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(57) Abstract: An image capture system is described that includes: a first image capture device for capturing a first image, the first
image capture device having a first field of view; a viewpoint assessment sensor having a second field of view. The image capture
system also includes a viewpoint assessment component for determining the location of the user viewpoint in the second field of
view and an image modification component for modifying the first image responsive to the user viewpoint in the second field of
view.
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SYSTEM AND METHOD OF MODIFYING AN IMAGE

BACKGROUND

10001} One step in taking a photograph or capturing video is framing of the
desired image. Many cameras include an LCD display or viewfinder facing the
user which displays the framed image before and after image capture. Users can,
for example, adjust the image displayed in the LCD display using a combination of
camera movement {the user physically moving the camera location} and zoom
control to frame the desired image. For many commercially available consumer
cameras, when a user raises the camera o frame a picture, the image displayed
on the viewfinder does not relale to the user’s view of the scene past the camera,
but instead depends only on the orientation of the camera and the position of its
zoom control. This mismatch betwsen the user’'s and the camera’s view directions
can be especially problematic when the view of the viewlinder is impaired, washed
out by strong sunlight, for example. Conlrast this to the simple way in which a
cinematographer frames a shot with their fingers: by simply moving the "frame” in
front of their view, including closer (o and further away from their viewpoint (to
include more or less of the image respectively). They are able to directly select the

view they want to capture — without recourse o additional controls such as zoom.

BRIEF DESCRIPTION OF DRAWINGS

160023 The figures depict implementations/embodiments of the invention and
not the invention itself. Some embodiments are described, by way of example,

with respect to the following Figures.
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0003} Figure 1 illusirates a block diagram of an image caplure system for

framing an image according to an embodiment of the invention;

10004} Figure 2A  iHlustrates a side cross-sectional view of a user eye
position, where the user's eyes are in a first posilion relative {o the image caplure

system of Figure 1 according o an embodiment of the invention;

[ogos Figure 2B iHllusirales a side cross-sectional view of a user eye
position, where the user's eyes are in a second position refative to the image

capture system of Figure 1 according to an embodiment of the invention;

10066) Figure 2C  illustraies a side cross-sectional view of 3 user eye
position, where the user's eyes are in a third position relative to the image caplure

system of Figure 1 according o an embodiment of the invention;

166071 Figure 3 illustrates a side cross-sectional view ilustrating the fisld of
view of the framing system described in Figure 1 according to an embodiment of

the invention;

[6008] Figure 4A Hlustrates a flow diagram of a method of framing an image

for display according to an embodiment of the invention;
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60081 Figure 48 Hlustrates a flow diagram of a step of modifying the first

captured image for display according to an embodiment of the invention;

10010] Figure 5 shows a computer system for implementing the method
shown in Figures 4A and 4B described in accordance with embodiments of the

present invention.

100111 The drawings referred to in this Brief Description should not be

understood as being drawn to scale unless specifically noted.
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DETAILED DESCRIPTION OF EMBODIMENTS

0012} For simplicity and illusiralive purposes, the principles of the
embodiments are described by referring mainly to examples thereof. In the
following description, numerous specific details are set forth in order to provide a
thorough understanding of the embodiments. It will be apparent, however, {o one
of ardinary skill in the art, that the embodiments may be practiced without limitation
to these specific details. Also, different embodiments may be used together. In
some instances, well known methods and structures have not been described in

detail s0 as notl to unnecessarily obscure the description of the embodiments.

o013 Referring to Figure 1 shows a block diagram of an image capture
system according to an embodiment of the invention.  The image caplure system
100 includes at least a first image caplure device and at least a first viswpoint
assessment sensor. In the image capiure system the first image capture device
capiures a scene or object of interest  while the viewpoint assessment sensor
captures information that can be used in defermining the user viewpoint. Referring
to Figure 1, the image capture system 100 is comprised of: a first image caplure
device 110 for capluring a first image, the first image capture device having a first
fisld of view 112; a viewpoint assessment sensor 116 for capluring user viewpoint
information, the viewpoint assessment sensori 16 having a second field of view
118; a2 viewpoint assessment component 122 for determining the location of the
user viewpoint in the second fisld of view,; and an image modification component
124, for modifying the first image responsive o the user viewpoint in the second

