complex operational
instructions that can be used by the video capture device or an
associated remote device in communication therewith.

[0027] These and other embodiments are discussed below
with reference to FIGS. 1-10. However, those skilled in the art
will readily appreciate that the detailed description given
herein with respect to these figures is for explanatory pur-
poses only and should not be construed as limiting.

[0028] FIG.1 illustrates video capture device 100 in accor-
dance with the described embodiments. Video capture device
100 can include video source 102. Video source 102 can
include imager 104 and optics 106. Imager 104 can convert
analog visual information received by way of optics 106 into
unprocessed digital video stream 108. In the described
embodiment, unprocessed digital video stream 108 can be
thought of as a stream of video unprocessed video data that
can take the form of a substantially continuous stream of
individual images (referred to as video frames or simply
frames). The individual images when viewed in succession at
what is referred to as a frame rate provide the illusion of
motion. It should be noted that the minimum frame rate (the
number of frames per unit of time of video) can be as low as
15 frames per second (fps). More typically, however, faster
frame rates are used. For example, cinema is usually shot at 24
fps (progressive scan) whereas NTSC television is specified
at 29.97 fps (progressive scan) or 60 fps interlaced. Digital
video data 108 can take on any number of digital video
formats such as serial digital, parallel digital, RGB, or con-
sumer digital video that can be uncompressed or compressed
using well known compression protocols (MPEG-2, MPEG-
4, and so on). Digital video data 108 can also be any number
and type of well known digital formats such as, SMPTE
274M-1995 (1920x1080 resolution, progressive or interlaced
scan), SMPTE 296M-1997 (1280720 resolution) as well as
standard 480 progressive scan video.

[0029] Video capture device 100 can include memory 110
and (optionally) auxiliary memory 112 (e.g., memory stick),
each suitably arranged for storing processed video data and
associated metadata (if any). Processor 114 can execute pro-
grammable instructions stored in memory 110 as application
116. Such instructions can be used to manipulate optics 106
into providing optical services such as zooming, focus con-
trol, and so on. Processor 114 can process video data 108 on
the fly (i.e., inreal time) in accordance with application 116 or
by instructions received from interface 118. In the described
embodiment, interface 118 can include touch I/O device 120
that can receive touch input for interacting with video capture
device 100 via a wired or wireless communication channel
and transceiver 122 arranged to establish a communication
channel between video capture device 100 and an external
circuit (not shown). Touch I/O device 120 can be used to
provide user input to video capture device 100 in lieu of or in
combination with other input devices. One or more touch [/O
devices 120 can be used for providing user input to video
capture device 100. Touch I/O device 120 can include a touch
sensitive panel which is wholly or partially transparent, semi-
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transparent, non-transparent, opaque or any combination
thereof. Touch 1/O device 120 can be embodied as any multi-
dimensional object having a touch sensitive surface for
receiving touch input. In one example, touch /O device 120
embodied as a touch screen can include a transparent and/or
semitransparent touch sensitive panel partially or wholly
positioned over at least a portion of a display. According to
this embodiment, touch I/O device 120 functions to display
graphical data transmitted from video capture device 100
(and/or another source) and also functions to receive user
input. In other embodiments, touch I/O device 120 can be
embodied as an integrated touch screen where touch sensitive
components/devices are integral with display components/
devices. In still other embodiments a touch screen can be used
as a supplemental or additional display screen for displaying
supplemental or the same graphical data as a primary display
and to receive touch input.

[0030] Touch /O device 120 can be configured to detect the
location of one or more touches or near touches on device 120
based on capacitive, resistive, optical, acoustic, inductive,
mechanical, chemical measurements, or any phenomena that
can be measured with respect to the occurrences of the one or
more touches or near touches in proximity to video capture
device 100. Software, hardware, firmware or any combina-
tion thereof can be used to process the measurements of the
detected touches to identify and track one or more gestures.
The gestures can be associated with commands executed by
processor 114 that can be used to process video data 108,
manipulate optics 106 and so on. A gesture can correspond to
stationary or non-stationary, single or multiple, touches or
near touches on touch I/O device 120. A gesture can be
performed by moving one or more fingers or other objects in
a particular manner on touch I/O device 120 such as tapping,
pressing, rocking, scrubbing, twisting, changing orientation,
pressing with varying pressure and the like at essentially the
same time, contiguously, or consecutively. A gesture can be
characterized by, but is not limited to a pinching, sliding,
swiping, rotating, flexing, dragging, or tapping motion
between or with any other finger or fingers. A single gesture
can be performed with one or more hands, by one or more
users, or any combination thereof.

