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LOOK-AHEAD CONVERGENCE FOR OPTIMIZING
DISPLAY RENDERING OF STEREOSCOPIC VIDEOS AND IMAGES

[0001] This relates to stereoscopic three-dimensional (hereinafter 3D) video.
BACKGROUND
[0002] A conventional 3D viewing system will now be described with additional

reference to FIGS. 1-7.

[0003] FIG. 1 illustrates the processing of sterecoscopic imagery by the brain. As
shown in the figure, a person 100 has a head 102. Head 102 includes a left eye 114, a right
eye 116 separated by a horizontal displacement 120 and a brain 104. Brain 104 includes an
image fuser 110. Brain 104 is operable to store a left image 106 received from left eye 114
and a right image 108 received from right eye 116. Left image 106 represents an image of
image 118 as viewed by left eye 114. Right image 108 represents an image of image 118 as
viewed by right eye 116. Image fuser 110 is operable to combine left image 106 and right
image 108 to create a 3D image 112.

[0004] In operation, person 100 uses left eye 114 to receive left image 106 and right
eye 116 to receive right image 108. Left image 106 and right image 108 are received and
processed to generate and store image 118 in brain 104. Left eye 114 is horizontal
displacement 120 away from right eye 116, Because of horizontal displacement 120, left
image 106 of image 118 captured by left eye 114 is horizontally different from right image
108 of image 118 captured by right eye 116. In brain 104, left image 106 is horizontally
displaced from right image 108. In combination, left image 106 and right image 108 form a
stercoscopic image pair. Image fuser 110 is operable to combine left image 106 and right
image 108 into a composite, 3D image 112. Using left image 106 and right image 108, brain
104 is better operable to perceive imagery with depth and perspective.

[0005] FIG. 2 illustrates the capture and storage of stereoscopic imagery by a
conventional 3D camera assembly.

[0006] A conventional 3D camera assembly 200 includes a left camera 202, a right
camera 204, a memory portion 208 and a memory portion 222. Memory portion 208 is
operable to store imagery captured by left camera 202, Memory portion 222 is operable to
store imagery captured by right camera 204. Left camera 202 is separated from right camera

204 by horizontal displacement 224, Memory portion 208 includes a left image 206, a left
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image 208, a left image 210 and a left image 212, whereas memory portion 222 includes a
right image 214, a right image 216, a right image 216 and a right image 220. Images 206,
208, 210 and 212 of memory portion 208 are arranged in a pair with an image 214, 216, 218
and 220, respectively, of memory portion 222 to form an image pair 223, an image pair 224,
an image pair 226 and an image pair 228, respectively.

[0007] Conventional 3D camera assembly 200 is arranged to approximate brain 104’s
capacity to capture and store stereoscopic image pairs. Similar to left eye 114 and right eye
116 receiving and storing horizontally displaced imagery, left camera 202 and right camera
204 also receive and store horizontally displaced imagery because left camera 202 is arranged
horizontal displacement 224 from right camera 204. Therefore, as left camera 202 and right
camera 204 capture and store left images 212, 210, 208 and 206 and right images 220, 218,
216 and 214, respectively, of image 118, stereoscopic image pairs 228, 226, 224 and 222 are
created due to horizontal displacement 224 between left camera 202 and right camera 204. In
one example, stereoscopic image pair 228 includes left image 212 and right image 220. Left
image 212 and right image 220 of stereoscopic image pair 228 are horizontally shifted from
one another as a function of horizontal displacement 224 between left camera 202 and right
camera 204.

[0008] The operation of a person receiving and processing stereoscopic data by way
of a conventional 3D image controller is illustrated with reference to FIG. 3.

[0009] FIG. 3 illustrates person 100 receiving stereoscopic image data from a
conventional stereoscopic image source 300 by way of a conventional 3D image controller
302. Stereoscopic image source 300 has left and right image collections 208 and 222,
respectively, each containing the respective left images 206, 208, 210 and 212 and right
images 214, 216, 218 and 220 of image pairs 223, 224, 226 and 228. 3D image controller
302 includes a left image controller 304 and a right image controller 306. 3D image
controller 302 is arranged to receive images from stereoscopic image source 300. In
particular, left image controller 304 is arranged to receive left image collection 208 from
stereoscopic image source 300 for selective transmission to left eye 114. Whereas, right
image controller 306 is arranged to receive right image collection 222 from stereoscopic
image source 300 for selective transmission to right eye 116.