ficld of view.
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160141 As previously stated, the image capture system 100 includes at least
a first image capture device 110 and a viewpoint assessment sensor 116, In
addition to the first image capture device 112 where the lens is facing the object or
scene 1o be caplured, the image caplure system 100 of the present invention
includes a viewpoint assessment sensor 116 for capturing the viewpoint of the
user taking the photograph or video images. The viewpoint assassment sensor
116 is positioned to capture information about a user and also his position in front
of the viewlinder display area 128. This additional information can be used to
determine the user viewpoint. The user viewpoint information is used to modify the
image of the scene captured by the first image capture device, so that the modified
image appears 1o be from the user's viewpoint, Thus, instead of the view framed
by the viewfinder display 128 being centered on the direction of the camera lens of
the first image capture device 110, it s instead reflective of the viewpoint of the

user taking the photograph.

[6015] A mismaich between what is displayed and what is seen by the user
can occur if there is a difference between the view direction of the camera lens and
the view of the scene past the camera seen by the user's eyes. A goalofthe
present invention is to change the viewfinder display content so that it substantially
gliminates any human perceivable mismatch that occurs between what the useris
viewing past the camera and what is being framed by the viewfinder display 128.
Having the caplured image display what the user is actually sesing provides an

infuitive and easy o use interface for the user.

16016} in one embodiment of the invention, a simple opening through the
body of the camera serves as the viewhinder display 128, instead of the commonly
available LCD or OLED display. The caplured first image would be modiied to
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correspond 1o the user's view framed by this opening in the camera. However, an
embodiment that uses a conventional display screen for the viewfinder 128 has
increased functionality, enabling, for example, review of capiured images. During
the image framing process, because the capturad image is modified according to
the user's viewpoint, the display would appear to simulate a rectangular opening

through the camera.

100171 The image caplure device 110 or the viewpoint assessment sensor
116 may be a camera or video camera device capable of capluring an image in
analog or digital form. in one embodiment, the first image caplure device 110
and/or the viewpaoint assessment sensors may be depth cameras. Using a depth
camera provides increased flexibility with respect to the methods available for
determining user viewpoint and potentially increases the accuracy of the position
dependent correction methods used o provide improved modification of the first

image.

6018} The image caplture system housing 132 shown has both a front
surface 136 and g back surface 138, where the front and back surfaces are
substantially planar and parallel to each other. The first image capture device 110
is rear facing and the lens of the camera is embeddead in or exiends from the first
rear surface 138, The first image capture device 110 has & first field of view 112,
the boundaries of which are represented by dotted lines 112a, 112b. The user
positions the camera so that the field of view 112 of the lens of the first camera 110

encompasses the chiects that the user wanis to take a photograph or video of.
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160191 The viewpoint assessment sensor 116 is front facing and is
embeddead in or exiends from the second front surface 136. The viewpoint
assessment sensor 116 has a second field of view 118 the boundaries of which are
represented by dotled lines 118a, 118b . The goal of the viewpoint assessment
sensor 116 is to determine the user’s viewpoint in space with respect {o the
camera, more specifically with respect {0 the plane of the viewfinder frame 128, As
fong as the user is in the range and field of view of the viewpoint
assessmentsensor, information can be exiracted that can be used o determine the

Lser viewpoint.

10028 in one embodiment of the system shown in Figure 1, the viewpoint
assessmeni sensor 118 is a second image caplure device posilioned (o face
towards the user o capture the user’'s head location, position and/or facial details.
in the embodiment shown in Figure 1, the dotted lines 118a, 118b show the
capiure range or field of view of the lens of the image capture device 1186, The
field of view of the image caplure device is dependent upon the upon the type of
image capiure device used and the position of the camera. Referring to Figure 1,
the data 144 from the second image capture device 116 is used by the viewpoint

assessment component 120 to determine the user's viewpoint.

o021 The display controller component 148 includes: a viewpoint
assessment component 122 and an image modificalion component 124, The
captured image daia 144 from the second image capture device is input info the
viewpoint assessment component 122, The second image includes image data
regarding a user within the field of view of the second image capture device.
information regarding the viewpoint of the user can be exiracted from the second

image o determine the user viewpoint, Image information 148 from the first image

7
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capture device 110 is input into the image modification component 124, Using data
150 regarding the user viewpoint from the viewpoint assessment component 122
and data 148 from the first captured image, the image modification componsnt
124 delermines how to modify the first captured image to more closely maich the
user viewpoint. The modified image 154 is output to the LCD display screen 128
for viewing by the user. Thus the user, when viewing the LCD display will see the
image reflective of the camera location with respect o his own viewpoint — and not

the view direction of the camera lens on the rear facing side of the camera.