[0031] In some embodiments, the external circuit can be
configured to act as a control device. If the processing
resources of the control device are adequate, the video
received in real time from video capture device 100 can also
be processed in real time at and by the control device. In some
embodiments, the processed video (and any metadata) can be
relayed back to video capture device 100 for storage and/or
further processing. In some cases, the video (and any meta-
data) processed at the control device can be stored in the
control device. In this way, the control device can supplement
the video processing and storage capabilities of video capture
device 100. In addition to interacting with only video capture
device 100, the control device can interact with a number of
other remotely located video capture devices. The interaction
between the control device and the various remotely located
video capture devices can include directing movement of the
video capture device itself (panning a scene, for example) as
well as controlling optical services such as zoom and focus
control at each of the video capture devices. For example, an
operator using the external circuit as a control device can
cause any of the remotely located video capture devices to
pan and zoom in tandem or independently of each other. In
addition to controlling the mechanical aspects of video-
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graphic process, the control device can also control various
real time video processing operations at each of the remotely
controlled video capture devices. In order to facilitate control
of the various remotely located video capture devices, a por-
tion of the control device display can be allocated as a control
window for each of the remotely controlled video capture
devices. In this way a user can easily control the operations of
a wide variety of video capture devices.

[0032] Processor 114 can execute instructions in real time
to modify video data 108 using any number of selected video
processing operations to form modified video data 124. The
instructions can be supplied locally at interface 118 or from
the external circuit. In any case, when the instructions are
executed by processor 114, the modified video data 124 can
be stored in memory 110 or auxiliary memory 112. Modified
video data 124 can be associated with metadata 126. Meta-
data 126 can be stored separately in memory 110 or auxiliary
memory 112 separately or as part of modified video data 124.
Inany case, metadata 126 can be used to reconstruct the video
data 108 (i.e., execute an “undo” operation) from the modi-
fied video data 124. Therefore, by using metadata 126, there
is no need waste valuable memory resources by storing both
modified video data 124 and unprocessed video data 108.

[0033] When the external circuit is configured to operate as
the control device, the instructions remotely provided to
video capture device 100 and executed by processor 114 can
be based upon commands associated with gestures sensed at
a gesture sensitive interface included in or associated with the
control device. In this way, the real time modification of video
data 108 can be controlled locally at video capture device 100
or remotely by the external circuit configured to operate as a
control device or by video capture device 100 and the control
device cooperating together. It should be noted in those situ-
ations where video capture device 100 is limited in memory
capacity or processing capability or both, the external circuit
can provide additional processing and or memory resources.

[0034] Video capture device 100 can include display screen
128 that can be used to present moving images 130 corre-
sponding to video data 108. It should be noted that in the
specific implementation discussed, the moving images pre-
sented on display screen 128 represent video received directly
from video source 102 along the lines of a viewfinder and as
such provides a real time display of images being received at
imager 104. Display screen 128 can be coupled with touch
1/0 device 120 to form a touch screen used to sense a gesture
that can be associated with video data processing instructions
executed in real time by processor 114. Processor 114 can
drive display 128 with graphical data to display a graphical
user interface (GUI). The GUI can be configured to receive
touch input via touch /O device 120. Embodied as a touch
screen, touch 1/0 device 120 can display the GUI. Alterna-
tively, the GUI can be displayed on a display separate from
touch 1/O device 120. The GUI can include graphical ele-
ments displayed at particular locations within the interface.
Graphical elements can include but are not limited to a variety
of displayed virtual input devices including virtual scroll
wheels, a virtual keyboard, virtual knobs, virtual buttons, any
virtual U], and the like. A user can perform gestures at one or
more particular locations on touch I/O device 120 which can
be associated with the graphical elements of the GUI. In other
embodiments, the user can perform gestures at one or more
locations that are independent of the locations of graphical
elements of the GUI. Gestures performed on touch I/O device
120 can directly or indirectly manipulate, control, modity,
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move, actuate, initiate or generally affect graphical elements
such as cursors, icons, media files, lists, text, all or portions of
images, or the like within the GUI.

[0035] Gestures may also affect non-displayed GUI ele-
ments (e.g., causing user interfaces to appear) or may affect
other actions within video capture device 100 (e.g., affect a
state or mode of a GUI, application, or operating system).
Gestures may or may not be performed on touch I/O device
120 in conjunction with a displayed cursor. For instance, in
the case in which gestures are performed on a touchpad, a
cursor (or pointer) may be displayed on a display screen or
touch screen and the cursor may be controlled via touch input
on the touchpad to interact with graphical objects on the
display screen. In other embodiments in which gestures are
performed directly on a touch screen, a user may interact
directly with objects on the touch screen, with or without a
cursor or pointer being displayed on the touch screen. Feed-
back may be provided to the user in response to or based on
the touch or near touches on touch I/O device 120. Feedback
may be transmitted optically, mechanically, electrically,
olfactory, acoustically, or the like or any combination thereof
and in a variable or non-variable manner.