[0010] Person 100 is able to receive images from 3D image controller 302. In
particular, left eye 114 is arranged to sequentially receive images 212, 210, 208 and 206 of
left image collection 208 from stereoscopic image source 300 as transmitted by left image

controller 304. In addition, right eye 116 is arranged to sequentially receive images 220, 218,
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216 and 214 of right image collection 222 from stereoscopic image source 300 as transmitted
by right image controller 306. Brain 104 is operable to receive and store left image 106 from
left eye 114 and right image 108 from right eye 116. Image fuser 110 is operable to merge
left image 106 and right image 108 into a composite, 3D image 112.

[0011] The stereoscopic image pairs 228, 226, 224 and 223 of stereoscopic image
source 300 can be created using conventional 3D camera assembly according to the
description of FIG. 2. 3D image controller 302 is used to sequentially transmit the left
images of left image collection 208 to left eye 114 and to sequentially transmit the right
images of right image collection 222 to right eye 116 thereby fixing left image 106 to
correspond to left image collection 208 and fixing right image 108 to correspond to right
image collection 222. Brain 104 may experience discomfort when image fuser 110 operates
on right image 108 and left image 106 is arranged using an un-natural horizontal
displacement 224,

[0012] The 3D image controller 302 may include left image controller 304 and right
image controller 306. In one example, left image controller 304 includes a projection device
arranged to sequentially project the images of left image collection 208 using a blue light and
includes a first portion of a set of eye glasses wherein the first portion is a blue lens arranged
to be projectionally interposed between left eye 114 and left image collection 208.
Continuing the example, right image controller 306 includes a projection device arranged to
sequentially project the images of right image collection 222 using a red light and includes a
second portion of a set of eyeglasses wherein the second portion is a red lens arranged to be
projectionally interposed between right eye 116 and right image collection 222. In this
example, the blue projected left images 206, 208, 210 and 212 are received by left eye 114
due to the filtering effect of left image controller 304 and the red projected right images 214,
216, 218 and 220 are received by the right eye 116 due to the filtering effect of right image
controller 306.

[0013] The components of stereoscopic imagery are illustrated with reference to
FIGS. 4A and 4B. FIGS. 4A-B illustrate a left image 400 and a right image 402,
respectively. As shown in FIG. 4A, left image 400 includes a pattern 406. As shown in FIG.
4B, right image 402 includes a pattern 408.

[0014] Parallax is described with reference to FIG. 4C. FIG. 4C illustrates a parallax
410 of left image 400 and right image 402 as an example of stereoscopic imagery. As shown
in the figure, a stereoscopic image 404 includes pattern 406 superimposed onto pattern 408.

Parallax 410 is the horizontal offset between patterns 406 and 408. FIG. 4C illustrates



WO 2014/071376 PCT/US2013/068511
4

parallax 410, which is the horizontal displacement between two images of the same object
taken from different horizontal positions. Horizontal displacement 120 between left eye 114
and right eye 116 and horizontal displacement 224 between left camera 202 and right camera
204 are operable to create parallax 410 between captured images such as pattern 406 and
pattern 408. For example, left eye 114 may capture left image 400 having pattern 406 and
right eye 116 may capture right image 402 having pattern 408 wherein pattern 406 and 408
are actually two different views of the same pattern horizontally offset by parallax 410 from

one another. Image fuser 110 is operable to convert stereoscopic image 404 into a single 3D

image 112.

[0015] Positive and negative parallax are illustrated with additional reference to
FIGS. 5 and 6.

[0016] FIG. 5 illustrates an example of a negative parallax. FIG. 5 includes left eye

114, right eye 116, an image 506, a right image 520, a left image 522, a viewing plane 516, a
plane of convergence 514, a positive fusion offset 524, a focus distance 518, a display screen
500, a perceived image point 508, a right image point 510 and a left image point 512. As
shown, right image 520 and left image 522 are projected onto display screen 500. Left eye
114 and right eye 116 focus on display screen 500. Left eye 114 and right eye 116 are focus
distance 518 away from viewing plane 516 and move to converge for receiving right image
520 and left image 522. Image 506 is therefore perceived to be in front of display screen 500.
More specifically, image 506 is the perceived image created by image fuser 110 as described
with reference to FIG. 1 appearing in front of display screen 500 on plane of convergence
514 at positive fusion offset 524 from display screen 500.