10022] irt one embodiment, the timing of the image capture of the first and
second image capture is coordinated so that the image that is captured by the first
image caplure device corresponds to the user viewpoint (caplured by the second
image capture device) at substantially the sams time 11 or within a predefined
delay. This way as the user viewpoint changes, the corresponding image/scene

that is seen by the user at the same time is modified.

16023} By displaying what the user is actually seeing, the present invention
is allempting to simulate the image capture of the image in front of the useras if
the image capture system was transparent and the user was placing a frame in the
air to capture the scene behind the frame.  In many commercially available
cameras, where the view captured is the view from the camera lens, the view does
not change unless you change the camera position. However, in the present
invention the view being captured is viewpoint dependent, if the user moves his

head position, the displayed view changes.
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100241 Figures 2A-20 Hlustrate how changes in the user viewpoint with
respect to the image capture system changes the image captured by the system
100. Figure 2A  illusirates a side cross-seclional view of a user eye position,
where the user's eyes are in a first posttion relative (o the image caplure sysiem of
Figure 1. The lines 210a, 210b extending from the user’s eyes to the side
boundaries of the display screen 128 of the camera are illustrative of the
boundaries of the view frustum defined by the user viewpoint and the boundaries of
the plane of the viewfinder display. In the Figure 2A, a user view frustum shown by
the lines 210a, 210b, looking through the LCD display screen 128, would
encompass the cylindrical object 220, The object in the view frustum - the cvlinder
220~ would be captured by the image capture system 100 and displayed on the
display 128. However because the present invention is user viewpoint dependent,
the cube 230 which is not in the user’s view frusium, would not appesar on the LCD

display screen 128.

160251 Figure 28 illusirates a side cross-sectional view of a user eye
position, where the user’s eyes are in a second position relative to the image
capture system of Figure 1. Compared to the llusirated eye position shown in
Figure 24, the user eye position shown in Figure 2B is shifted upwards {see arrow
228}, Inthe Figure 2B, a user view frustum shown by the lines 210a, 210b, looking
through the LCD display screen 128, would encompass the cube 230, The object
in the view frustum - the cube 230- would be capturad by the image capture
system 100 and displayed on the display 128. However because the present
nvention is user viewpoint dependent, the cylinder 220 which is not in the user's

view frustum, would not appear on the LCD display screen 128,
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0026} Figure 20 illustrates a side cross-sectional view of a user eye
position, where the user's eyes are in a third position. Relative to the embodiment
shown in Figures 24 and 2B, the user’s eye position {see arrow 232) is moved
closer to the display. The user visw frustum shown by the lines 210a, 210b,
looking through the LCD display screen 128, would now encompass both the
cylinder 220 and the cube 230, Changing the distance between the user's eyes
and the display of the image capiure system 100 changes the apparent zoom of
the camera. Thus, for instance, moving the device closer to the user’s face would

have the effect of zooming the view out.

16273 Figure 3 illusirates a side cross-sectional view illustrating the field of
view of the image caplure system described in Figure 1. For the embodiments
shown in Figures 1-3, the image that is displayed on the viewlinder display screen
128 is at least in part dependent upon a user viewpoint.  In one embodiment,
based both on the user viewpoint and the boundaries of the display screen 128,
the display system 100 determines how to modify the first caplured image. Inone
embodiment, the lens of the first image caplure device is a wide angle lens and the
first captured image is modified by only choosing the portion of the first captured
image that corresponds (o the user’s view “through” the viewfinder display.  iIn
other words based on a user viewpoint, the displayed image presents a different
view of the caplured image than would be presented by the first image capture
device, such that the view of the image displayed on the display matches the user's
view direction with respect to the camera.  Further, as the user changes his
position {(angle from the display screen, distance from the display screen, efc.) then

his viewpoint (V) and thus the image on the display 128 changes.