[0036] Correlation generally describes a broad class of sta-
tistical relationships between two or more observed objects or
object images that can indicate a predictive relationship
between the correlated objects or object images. A correlation
coefficient can indicate a degree of relatedness between the
observed objects or object images. Therefore, in orderto infer
a relationship between observed objects or object images in a
video field, a correlation coefficient can be defined as simply
a total number of video frames that include the observed
objects or object images. If the total number of video frames
that include the observed objects or object images is greater
than a predetermined threshold value, then a reasonable cor-
relation between the observed objects or object images can be
inferred. Therefore, the implicit association attributed to the
observed objects or object images can be used in post modi-
fication processing to identify those portions of a modified
video in which the associated objects or object images are
included.

[0037] Accordingly capture device 100 can include recog-
nition system 132 arranged to recognize faces or objects by
correlating the faces or objects represented in video data 108
to a known set of faces or objects. Recognition system 132
can be implemented in software executed by processor 114 or
as a separate hardware component or as firmware. Recogni-
tion system 132 can access image data from video data 108 in
the form of video frames each of which contains information
that can be analyzed to determine, among other things, if a
human face is represented in video data 108. Once it is deter-
mined with a pre-determined probability that a human face or
faces is represented in video data 108, any video information
corresponding to the face or faces can be correlated against a
repository of information of known faces. A degree of corre-
lation equal or greater than a threshold value can indicate that
amatch has occurred providing a possible identification of the
individual whose face is represented in video data 108.

[0038] Video capture device 100 can use audio commands
received from audio input 134 to actuate real time video
processing. In this case, audio command 136 can be received
at audio input 134. In the described embodiment, audio input
134 can forward audio command 136 to processor 114 that
can convert audio command 136 into a recognizable instruc-
tion. It should be noted that in order to preserve the audio
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track of video data 108, audio command 136 can be received
from an audio input device separate from that provided by
video capture device 100. In some cases, however, if a sepa-
rate audio input device is not available, than any spurious
audio signals caused by audio command 136 on the sound
track of video data 108 can be removed electronically using
well known techniques of audio filtering.

[0039] Analysis of video data 108 can provide a basis for
establishing an implicit association between individuals,
between individuals and objects or between objects. By
implicit association it is meant that whenever at least two
entities correlate with each other (i.e., seen together, act in
tandem, etc.), an association can be presumed. For example,
two tennis players playing against each other can have a
negative correlation (one is hitting the ball while the other is
not) whereas those same players on the same doubles team
can have a positive correlation. Therefore, by determining the
relative correlation between these two players, an implicit
association can be assigned to each. It should be noted that the
large amount of information available in video data 108 can
greatly improve both the efficiency and accuracy of recogni-
tion system 132. For example, enhanced definition, uncom-
pressed NTSC video 480P at 30 frames per second (referred
to as 480p30) can provide 30 video frames per second each
frame being a full image formed of approximately 640x480
pixels (short term for picture elements).

[0040] FIG. 2 shows the external circuit used as control
device 200 to control (at least in part) real time video pro-
cessing conducted by remotely located video capture devices
in accordance with the described embodiments. Control
device 200 can be configured to wirelessly (or by way of a
cable) communicate with any number of remotely located
video capture devices and in so doing provide real time video
processing commands. Control device 200 can take many
forms not the least of which is a tablet computer along the
lines if the iPad™ tablet computer manufactured by Apple
Inc. of Cupertino, Calif. Control device 200 can wirelessly
communicate with any number and variety of remotely
located video capture devices using different wireless com-
munication protocols. For example, control device 200 can
wirelessly communicate with video capture device 100 by
way of wireless transceiver 122 using, for example, an 802.
11x (WiFi) communication protocol. At the same time, con-
trol device 200 can wirelessly communicate with stand alone
mobile wireless communication device 202. Mobile wireless
communication device 202 can take the form of a portable
media player such as an iPod Touch™ or a Smartphone such
as an iPhone™ each manufactured by Apple Inc of Cupertino,
Calif. In any case, device 202 can wirelessly communicate
with control device 200 using any appropriate wireless pro-
tocol such as the Bluetooth (BT) wireless communication
protocol. Using a wireless communication channel, video
capture device 100 can transmit images 130 in real time to
control device 200 concurrently with displaying images 130
on display 128. Images 130 can, in turn, be displayed in a
portion of display 204 of control device 200 using control
window 206 to distinguish from other images received from
other video capture devices. For example, mobile wireless
communication device 202 can transmit images 208 in real
time to control device 200 concurrently with presenting
images 208 on display 204 using control window 210 to
distinguish from images 130 presented in control window
206.
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[0041] Display 204 can also present a graphical user inter-
face (GUI) configured to receive touch input along the lines
discussed above with regards to display 128 and touch I/O
device 120. As above, a user can perform gestures at one or
more particular locations on display 204 which may be asso-
ciated with the graphical elements of the GUI. In other
embodiments, gestures can be performed at one or more
locations that are independent of the locations of graphical
elements of the GUI. Gestures performed on display 204 may
directly or indirectly manipulate, control, modify, move,
actuate, initiate or generally affect graphical elements such as
cursors, icons, media files, lists, text, all or portions of images,
or the like within the GUIL