[0017] 3D effects are perceptions created by image fuser 110 when operating on left
and right imagery arranged in unnatural parallax. Unnatural parallax includes when a left
image is to the right of a right image. As shown in FIG. 5, left image 522 is projected to the
right of right image 520 on display screen 500 creating an unnatural parallax. 3D image
controller 302 (not shown) is operable to insure that left eye 114 captures left image 522 and
that right eye 116 captures right image 520. Because left eye 114 is to the left of right eye
116, left eye 114 does not capture a left image such as left image 522 horizontally displaced
to the right of a right image such as right image 520 in the natural world. Image fuser 110 is
designed to fuse left images. The left images are horizontally displaced to the left with right
images horizontally displaced to the right. When left eye 114 captures left image 522
physically projected to the right of right image 520 on display screen 500 and right eye 116
captures right image 520 physically projected to the left of left image 522 on display screen
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500, image fuser 110 creates image 506 having a negative parallax. Image 506 is a
perception created by image fuser 110. Left image 522 and right image 520 are the physical
images. Because of the unnatural relative positions of right image 520 and left image 522,
image 506 is perceived by brain 104 to be in front of display screen 500 by positive fusion
offset 524 on plane of convergence 514. Plane of convergence 514 and positive fusion offset
524 are examples of convergence data.

[0018] Generally speaking, a plane of convergence may be considered a plane where
the left and right images are shifted toward one another so as to converge into a single image.
With respect to FIG. 5, left image 522 viewed by left eye 114 and right image 520 viewed by
right eye 116 verge so as to converge into a single image. As such, with respect to the
discussion of FIG. 5 (and the following discussion of FIG. 6) a plane of convergence may be
considered a plane of vergence.

[0019] FIG. 6 illustrates an example of positive parallax.

[0020] FIG. 6 includes left eye 114, right eye 116, an image 600, a right image 608, a
left image 610, a viewing plane 516, a plane of convergence 606, a display screen 500, a
perceived image point 604, a right image point 602 and a left image point 612. Right image
608 and left image 610 are projected onto display screen 500. Left eye 114 and right eye 116
focus on display screen 500 which is focus distance 518 away from viewing plane 516 and
move to converge for receiving right image 608 and left image 610. Image 600 is the
perceived image created by image fuser 110 (not shown) appearing behind display screen 500
on plane of convergence 606 at a negative fusion offset 620 from display screen 500. Plane
of convergence 606 and negative fusion offset 620 are examples of convergence data.

[0021] As shown in FIG. 6, left image 610 is projected to the left of right image 608.
This arrangement of horizontal displacement between images is known as positive parallax.
When left eye 114 receives left image 610 and right eye 116 receives right image 608
arranged in positive parallax, image fuser 110 combines the images such that brain 104
perceives the combined image to be beyond the screen display 500 by a distance of negative
fusion offset 620 as shown by perceived image point 604 in the figure.

[0022] FIGS. 5 and 6 illustrate image manipulation not found in nature. In nature,
images appear on a convergence plane positioned at focus distance 518. However, image
pairs projected onto display screen 500 are perceived to be positive fusion offset 524 or
negative fusion offset 620 away from display screen 500. Focus distance 518 is the distance
between viewing plane 516 and display screen 500. In many cases, the physical location of

projected image pairs of any parallax are focus distance 518 away from viewing plane 516
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because the projected images are physically projected on the screen. However, because of
positive or negative parallax, image fuser 110 perceives the image to be either closer or
farther away than focus distance 518 on a plane of convergence different from display screen
500. In nature, the plane of convergence is focus distance 518 away from viewing plane 516.
Viewing discomfort including tiredness, headache, eyestrain, dizziness, and the like can be
caused when brain fuser 110 needs to process left image 106 and right image 108 to create
3D image 112 appearing on a convergence plane not positioned at focus distance 518 away
from viewing plane 516. Moreover, viewing discomfort may be further worsened by large,
abrupt, rapid, or frequent changes to the position of the plane of convergence.

[0023] A conventional 3D image stream and corresponding fusion offset time plot are
illustrated with reference to FIG. 7.