10
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(4028} Referring to Figure 3 shows a view of the points used in one
implementation to generate g viewpoint from the perspective of a user. Although
different definitions of user viewpoint can be used, with respect to Figure 1 the
focation of the user viewpoint is described {(for purposes of discussion only) as the
position (V) located midway between the user’s two eyes. Relerring to Figure 3,
the dotted line 310 is representative of the line between the camera lens of the
second image caplure device and the user viewpoint. Although the term “user” is
used throughout, when used with respect 10 the viewpoint assessment sensors, the
term user refers to the features of the user {eyes, head and shoulders, face, etc.)
necessary for the viewpoint assessment component, (o determine the user
viewpoint, Eye position or location can be found using various technigues
including through the user of face detectlion software or by approximation from the

position of a tracking device being worn by the user.

100291 In one embodiment, determining the user's eye position is found
using IR (infrared) llumination. In this implementation, an IR illumination source
floods IR light in the vicinity of the user. In this case, the viewpoint assessment
sensor 1 116 is an IR sensitive device, typically an iR sensitive camera. IR lightis
reflecied off the user's retina and the IR sensitive camera (the viewpoint
assessment sensor} captures the user's eye location relative (o the display screen
and the object posttioned behind the display screen. Based on the location of the
user's eyes, the viewpoint assessment component determines the user’s viewpoint

with respect {0 the screen and the object.

10030 in an alternative embodiment, information about the user's eye
position {used to delermine the user’s viewpoint) can be achieved using face

detection software 180. In this case, the viewpoint assessment sensor 116 can be

11
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simple cameras. Based on the feature detection software 180 in the viewpoint
assessment component 122, the eye position of the user is located. Based on the

aye position of the user, the user viewpoint can be determined.

160313 irt an alternative embodiment, some form of active tracking of the
user's position is used. For example, the user could wear 3 device that is capable
of being tracked in 30 space. in one implementation, retro-reflective markers could
be applied to an object worn by the user {i.e. a headsel, a pair of glasses, eic.).
Based on the position of the tracked object, the viewpoint assessment component
software 110 provides an accurate approximation of the user’s eye location. In
another embodiment, the user could wear a device that emils a sound that would

allow the user to be tracked in 3D space.

106323 in another alternative embodiment, the eye location of the user can
he approximated using depth cameras as the viewpoint assessment sensor 116,
Depth cameras can include sensors that compute depth from stereo, depth from IR
time-of-flight, or depth from observing projected IR structured light. In this
implementation, a depth camera is used (o locate the user {user's head and
shoulder at & depth or depth range nearer to the depth camera) and the
background {at 2 depth or depth range further from the camera). The viewpoint
location can then be approximated as being at the center of the head shaped
region in the depth image. Any of the above techniques listed in the preceding
paragraphs can be combined o give a more accuraie determination of the

viewpoint location.

12
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G033] Figure 4A Hlustrates a flow diagram of a method of framing an image
for display according to an embodiment of the invention; Figure 44 illustrates a
Hlow diagram of a method of framing an image for display according to an
embodiment of the invention.  The method for framing an image for display
includes the sieps of: capturing a first image with a first image device, the first
image caplure device having a first field of view (410}; capluring viewpoint
assessment information with g viewpoint assessment sensor, the viewpoint
assessment sensor having a second field of view (step 420); using viewpaoint
assessment information to determing the location of the user viewpoint (430}); and
responsive to the user viewpoint, modifying the first image (440}, Inone
embodiment, the modified image is then displayed {(448) on the display screen 128
of the image caplture system 100,

10034} The method shown in Figures 4A and 48 are described generally with
reference 1o the image caplure sysiem, shown in Figure 3. Regarding Figure 44,
step 410 shows the step of capturing a first image with a first image capture device
110 having a first field of view 112, In Figure 3, the boundaries of the first field of

view are represented by lines 112a and 112b.

10035] Referring {o Figure 4A, step 420 is the step of capluring viewpoint
assessment information with a viewpoint assessment sensor having a second held
of view. This step covers mulliple types of sensors that can be used {o capture or
gather information thal can be used for determining user viewpoint. In one
embodiment, the viewpoint assessment sensor 116 is an ultrasound sensor and
active fracking of the user is used to determine the user viewpoint  For the case of
an ulfrasound sensor, the field of view is the caplure zone of the sensor. For the
case where the viewpoint assessment sensor is an image capture device, then the