[0042] When associated with touch I/O device 120, display
204 can sense gestures applied on or near the surface of
display 204. Gestures, in general, can take many forms. For
example, a gesture can take the form of a geometric pattern
(e.g., half-circle, circle, square, triangle, etc.), a symbol (e.g.,
check mark, question mark, simple arrow with any shaped
terminator, caret, etc.), letters, predetermined patterns, user
programmed patterns, and combinations thereof. When a ges-
ture is applied to display 204, control device 200 can auto-
matically determine a boundary corresponding to the selec-
tion indicated by a gesture using positional data
corresponding to the contours of the gesture on or near the
surface of display 204. In a particular implementation, that
portion of image 130 included within the boundary can be
annotated by, for example, displaying a highlighting halo or
other such indicia. It should be noted that in some embodi-
ments a prompt can be used to initiate any actions correspond-
ing to an applied gesture. In this way, a gesture even though
applied can be corrected or otherwise refined.

[0043] Inaccordance with the described embodiments, real
time video processing of video data 108 can be controlled by
applying an appropriate gesture at display 204 within the
boundaries of control window 206 (or by applying gestures
on or near display 128 or display 206). For example, gesture
212 can be created by applying an object such as finger 214 on
or near the surface of display 204. In this example, gesture
212 can take the form of a closed loop that encloses an object.
In this case, gesture 212 can enclose a portion of images 130
such as, for example, face 216. In this way, processor 114 in
video capture device 100 can process face 216 in real time in
accordance with instructions corresponding to gesture 212.
For example, if gesture 212 corresponds to a select function
that tags or otherwise identifies the content enclosed within
the boundary defined by gesture 212, then processor 114 will
tag or otherwise identify face 216. This tagging can be par-
ticularly useful when used in conjunction with a mechanism
for facial recognition used to identify individuals based upon
specific facial characteristics.

[0044] Gesture 212 can be sensed by display 204. Gesture
212 can correspond to a particular video processing operation
that can be carried out by processor 114 in real time. There-
fore, once gesture 212 is sensed by control device 200, pro-
cessing command 216 can be forwarded by way of bi-direc-
tional wireless communication channel 218 to processor 114
by way of wireless interface 122. In this way, processor 114
can operate on digital video data 108 in real time in accor-
dance with the instructions corresponding to gesture 212. In
some cases, processor 114 may not have sufficient processing
resources available to carry out the processing of digital video
data 108 called for by the received instructions. In this case,
control device 200 can assist processor 114 by processing
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video data 108 received at control device 200. The processed
video data can then be sent back to video capture device 100
for presentation at display 128. For example, if gesture 212
corresponds to a select function, then control device 200 can
provide instructions to processor 114 to select image 130 (or
portions thereof) included within the boundary of gesture
212. Oncethe select instruction is received, processor 114 can
tag or otherwise annotate image 130 in accordance with the
select instruction. It should be noted, that as with video cap-
ture device 100, any processing carried out by control device
200 is contemporaneous with the presentation of images on
display 204. In this way, display 204 (as with display 128) can
display images real time as relayed directly from video cap-
ture device 100 by way of wireless interface 122.

[0045] FIG. 3 shows representative GUI 300 for presenta-
tion on display 204. GUI 300 can include menu 302 that can
presents a number of pre-defined gestures. Menu 302 can be
presented by any of the displays 128, 204, or 208 concurrently
or independently of each other. For example, display 128 and
display 304 can each present menu 302, or its equivalent.
Menu 302 can include a number of pre-defined gestures as
well as gestures defined in a more ad hoc basis. In any case,
representative menu 302 can include at least selection gesture
304, pointing gesture 306 used to point to a specific portion of
image 130, facial recognition gesture 308 used to activate a
facial recognition application, associating gesture 310 used to
associate one or more objects and orientation fixing gesture
312 used to fix an orientation of an object or objects regard-
less of the orientation of video capture device 100. In some
modes, additional gestures can be added from an internal
dictionary on an ad hoc basis whereas in other modes, new
gestures can be created and associated with a particular video
processing operation or operations.
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[0046] By using various gestures in combination, complex
operations can be performed using nothing more than simple
geometric shapes, figures, lines, etc. For example, pointing
gesture 306 can be chosen, a copy of which can then appear on
display 204 and dragged to a position aligned with face 314 of
image 130. In this way, pointing gesture 306 indicates that
face 314 of image 130 is designated as a particular region of
interest. Facial recognition gesture 308 can be used to notify
processor 114 to identify (if possible) face 314 using any
available facial characteristics data stored in memory 110 or
available in video data 108. Moreover, orientation fixing ges-
ture 312 can be used to fix the orientation of the portion of
image 130 within the boundary of orientation fixing gesture
312. In this way, regardless of the orientation of video capture
device 100, image 130 will always be presented in the orien-
tation corresponding to that presented by display 204. In other
words, video data 108 will be processed in such a way that
moving images corresponding to modified video data 124
will be presented in the same orientation (either landscape or
portrait) regardless of the orientation of video capture device
100 at the origination of video data 108.