[0024] FIG. 7 illustrates a multi-scene 3D image stream 700 and a corresponding plot
of the fusion offset for each instance of stereoscopic data. As shown in FIG. 7, 3D multi-
scene 3D image stream 700 includes a scene 702, a scene 716 and a scene 730. Scene 702
contains a frame 704, a frame 708 and a frame 712 each having an image pair which together
form an instance of stereoscopic data. The stereoscopic data of each frame 704, 708 and 712
includes a fusion offset 706, 710 and 714, respectively. Scene 716 and scene 730 are
composed similarly to scene 702. Also as shown in FIG. 7, a plot 748 has a y-axis 744 and
an x-axis 746. Plot 748 includes points 706, 710, 714, 724, 726, 728, 738, 740 and 742.
[0025] In operation, multi-scene 3D image stream 700 is sequentially projected onto
display screen 500. Typical of most movies, multi-scene 3D image stream 700 is composed
of many scenes with a sampling noted as scene 702, scene 716 and scene 730 wherein each
scene is composed of several frames, each frame being composed of an image pair having a
parallax measured by fusion offset resulting in a perceived image position on a convergence
plane. For example, frame 704 of scene 702 has a negative parallax measured by fusion
offset 706 which means that the image created by image fuser 110 will be perceived to be on
a convergence plane in front of display screen 500.

[0026] Also shown in FIG. 7, an abrupt change to the value of two sequential fusion
offsets 714 and 724 may occur between the last frame of a first scene and the first frame of a
second scene. Likewise, an abrupt change to the value of fusion offset occurs between frame
722 of scene 716 and frame 732 of scene 730 as shown by plotted fusion offset values 728
and 738. If care is not taken during the manufacture of a 3D movie, frequent abrupt changes
to the convergence plane may occur between frames of different scenes resulting in viewing

discomfort. Recall that 3D image capture may include 2 cameras positioned horizontally
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apart as shown in FIG. 2 for filming the same scene or image each from a slightly different
perspective to approximate the slightly different images captured by each eye of a pair of
human eyes.

[0027] In a first example, if left camera 202 and right camera 204 are not positioned
correctly, the left and right images may be significantly more horizontally displaced than
would be if captured by a pair of human eyes. In this case, the brain and the muscles that
control the eyes may need to do additional work and may have to work faster in order to
focus on and combine the two images into the single image noted as 3D image 112, which
brain 104 perceives. The additional work can be the cause of stress, fatigue, pain, discomfort,
and lack of enjoyment.

[0028] In a second example, left camera 202 and right camera 204 may not exceed
normal boundaries of horizontal displacement 224. Even so, carelessness or lack of planning
during postproduction may result in a 3D image stream as shown in FIG. 7 having frequent
and abrupt changes to fusion offset.

[0029] More particularly, consider a movie, film, or video such as multi-scene 3D
image stream 700 as shown in FIG. 7 composed of many scenes such as scene 702, scene 716
and scene 730 with each scene potentially captured independently from the others at different
times, using different equipment, and created by different teams. Without meticulous and
expensive record keeping on the part of the production staff, changes to fusion offset such as
a max 745 or a max 746 are likely to occur between the last frame of a scene and the first
frame of the subsequent scene.

[0030] Rapid, successive changes to fusion offset results also in rapid, successive
changes to the plane of convergence as shown in FIG. 9 a plane of convergence 924 and a
plane of convergence 928. Recall in the natural world, plane of convergence 514 is focus
distance 518 from viewing plane 516 meaning that the human eye perceives images at their
physical distance meaning that right image 108 and left image 106 have zero parallax. When
viewing sterecoscopic imagery created with positive parallax as shown in FIG. 6 or negative
parallax as shown in FIG. 5, left eye 114, right eye 116, and brain 104 operate differently
than normal. The different operation may be one cause of 3D image stream view discomfort.
[0031] Stereoscopic imagery having a non-zero parallax requires brain 104 to
perceive combined 3D image 112 at location, plane of convergence 514, 606 that is different
from the actual physical location of right image 520, 608 and left image 610, 522, which is
focus distance 518, away from viewing plane 516. When brain 104, left eye 114, and right
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eye 116 are forced to focus on an object at a location different from its perceived location,
viewing discomfort may be created.

[0032] Moreover, 3D image viewing characterized by sequential stereoscopic image
manipulation resulting in rapid and frequent changes of positive or negative parallax as
shown in FIG.5 and FIG. 6 causes left eye 114 and right eye 116 to continuously move at
angles consistent with the plane of convergence whilst focusing at a distance corresponding
to the actual physical locations of the sequential images at distances different from the planes
of convergence.