13
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captured viewpoint assaessment information is a second captured image. Forthe
embodiment shown in Figure 3 where the viewpoint assessment sensor is an
image capiure device, the boundaries of the second field of view of the second

fmage capture device 118 are represented by lines 118a and 1180,

10036} Referring fo step 430, after capturing viewpoint assessment
information from the sensor | the viewpoint assessment information is used {o
determine the user viewpoint. In step 430, for the embodiment where the viewpoint
assessment sensor is an image caplure device - the front-facing camera {the
second image capture device) is used to ascerain the user's viewpoint, Howsver,
different systems and methods for determining the user's eye position and
viewpoint may be used. For example, in one embodiment, is the determination of
the user viewpoint is achieved by using a face detector software 180 on the output
of the front-facing camera (o determine user eye location and from user eye
tocation ~the user viewpoint. In other embodiments, other techniques are used {o
determine the user viewpoint including techniques such as, but not limited to the
techniques discussed with reference to Figure 3 including the following: using s
pair of front-facing cameras could supply depth from stereo when the assumption is
that the nearest object is the user's head; a camera could be augmentied using &
depth sensor (Ultrasound, structured light, or time-of-flight, for instance),
information capiured by the depth sensor could then be used to malch a 3D face
to determine user viewpoint in 3D; a wearable headsst could be sugmented o
assist in locating the user's head {g.g. act as an IR or ultrasound beacon) .

From the outpul image 144, the position of the user’s eyes and thus the location of
the user's viewpoint can be established. The location and size of the face in the

image is used to calculate the viewpoint in three dimensions relative o the device.

14
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160371 Referring (o Figure 4B, step 440 of Figure 4A is expanded o provide
further detsil regarding step (440) of modifying the first captured image for display,
for the case where the viewpoint assessment sensor is an image capture device.

in one embodiment, the first image is modified by: calculating the view frustum

{320 in Figure 3) based on the user viewpoint and the boundaries of the display
{step 450}, based on the calculated view frustum, delermining a user view portion
of the first image that corresponds to the calculated view frustum (330 in Figure

3H460); and modifying the first image o correspond {o the user view portion (470}

100381 in expanding the detall of siep 440 shown in Figure 4B |, once the
user's viewpoint with respect o the display is known, than a view frustum can be
calculated (450} using the known user viewpoint and the boundarias of the device
display 128. With reference to the image capture system shown in Figure 3, the
apex of the view frustum is the viewpoint (V). The view frustum is defined by the
apsx (V) and the boundaries of the display screen 128. In the embodiment shown
in Figure 3, the boundaries of the user's view frustum are represented by dotted
fines 320a and 320b.

1060381 Referring o Figure 4B, oncs the view frustum is calculatsd, a user
view portion of the first image is delermined that corresponds o the calculated view
frustum. The user view portion is a portion of the first image that is within the field
of view of the first image capture device that corresponds 1o the view frusium
boundaries 320a, 320b. in one embodiment, the goal is to define the user view
portion of the first image that comresponds o or approximately maiches the
boundaries of the user view frustum 320a, 320b. In the embodiment shown in
Figure 3, the portion of the first image that corresponds 1o the boundaries 330a
and 330b is chosen as being a close malch,

15
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00401 For the user view portion {the portion of the image falling within the
boundaries 330a, 330b) chosen for the embodiment shown in Figure 3, the user
view portion is selected from the image information in the first field of view (1123,
112b) that approximates the user’s field of view 320a, 320b in the first image. For
the embodiment shown, this maich is an approximation since the portion of the first
image selected within the boundaries 330a and 330a does not include all of the
image information in the user view frustum. Different techniques which select more
or less of the first image may be selected, however, some technigues may be more
computational intensive and simpler techniques may be chosen. For example, if
the user is photographing a landscape that is very far away then the angle between
330a/3300 will be very close to the angle 320a/320b. However if the useris
nhotographing something closer then they may be wider to try and capture what
the user sees. Information on the distance of objects in a scene normally oblained
by a typical camera system o enable automatic focusing can be used o determine
how far out the lines 320 and 330 should intersect. Further, because the
boundaries of the user view frustum 320a, 320b may not fall completely within the
boundaries of the first field of view, the user view portion may not include all of the
image information that falls within the user view frustum boundaries since this
information may not be captured by the first image caplure device.  However, the
goal is 1o include as much of the image information encompassed by the user view

frustum as possible.