[0047] Table 1 illustrates various representative gestures
and associated function descriptions in accordance with the
described embodiments. As shown in Table 1, a number of
gestures can be used to instantiate any number of associated
video processing operations. Table 1 can represent in tabular
form a gesture dictionary or listing stored in or otherwise
available to video capture device 100 or control device 200. In
addition, gestures can be predefined using, for example,
established icons graphically presented in a graphical user
interface such as GUI 300 or in menu 302. In addition to using
established icons, Table 1 illustrates touch generated gestures
corresponding to some of the established gestures. For
example, the pointing gesture can be presented as an icon or
anad hoc gesture created using a finger or other object applied
to touch I/O device 120.
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7
TABLE 1
GESTURE TYPE FUNCTION Description
~ SIMPLE POINT TO OBJECT Points to objedt nage in video
.— 7/_)?/5
/’/‘\ \ AN jecti i
‘ b SIMPLE SELECT OBJECT Selects (tags) objectimage in
\ Y o video field
SIMPLE ASSOCIATE OBJECT Associate fqnctlon links object
images
AN TN ASSOCIATE Associates (links) object images
LA tB) COMPOUND OBJECTS A AND B Aand B
F SIMPLE OBJECT RECOGNITION Object recognition function
Fix orientation of displayed
SIMPLE FIX ORIENTATION video regardless of orientation
[— of captured video
Ge%e COMPOUND CANCEL GESTURE Cancels operation of gesture
7 Determines if there is an implied
\ SIMPLE IMPLIED ASSOCIATE association between objects A
and B
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[0048] The ability to use video data to facilitate facial rec-
ognition as well as to determine an association between
objects (including between individuals and between objects
and individuals) can be provided by the embodiments
described herein. With regards to recognition system 132,
video data is formed of a number of still images (frames) each
of which includes visual information. The visual information
can include facial characteristics used to identify a face pre-
sented in video data 108. The visual information can also
relate to an image of an object or objects that can be related to
each other or in some cases individuals presented in the video.
Since each video frame is essentially a full image, each image
can be used to provide information that can be used by rec-
ognition system 132. For example, recognition system 132
can review a number of the video frames in video data 108 for
facial characteristics data. The facial characteristics data can
be compared to facial characteristics data of known faces. If
there is a high correlation between at least one of the known
faces and the face presented in video data 108, then a prompt
can be posted indicating that the identity of the face presented
in video data 108 has been found. In some cases, a request to
confirm the suggested identity can be posted on display 128.
If the identity is correct, then an approval gesture can be
applied, otherwise, a suggested identity can be entered in
which case, further facial recognition processing can com-
mence.

[0049] In addition to providing more efficient and accurate
facial recognition services, recognition system 132 can use
video data 108 to determine if there is an implied association
between various images presented in video data 108. Implied
association, unlike the explicit association described above,
can be construed as arelationship between at least two entities
that is presumed based upon extrinsic factors such as duration
of proximity to each other, the actual proximity and the
amount of time in actual proximity to each other, correlated
actions made by or between the objects (if at least one of the
objects is an animate object) and so on. For example, if two
individuals are identified from the video data and it is deter-
mined that the two individuals are associated with each other
for at least a pre-determined number of consecutive, or nearly
consecutive, video frames, then an implicit association can be
assigned to the two individuals.

[0050] More specifically, FIG. 4 shows representative
video data 400 in accordance with the described embodi-
ments. It should be noted that video data 400 can be uncom-
pressed video data or compressed video data along the lines of
MPEG-2 or MPEG-4 without loss of generality. Assuming
for the moment that video data 400 is uncompressed, video
data 400 can include plurality of video frames 402 temporally
ordered from left to right starting at frame F,, and extending
to frame F,,,, For example, presuming that video data 400 is
enhanced definition, uncompressed NTSC video 480P at 30
frames per second (480p30), as many as 30 video frames per
second can be analyzed. By taking advantage of this infor-
mation, recognition system 132 can provide an efficient and
accurate facial recognition service. Allowing for sufficient
processing speed and resources, processor 114 can review
each of plurality of video frames 402 and identify facial
characteristics associated with an individual presented in
each frame. For example, frame F,, can present individual
404 having corresponding facial features 406, frame F, , , can
present individual 408 (which may be the same as individual
404) having corresponding facial features 410, and so on for
however many frames are deemed appropriate.
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[0051] For each frame reviewed, processor 114 can corre-
late and compare the facial features with each other to ascer-
tain whether or not individual 404 is the same as individual
408 and so on. In the situation where processor 114 has
determined that individuals 404 and 408 are likely the same,
then processor 114 can attempt to identify individual 404
using various facial recognition techniques such as those
described above. In some cases, it is not necessary to review
every video frame. For example, if there is most likely only a
few or even only one or two individuals being presented in
each frame, than a number of frames can be skipped since it is
unlikely that the identities of the individuals being presented
is going to change in the time between frames (which can be
on the order of 15 msec). In some embodiments, if it is
determined that digital video data 400 is compressed using,
for example, MPEG compression techniques, then only I
frames can be used since I frames include most of the video
information available (P and B frames being essentially esti-
mates of motion between corresponding I frames).