[0033] Fatigue, eyestrain, and headaches are reported results of 3D image viewing.
This discomfort can be attributed to the effects on the eyes and brain processing
manufactured unnatural stereoscopic images having non-zero parallax.

[0034] Fatigue, eyestrain, and headaches are compounded as the brain processes a
continuous stream of sequentially manufactured unnatural stereoscopic images characterized
by rapid and abrupt parallax changes between image frames resulting in rapid and abrupt
fusion offset and plane of convergence changes.

[0035] What is needed is a system and method that reduces the change in parallax,
fusion offset, and convergence planes between successive stereoscopic image frames whilst
preserving the novel and enjoyable experience of watching 3D imagery to reduce or climinate
fatigue, eyestrain, headaches, and other forms of discomfort.

SUMMARY

[0036] Provided are a system and method that reduces the change in parallax, fusion
offset, and convergence planes between successive stereoscopic image frames whilst
preserving the novel and enjoyable experience of watching 3D imagery to reduce or climinate
fatigue, eyestrain, headaches, and other forms of discomfort.

[0037] In accordance with described embodiments, a device is provided for use with
first stereoscopic data, second stereoscopic data and a display device. The display device can
display a first stercoscopic image, based on the first stereoscopic data, at a first time and can
display a second stercoscopic image, based on the second stereoscopic data, at a second time.
The second time is subsequent to the first time. The first stereoscopic image data has first
convergence data such that the first stereoscopic image will be displayed with a first
convergence plane. The second stereoscopic image data has second convergence data such
that the second stereoscopic image will be displayed with a second convergence plane. The
second convergence plane is different from the first convergence plane. The device includes

an input portion, a convergence data detecting portion, a convergence plane portion, a
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comparing portion and a modification portion. The input portion can receive the first
stereoscopic data and the second stereoscopic data. The convergence data detecting portion
can detect the first convergence data within the first stereoscopic data and can detect the
second convergence data within the second stereoscopic data. The convergence plane portion
can determine the first convergence plane based on the first convergence data and can
determine the second convergence plane based on the second convergence data. The
comparing portion can compare the first convergence plane and the second convergence
plane and can generate a convergence plane comparison. The modification portion can
modify the first convergence data based on the convergence plane comparison.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 illustrates the processing of stereoscopic imagery by the brain;

[0039] FIG. 2 illustrates the capture and storage of stereoscopic imagery by a
conventional 3D camera assembly;

[0040] FIG. 3 illustrates person receiving a stereoscopic image data from a
conventional stereoscopic data source by way of a conventional 3D image controller;
[0041] FIGS. 4A-B illustrate a left image and right image;

[0042] FIG. 4C illustrates a parallax of a left image and a right image as an example

of stereoscopic imagery;

[0043] FIG. 5 illustrates an example of a negative parallax;
[0044] FIG. 6 illustrates an example of a positive parallax;
[0045] FIG. 7 illustrates a multi-scene 3D image stream and a corresponding plot of

the fusion offset for each instance of stereoscopic data;

[0046] FIG. 8A illustrates the example fusion offset time plot of FIG. 7;
[0047] FIG. 8B illustrates a smoothed fusion offset time plot 800;
[0048] FIG. 9 illustrates an image sequence before and image sequence after the

changes to the planes of convergence have been moderated;

[0049] FIG. 10 illustrates a device operable to receive stereoscopic input data and
gencrate adjusted stercoscopic output data for a display device; and

[0050] FIG. 11 illustrates an example method of operating a device operable to
receive stereoscopic input data and generate adjusted stereoscopic output data for a display
device.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0051] Methods and apparatus are provided that increase the viewing comfort of

persons watching 3D movies by modifying 3D movie content to moderate the frequency,
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magnitude, and abruptness of changes in the successive planes of convergence by looking
ahead from a frame of stercoscopic data to successive frames and selectively modifying the
parallax between the image pairs of the frames.

[0052] More particularly a 3D image stream as shown in FIG. 7 includes of a series of
image frames, each frame having a left and right image also referred to as an image pair. A
portion of the frames within the 3D image stream may have image pairs that are horizontally
displaced to create either positive or negative parallax so that the brain will fuse the left and
right image into a composite which will be perceived to be in front of or behind the viewing
screen at a location known as the plane of convergence.