16041} in one embodiment, the first image capture device 110 may have an
optical zoom capability. In this case the image modification component 124 could
control the amount of optical zoom (the angle between 1123 and 112b in Figure 3)

to maximize the image sensor arga corresponding to the user view frustum. For

16
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gxample, in Figure 3, the fisld of view of the lens could be reduced {(zooming in) o

more closely match the view frustum 330.

160421 Referring to Figure 4A, once the modified image is created, it is
displayed on the display screen 128, The displayed image is reflective of the
user's viewpoint. In one embodiment, the image capture system includes an
inferface for madifying the display so that the displayed image presenis a wider or

narrower field of view than the user’s view frustum.

160431 In one embodiment, the image capture system switches between
display modes dependent upon whether the user's eyes/face or delected. For
gxample, in the case where the image capture system might be positioned high
above the user’s face to shool over a crowd, for example - the image caplure
system would not detect the user’s face. In this case, the image capture system
would switch between a mode which displays a modified image reflactive of the
user viewpoint according to the present invention, to a conventional display output

mode which simply displays the first image.

{044} Figure 5 shows a computer system for implementing the methods
shown in Figures 4A-4B and described in accordance with embodiments of the
present invention. It should be apparent {o those of ordinary skill in the arl that the
method 400 represents generalized Hlustrations and that other steps may be added
or existing steps may be removed, modified or rearranged without departing from
the scopes of the method 400. The descriptions of the method 400 are made with
reference o the system 100 #Hlustraied in Figure 1 and the system 500 iHlustrated in

Figure 5 and thus refers to the elements cited therein. 1t should, however, be
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understood that the method 400 is not limited {0 the elements setforth in the
system 500. instead, it should be understood that the method 400 may be
practiced by a system having a different contiguration than that set forth in the
sysiem 500.

10045} sSome or all of the operations set forth in the method 400 may be
contained as utiliies, programs or subprograms, in any desired computer
accessible medium. In addition, the method 400 may be embodied by computer
nrograms, which may exist in a variely of forms both active and inactive. For
example, they may exist as soflware program(s) comprised of program instruclions
in source code, object code, executable code or other formats. Any of the above
may be embodied on a computer readable medium, which include slorage devices

and signals, in compressed or uncomprassed form.

10046} Figure 5 illustrates a block diagram of a computing apparatus 500
configured to implement or execule the methods 400 depicted in Figures 4A and
4B and described in accordance with embodiments of the present invention. In
this respect, the computing apparatus 500 may be used as a platform for executing
one or more of the functions described hersinabove with respect to the display

controller component 130.

160473 The computing appaeratus 500 includes one or more processor{s} 502
that may implement or execute some or all of the steps described in the methods
400. Commands and data from the processor 502 are communicaled over a
communication bus 504. The computing apparatus 500 also includes a main

memory 506, such as a random access memory (RAM), where the program code
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for the processor 502, may be execulad during runtime, and a secondary memaory
508. The secondary memory 508 includes, for example, one or more hard drives
510 and/or 3 removable storags drive 512, representing a removable flash memory
card, etc., where a copy of the program code for the method 400 may be stored.
The removable storage drive 512 reads from and/or writes to a removable storage

unit 514 in a well-known manner.

10048} These methods, functions and other steps may be embodied as
machine readable instructions stored on one or more computer readable mediums,
which may be non-transilory. Exemplary non-transitory computer readable storage
devices that may be used o implement the present invention include but are not
fimited to conventional computer system RAM, ROM, EPROM, EEPROM and
magnetic or optical disks or tapes. Concrete examples of the foregoing include
distribution of the programs on a CD ROM or via Internet download. In a sense,
the Internet itself is a compuler readable medium. The same is true of compuier
networks in general. it is therefore to be understood that any electronic device
and/or system capable of executing the functions of the above-described

embodiments are encompassed by the present invention.

100491 Although shown stored on main memory 506, any of the memory
components described 506, 508, 514 may also store an operating system 530,
such as Mac 08, MS Windows, Unix, or Linux; network applications 532; and a
display controller componentid48. The operating system 530 may be multi-
participant, mulliprocessing, multitasking, mullithreading, real-ime and the like.
The operating system 530 may also perform basic tasks such as recognizing input
from input devices, such as a keyboard or a keypad,; sending output to the display
520; controlling peripheral devices, such as disk drives, priniers, image caplure
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device, and managing traffic on the one or more buses 504. The nelwork
applications 532 includes various components for establishing and maintaining
network connections, such as software for implementing communication protocols
including TCPAP, HTTP, Ethemet, USE, and FireWire.