[0052] Using the data available in video data 400 can also
be used to imply associations between people and between
people and objects. For example, as shown in FIG. 5A, ifit is
determined that individual 502 and 504 appear together in the
same video frame, then a determination can be made if indi-
viduals 502 and 504 have motion that has a high correlation
with each other (either negatively or positively) in more than
a pre-determined number of video frames. In this way, an
association between individual 502 and 504 can be implied.
Using the example above, if as shown in FIG. 5A, individuals
502 and 504 are dancing together, and then there is likely a
high positive correlation between the motions exhibited by
individuals 502 and 504. In this way, the individuals 502 and
504 can be automatically associated with each other. On the
other hand, if as shown in FIG. 5B, there is no (or less than a
pre-determined degree) of correlation between individuals
502 and 504, then no association can be ascribed. In some
cases, the association (or lack thereof) between individuals
502 and 504 can be put in abeyance or otherwise modified if
directed by processor 114 based upon instructions from a user
received by way of interface 120.

[0053] FIG. 6 shows a flowchart detailing process 600 for
gesture control of video processing in real time. Process 600
can be performed by a video capture device having at least a
video source having optics and an imager, a processor, and a
display arranged to facilitate sensing gesture based inputs.
The video capture device can be a stand-alone device, such as
a video camera. The video capture device can also be part of
another device such as a portable media player having a
camera suitably arranged to receive images that can be pre-
sented in real time as video on the display screen. In one
embodiment, a touch sensitive input device can be incorpo-
rated into the display screen and be used to sense gestures
provided by an object (such as a user’s finger or fingers in
combination) in contact with or in proximity to the display
screen. Accordingly, process 600 can begin at 602 by provid-
ing unprocessed digital video stream by a video source. At
604, at least a portion of the unprocessed digital video stream
is directly presented in real time at a display. By directly
presented it is meant that images are presented at the display
directly from the video source. By unprocessed digital video
it is meant that the images presented at the display remain
essentially unchanged from those received at an imager used
by the video capture device to convert light into digital video
data.
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[0054] At 606, a first gesture can be sensed at the display or
at a gesture sensitive interface in cooperation with the display
in accordance with the presented video. In the described
embodiment, the first gesture can associated with a first video
processing performed by the processor. It should be noted that
gestures, in general, can take many forms. For example, a
gesture can take the form of a geometric pattern (e.g., half-
circle, circle, square, triangle, etc.), a symbol (e.g., check
mark, question mark, simple arrow with any shaped termina-
tor, caret, etc.), letters, predetermined patterns, user pro-
grammed patterns, and combinations thereof. At 608, the
processor can modify the video in real time by performing the
first video processing on the video. For example, if the first
gesture is associated with a selection processing, then those
portions of the video presented on the display that are within
a boundary defined by the first gesture can be tagged or
otherwise identified as being selected by the processor per-
forming the selection processing as indicated by the first
gesture.

[0055] FIG. 7 shows a flowchart detailing process 700 for
independently controlling image processing at remotely
located video capture devices using gestures sensed at a local
display. In the described embodiment, the remotely located
video capture device can be a portable media player equipped
with a video camera. The remotely located video capture
device can also be a standalone video capture device such as
a video camcorder. In any case, process 700 can begin at 702
by receiving in real time at a local control device having a
display, a first unprocessed digital video from a first remotely
located video capture device. The video can be received over
a wireless communication channel or over a wired commu-
nication channel. At 704, concurrent with the receiving, pre-
senting at the local display the first unprocessed digital video.
At 706, a first gesture associated with a first video process is
sensed in accordance with the presented first unprocessed
digital video. In one embodiment, the sensing can be touch
based carried out by a touch sensitive surface incorporated
within the local display or as a separate touch sensitive
device. At 708, an instruction corresponding to the video
process can be generated at the local control device and sent
at 710 to the remotely located video capture device for execu-
tion.