[0053] Hence, when viewing a 3D image stream, the viewer is subject to a series of
image frames possibly each with a different plane of convergence. As detailed above
frequent, rapid, and/or large changes to the plane of convergence may cause discomfort.
[0054] Viewer discomfort from excessive parallax includes large changes to the plane
of convergence between image frames, frequent changes to the plane of convergence with a
3D image stream, as well as extreme values of planes of convergence.

[0055] By changing the parallax, also referred to as horizontal displacement, between
one or more frame image pairs, the plane of convergence for an image frame can be changed.
It is therefore possible to smooth a 3D image stream by reducing the amount of change to the
plane of convergence between successive image frames resulting in a reduction or
elimination of viewer discomfort.

[0056] Fusion offset time plot 748 and smoothed fusion offset time plot 800 include a
plurality of points plotted on an X-Y axis. Connecting these points create a shape 846 and a
smoothed shape 848. Shape 846 and smoothed shape 848 may be referred to as a curved
shaped wherein the amount of curvature is a function the slope of the lines between two
points plotted on the shape. A smoother curve is characterized by more moderate slopes
wherein a steeper curve is characterized by more extreme slopes.

[0057] Smoothing, as shown in FIG. 8B, may include increasing or decreasing the
change to the plane of convergence and the fusion offset between successive image frames by
looking ahead from an image frame at future image frames and then manipulating the
parallax between image pairs for a portion of the image frames to achieve a cumulatively
smoother curve of plane of convergences and fusion offsets wherein the smoothing may
reduce or eliminate forms of 3D image stream viewing discomfort without materially
reducing viewing enjoyment.

[0058] Example embodiments are illustrated with reference to FIGS 8A-10.
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[0059] FIG. 8A illustrates the example plot of FIG. 7. As shown in FIG. 8A, plot 748
has a y-axis 744 and an x-axis 746. Fusion offset time plot 748 includes points 706, 710,
714,724, 726, 728, 738, 740 and742.

[0060] FIG. 8B illustrates smoothed fusion offset time plot 800. As shown in the
figure, smoothed fusion offset time plot 800 has a y-axis 744 and an x-axis 746 including
points 706, 810, 714, 824, 726, 828, 838, 840 and 742.

[0061] Smoothed fusion offset time plot 800 is derived from plot 748 and modified to
moderate the abruptness of changes in fusion offset between frames. Recalling that fusion
offset is determined by the horizontal displacement or parallax between left and right image
pairs, it is conceivable that manipulation of left right image parallax can be used to modify
the plane of convergence of any stercoscopic frame and therefore moderate changes to the
fusion offset between any two successive frames for the purpose of improving view comfort.
[0062] Many modification strategies can be employed to moderate changes to the

fusion offset between successive frames for the purpose of improving view comfort.

[0063] In FIG. 8A and FIG. 8B show corresponding fusion offset points aligned on x-
axis 746.
[0064] A first, non-limiting example of a modification strategy for improving viewer

comfort addresses the arrangement of points 706, 710 and 714 of plot 748. In this example,
the difference between fusion offset 706 and fusion offset 710 is more than the difference
between fusion offset 710 and fusion offset 714. As shown in FIG. 8B, fusion offset value
710 is changed to fusion offset value 810 so that the change in fusion offset is constant
between the corresponding frames 704, 708 and 712. In this example, the modification
strategy including looking ahead from frame 704 to frames 708 and 712 to determine the
changes needed to smooth plot 748. This modification strategy includes equalizing the
vertical distance between three points wherein the value of the slope of the line connecting
the first and second points is different than the value of the slope of the line connecting the
second and the third points.

[0065] A second, non-limiting example of a modification strategy for improving
viewer comfort addresses the arrangement of points 714, 724 and 726 of plot 748. In this
example, fusion offset 724 and fusion offset 726 are the same value. As shown in FIG. 8B,
fusion offset value 724 is changed to fusion offset value 824 so that the change in fusion
offset between 714 and 724 can be decreased by replacing fusion offset 724 with fusion
offset 824. In this example, the modification strategy including looking ahead from frame

712 to frames 718 and 726 to determine the changes needed to smooth plot 748. This
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modification strategy includes equalizing the vertical distance between three points wherein
the value of the slope of the line connecting any two of the points is zero.