100501 The computing apparaius 500 may also include an input devices 516,
such as a keyboard, a keypad, functional keys, efc., a pointing device, such as a
tracking ball, cursors, etc., and g display(s) 520, such as the LCD screen display
128 shown for Example in Figure 1. A display adaptor 522 may interface with the
communication bus 504 and the display 520 and may receive display data from the
processor 502 and convert the display data info dispiay commands for the display
520.

04513 The processor{s) 502 may communicate over a nstwork, for instance,
a cellular network, the Internet, LAN, etc,, through one or more network interfaces
524 such as a Local Area Network LAN, 5 wireless 802.11x LAN, a 3G mobile
WAN or a WiMax WAN. In addition, an interface 528 may be used o receive an
image or sequence of images from imaging components 528 | such as the image

capture device,

10052} The foregoing description, for purposes of explanation, used specific
nomenclature to provide a thorough understanding of the invention. However, it
will be apparent to one skilled in the art that the specific details are not required in
order to praclice the invention. The foregoing descriptions of specific embodimentis
of the present invention are presented for purposes of illustration and description.

They are not intended to be exhaustive of or o limil the invention to the precise
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forms disclosed. Cbvinusly, many modifications and variations are possible in view
of the above teachings. The embodiments are shown and described in order to
best explain the principles of the invention and its practical applications, to thereby
enable others skifled in the art to best ulilize the invenlion and various
embodiments with various modifications as are suiled to the parlicular use
contemplated. It is intended thal the scope of the invention be defined by the

following claims and their equivalents:
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What is Claimed is:

LI

1.An image capture system (100) comprising:
a first image capture device {110} for capturing a first image, the first image
capture device having a first field of view;
a viewpoint assessment sensor (116), the viewpoint assessment sensor
having a second field of view;
10 a viewpoint assessment component {122} for determining the location of a
user viewpoint using dala captured by the viewpoint assessment sensor;
and

an image maodification component (124), for modifying the first image

responsive to the user viewpoint in the second field of view.

2. The image capture system in claim 1, wherain the viewpoint assessiment sensor

is a second image capture device.

3. The image caplure system racited in claim 1, wherein the first imags is

20 modified basad on a calculated user view frustum.

4. The image capture system recited in claim 3 wherein the calculated view
frustum is based on the user viewpoint and the boundaries of a viewfinder

componert.
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5. The image capture sysiem recited in claim 4 in which the viewfinder component

is a display (128} for displaying the modified first image.

8. A method (400} of modifying an image comprising the steps of:

capturing a first image with a first image device, the first image

capiure device having a first field of view {410});

capluring user viewpoint assessment information with a viewpoint
assessment sensor, the viewpoint assessment sensor having a second fisld of
view (420);

using the information from the viewpoint assessment sensor to

determine the location of the user viewpoint (430}; and

responsive to the user viewpoint, modifying the first image (440).

7. The method recited in claim 6 further including the step of displaying the
modified first image (450).

8. The method recited in claim &, wherein the first image is modified based on a

calculated user view frustum.

4. The method recited in claim § wherein the calculated user view frustum is based

gn the user viewpoint and the boundariss of the viewfinder component (450).
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10. The method recited in claim © further including the step of determining a
portion of the first image that corresponds to the calculated user view frustum
{460).

11. A non-fransitory compuier readable storage medium having computer
readable program instructions stored thereon for causing a computer system (o

perform instructions, the instructions comprising the steps of:

capiuring a first image with a first image device, the first image

capiure device having a first field of view (410},

capluring user viewpoint assessment information with a viewpoint
assessment sensor, the viewpoint assessment sensor having a second field of
view (420);

using the information from the viewpoint assessment sensor to

determine the location of the user viewpoint (430}, and

responsive o the user viewpoint, maodifying the first image (440},

12. The computer readable medium recited in claim 11 further including the step
of displaying the modified first image (450)

;
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13. The computer readable medium recited in claim 11, wherein the firstimage is

modificd based on a calculated user view frustum.

14. The computer readable medium recited in claim 13 whereain the calculated
user view frustum is based on the user viewpoint and the boundaries of the

viewfinder component.
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