[0056] FIG. 8 shows a flowchart detailing process 800 for
using video data to recognize an object presented in a video
field in accordance with the described embodiments. Process
800 can begin at 802 by receiving video data that includes a
plurality of video frames some of which include object infor-
mation corresponding to an object image. At 804, information
from at least some of the plurality of video frames having the
object information is captured. At 806, a correlation value can
be generated. The correlation value can indicate that the cap-
tured object information corresponds to an object in a data-
base of stored object files. Next, at 808, a determination is
made whether or not the correlation value is greater than a
threshold correlation value. If it is determined that the corre-
lation value is not greater than the threshold correlation value,
then process 800 ends, otherwise control is passed to 810
where the object image is associated with the store object
profile having the highest correlation value. At 812, the video
data is modified to reflect the association. For example, if the
object image is a human face, then the object profile having
the highest correlation to the human face can be used to
identity of the human associated with the face.
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[0057] FIG. 9 shows a flowchart detailing process 900 for
determining a degree of correlation between at least two
different objects in a video field in accordance with the
described embodiments. Process 900 can begin at 902 by
receiving video data. The video data can include a plurality of
video frames some of which can include object information
corresponding to an object image. At 904, information from
atleast some of the plurality of video frames having the object
information can be captured. At 906, a determination is made
if there are at least two different objects represented by the
captured object information. If it is determined that there are
not at least two different objects represented by the captured
object information, the process 900 ends, otherwise, control
is passed to 908 where a correlation value indicating a degree
of correlation between the at least two different objects is
generated. At 910, a determination is made if the correlation
value is greater than a threshold correlation value. If it is
determined that the correlation value is not greater than the
threshold correlation value, the process 900 ends, otherwise
control is passed to 912, where the at least two different
objects are associated. At 914, the video data is modified to
reflect the association.

[0058] Associating image objects (be it explicitly or
implicitly) can provide substantial advantages in post pro-
cessing of modified video data 124. For example, FIG. 10
shows a flow chart detailing process 1000 for post processing
of modified video data in accordance with the described
embodiments. It should be noted that modified video data 124
can be stored in any number of memory devices located either
locally at video capture device 100 or remotely at control
device 200 or at a server computer made accessible through a
network such as that represented by the Internet. In any case,
process 1000 can begin at 1002 by retrieving modified video
data as working video data. The working video data can
include the modified video and corresponding metadata. In
some cases, it may not be efficient or feasible due to band-
width constraints or other considerations to transfer a large
amount of video data over a network or even between local
computers. In this case, retrieving 1002 can result in only the
metadata when the metadata includes video edits correspond-
ing to the modifications performed on (unprocessed) video
data 108. At 1004, a list of post processing operations can be
presented. The list of post processing operations can include,
for example, a list of associated image objects, a list of rec-
ognized faces, and so on. At 1006, at least one of the listed
post processing operations can be selected. For example, if a
user wishes to gather all video from the working video that
presents a particular recognized individual, then the user can
select an icon, for example, indicating that all video data
having the recognized individual to be retrieved for subse-
quent processing. Alternatively, the user can view all video
data from the working video that presents people, for example
that have been associated with each other either expressly or
impliedly. In this way, video data presenting those people (or
objects, or people and objects) considered to be associated
with each other can be retrieved for subsequent processing.
Therefore, once selected, the working video is modified in
accordance with the selected post processing operation at
1008.

[0059] The various aspects, embodiments, implementa-
tions or features of the described embodiments can be used
separately or in any combination. Various aspects of the
described embodiments can be implemented by software,
hardware or a combination of hardware and software. The
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non-transitory computer readable medium is any data storage
device that can store data which can thereafter be read by a
computer system. Examples of the computer readable
medium include read-only memory, random-access memory,
CD-ROMs, DVDs, magnetic tape, optical data storage
devices, and carrier waves. The computer readable medium
can also be distributed over network-coupled computer sys-
tems so that the computer readable code is stored and
executed in a distributed fashion.

[0060] The foregoing description, for purposes of explana-
tion, used specific nomenclature to provide a thorough under-
standing of the described embodiments. However, it will be
apparent to one skilled in the art that the specific details are
not required in order to practice the described embodiments.
Thus, the foregoing descriptions of the specific embodiments
described herein are presented for purposes of illustration and
description. They are not intended to be exhaustive or to limit
the embodiments to the precise forms disclosed. It will be
apparent to one of ordinary skill in the art that many modifi-
cations and variations are possible in view of the above teach-
ings.

[0061] The embodiments were chosen and described in
order to best explain the underlying principles and concepts
and practical applications, to thereby enable others skilled in
the art to best utilize the various embodiments with various
modifications as are suited to the particular use contemplated.
Itis intended that the scope of the embodiments be defined by
the following claims and their equivalents.

What is claimed is:

1. A method, comprising:

providing an unprocessed digital video stream from a digi-
tal video source;

directly presenting at least some of the unprocessed digital
video stream in real time at a display;

sensing a first gesture, the first gesture being associated
with a first video process; and

in response to the sensing, moditying at least a portion of
the unprocessed digital video stream presented at the
display in real time in accordance with the first video
process.

2. The method as recited in claim 1, further comprising:
storing at least the modified portion of the digital video
stream in a memory device as modified digital video.