[0066] A third, non-limiting example of a modification strategy for improving viewer
comfort addresses the arrangement of fusion offset values 726, 728, 738, 740 and 742 of
fusion offset time plot 748. In this example, points 726 and 728 are the same value as are
points 740 and 742. Interposed between the two sets of like values is an abrupt change
between fusion offset values 728 and 738. As shown in FIG. 8B, fusion offset values 728,
738 and 740 are changed to fusion offset values 828, 838 and 840, respectively, so that the
change in fusion offset between 728 and 738 can be decreased or smoothed. In this example,
the modification strategy includes looking ahead from frame 720 to frames 722, 732, 734 and
736 to determine the changes needed to smooth plot 748. This modification strategy includes
equalizing the vertical distance between any set of contiguous points wherein the value of the
slope of the line connecting any two of the points is zero.

[0067] Modification strategies can include any methods including any known
smoothing or curve fitting methods, non-limiting examples of which include moving
averages and least squares best fit methods.

[0068] FIG. 9 illustrates an image sequence 900 and an image sequence 950.

[0069] As shown in FIG. 9, image sequence 900 contains 5 stereoscopic image
frames noted as a frame 936, a frame 938, a frame 940, a frame 942 and a frame 944. Each
frame includes a horizon 902, a landscape 904, a path 918 and an object 906, an object 908,
an object 910, an object 912 and an object 914 positioned near, a plane of convergence 916, a
plane of convergence 920, a plane of convergence 924, a plane of convergence 928 and a
plane of convergence 932.

[0070] Also shown in FIG. 9, smoothed image sequence 950 contains 5 stereoscopic
image frames noted as a frame 952, a frame 954, a frame 956, a frame 958 and a frame 960.
Each frame contains horizon 902, landscape 904, path 918 and an object 962, an object 964,
an object 966, an object 968 and an object 970 positioned near a plane of convergence 972, a
plane of convergence 974, a plane of convergence 976, a plane of convergence 978 and a
plane of convergence 980.

[0071] As shown in FIG. 9, image sequences 900 and 950 provide a graphical
visualization of stereoscopic frames enabling an association between numerical fusion offset
values and visual objects resting at planes of convergence. Image sequence 900 corresponds
to the portion of plot 748 including fusion offset values 706-726. Smoothed image sequence
950 corresponds to the portion of smoothed fusion offset time plot 800 defined by points
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706°-726°. Modifications to fusion offset values as described in FIG 8B, result in
modification to the location of the planes of convergence shown in frames 952, 954, 956, 958
and 960 of smoothed image sequence 950.

[0072] FIG. 10 illustrates a stercoscopic data correcting device 1000 for use with
stereoscopic input data.

[0073] As shown in the figure, a 3D video generating system includes stereoscopic
data correcting device 1000 and a display device 1004. In this example, stereoscopic data
correcting device 1000 and display device 1004 are distinct elements. However, stereoscopic
data correcting device 1000 and display device 1004 may be combined as a unitary element.
In other embodiments, at least one of stereoscopic data correcting device 1000 and display
device 1004 may be implemented as a computer having stored therein tangible, non-
transitory, computer-readable media for carrying or having computer-executable instructions
or data structures stored thereon. Such tangible, non-transitory, computer-readable media can
be any available media that can be accessed by a general purpose or special purpose
computer. Non-limiting examples of tangible, non-transitory, computer-readable media
include physical storage and/or memory media such as RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other magnetic storage devices, or any
other medium which can be used to carry or store desired program code means in the form of
computer-executable instructions or data structures and which can be accessed by a general
purpose or special purpose computer. When information is transferred or provided over a
network or another communications connection (either hardwired, wireless, or a combination
of hardwired or wireless) to a computer, the computer properly views the connection as a
computer-readable medium. Thus, any such connection is properly termed a tangible, non-
transitory, computer-readable medium. Combinations of the above should also be included
within the scope of tangible, non-transitory, computer-readable media.