3. The method as recited in claim 1, further comprising:

sensing a second gesture in conjunction with the first ges-
ture, the second gesture associated with a second video
process; and

interpreting the first and the second gestures as a third
gesture, the third gesture being associated with a third
video process.

4. The method as recited in claim 3, further comprising:

when the third video process is explicitly associating a first
object image and a second object image in the unproc-
essed digital video stream,

modifying only those portions of the unprocessed digital
video stream that include the associated first and second
object image; and

when the third video process is implicitly associating the
first object image and the second object image in the
digital video stream,

modifying only those portions of the unprocessed digital
video stream that include the implicitly associated first
and second object images.
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5. The method as recited in claim 2, further comprising:

storing metadata associated with the modified digital

video.

6. The method as recited in claim 5, further comprising:

processing a request to retrieve selected portions of the

modified digital video.

7. The method as recited in claim 6, further comprising:

presenting the retrieved portions of the modified digital

video; and

editing the retrieved portions of the modified digital video.

8. The method as recited in claim 1, wherein the gesture is
sensed at the display.

9. A method for local control of video processing per-
formed at a remotely located video capture device, compris-
ing:

receiving in real time at a local control device having a

display, a first unprocessed digital video stream from the
first remotely located video capture device;

concurrent with the receiving, directly presenting at the

local display, at least a portion of the first unprocessed
digital video stream;

sensing a first gesture at the local control device, the ges-

ture associated with a first video process;

generating a first instruction corresponding to the first

video process; and

sending the first instruction to the first remotely located

video capture device, wherein the first remotely located
video capture device modifies the first unprocessed digi-
tal video stream in real time in accordance with the first
video process.

10. The method as recited in claim 9, further comprising:

receiving in real time, a second unprocessed digital video

from a second remotely located video capture device
that is different from the first remotely located video
capture device;

concurrently with the receiving, presenting at least a por-

tion of the second unprocessed digital video in an allo-
cated portion of the local display;

sensing a second gesture in accordance with the presented

second video, the second gesture associated with a sec-
ond video process;

generating a second instruction corresponding to the sec-

ond video process; and

sending the second instruction to the second remotely

located video capture device, wherein the second
remotely located video capture device modifies the sec-
ond unprocessed digital video stream in real time in
accordance with the second video process.

11. The method as recited in claim 10, wherein the second
remotely located video capture devices operates indepen-
dently from the first remotely located video capture device.

12. The method as recited in claim 11, wherein the local
display is incorporated into a control device, the control
device being in wireless communication with the first and the
second remotely located video capture devices.

13. The method as recited in claim 12, wherein the first and
the second gestures are each sensed at the local display.

14. A method, comprising:

receiving video data, the video data including a plurality of

video frames some of which include object information
corresponding to an object image;

capturing the object information from at least some of the

plurality of video frames having the object information;
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using the object information to generate a correlation value
indicating a degree of correlation between the object
image and an object profile in a database of stored object
profiles;

associating the object image with the stored object profile

having the highest correlation value above a threshold
correlation value; and

modifying the video data based on the associating.

15. The method as recited in claim 14, wherein the object
image is a human face.

16. The method as recited in claim 14, further comprising:

if there is no correlation value greater than the threshold

value, then

capturing additional object information and repeating the

using and associating.

17. The method as recited in claim 14, further comprising:

identifying the object image based upon the correlation

with the stored object profile.

18. The method as recited in claim 17, wherein when the
object image is a human face, then the identifying is the
identity of a human associated with the human face.

19. A method, comprising:

receiving video data, the video data including a plurality of

video frames some of which include object information
corresponding to an object image;

capturing the object information from at least some of the

plurality of video frames having the object information;
determining if there are at least two different object images
represented by the captured object information;
generating a correlation value between the at least two
different object images;
associating the two different object images when the cor-
relation value is greater than a threshold correlation
value; and

modifying the video data based upon the associating.
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20. The method as recited in claim 19, wherein if the at least
two different object images are human faces, then

determining an identity of at least one of the two human
faces.

21. A video capture device, comprising:

a video source arranged to convert analog visual informa-
tion into an unprocessed digital video;

a processor; and

a display arranged to directly receive and present in real
time the unprocessed digital video from the video
source; and

a gesture sensitive layer arranged to sense a first gesture in
accordance with the presented video, wherein the first
gesture corresponds to a first video process, and wherein
in response to the sensing of the first gesture, the pro-
cessor operates on the presented video in real time in
accordance with first video process.

22. The video capture device as recited in claim 21,
wherein when a second gesture is sensed in accordance with
the presented video, the second gesture being associated with
a second video process, the processor interprets the first and
the second gestures as a third gesture, wherein the third ges-
ture is associated with a third video process.

23. The video capture device as recited in claim 22,
wherein the third video process is a combination of the first
and the second video processes.

24. The video capture device as recited in claim 21, further
comprising:

a memory device arranged to store the modified video and
metadata associated with the modified video, wherein
the metadata is used to restore an original video from the
modified video.