[0074] Stereoscopic data correcting device 1000 includes a controller 1002, an input
portion 1006, a convergence data detecting portion 1008, a convergence plane calculator
portion 1010, a comparing portion 1012, a modification portion 1014, an output portion 1016
and a memory 1018. In this example, input portion 1006, convergence data detecting portion
1008, convergence plane calculator portion 1010, comparing portion 1012, modification
portion 1014, output portion 1016 and memory 1018 are distinct elements. However, at least
two of input portion 1006, convergence data detecting portion 1008, convergence plane
calculator portion 1010, comparing portion 1012 and modification portion 1014, output

portion 1016 and memory 1018 may be combined as a unitary element. In other
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embodiments, at least one of input portion 1006, convergence data detecting portion 1008,
convergence plane calculator portion 1010, comparing portion 1012 and modification portion
1014, output portion 1016 and memory 1018 may be implemented as a computer having
stored therein tangible, non-transitory, computer-readable media for carrying or having
computer-executable instructions or data structures stored thereon.

[0075] Display device 1004 includes a stereoscopic image generating portion 1020
and a memory 1022. In this example, stereoscopic image generating portion 1020 and
memory 1022 are distinct elements. However, stereoscopic image generating portion 1020
and memory 1022 may be combined as a unitary element. In other embodiments, at least one
of stereoscopic image generating portion 1020 and memory 1022 may be implemented as a
computer having stored therein tangible, non-transitory, computer-readable media for
carrying or having computer-executable instructions or data structures stored thereon.

[0076] Memory 1018 includes a stereoscopic input data storage portion 1024, a
stercoscopic input data storage portion 1026, a convergence data storage portion 1028, a
convergence data storage portion 1030, a convergence plane storage portion 1032, a
convergence plane storage portion 1034, a convergence plane comparison storage portion
1036, and a stereoscopic output data storage portion 1040. In this example, stereoscopic
input data storage portion 1024, stereoscopic input data storage portion 1026, convergence
data storage portion 1028, convergence data storage portion 1030, convergence plane storage
portion 1032, convergence plane storage portion 1034, convergence plane comparison
storage portion 1036, and stereoscopic output data storage portion 1040 are distinct elements.
However, in some embodiments, at least two of stereoscopic input data storage portion 1024,
stercoscopic input data storage portion 1026, convergence data storage portion 1028,
convergence data storage portion 1030, convergence plane storage portion 1032, convergence
plane storage portion 1034, convergence plane comparison storage portion 1036, and
stercoscopic output data storage portion 1040 may be combined as a unitary element. In
other embodiments, at least one of stereoscopic input data storage portion 1024, sterecoscopic
input data storage portion 1026, convergence data storage portion 1028, convergence data
storage portion 1030, convergence plane storage portion 1032, convergence plane storage
portion 1034, convergence plane comparison storage portion 1036, and stereoscopic output
data storage portion 1040 may be implemented as a computer having stored therein tangible,
non-transitory, computer-readable media for carrying or having computer-executable

instructions or data structures stored thereon.
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[0077] Memory 1022 includes a stereoscopic input data storage portion 1042. In this
example, stereoscopic input data storage portion 1042 is a distinct element. In other
embodiments, stereoscopic input data storage portion 1042 may be implemented as a
computer having stored therein tangible, non-transitory, computer-readable media for
carrying or having computer-executable instructions or data structures stored thereon.

[0078] Stereoscopic data correcting device 1000 is arranged to receive multi-scene
3D image stream 700 and generate an adjusted stereoscopic data 1060.

[0079] Display device 1004 is arranged to receive adjusted stereoscopic data 1060
and generate a stereoscopic image 1046.

[0080] Input portion 1006 is arranged to sequentially receive multi-scene 3D image
stream 700 and sequentially output stereoscopic data to stereoscopic input data storage
portions 1024 and 1026, respectively.

[0081] Convergence data detecting portion 1008 is arranged to receive stereoscopic
input data from stereoscopic input data storage portions 1024 and 1026 by a data line 1076
and a data line 1078, respectively, and is operable to output convergence data to convergence

data storage portions 1028 and 1030 by a data line 1080 and a data line 1082, respectively.
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[0082] Convergence plane calculator portion 1010 is arranged to receive convergence
data from convergence data storage portions 1028 and 1030 by a data line 1084 and a data
line 1086, respectively, and generate convergence plane data for storage in convergence plane
storage portions 1032 and 1034 using a data line 1088 and a data line 1090, respectively.
[0083] Comparing portion 1012 is arranged to receive convergence plane data from
convergence plane storage portions 1032 and 1034 by data lines 1090 and 1092, respectively,
and generate a convergence plane comparison value for storage in convergence plane
comparison storage portion 1036 by a data line 1094.

[0084] As shown in the figure, modification portion 1014 is arranged to receive the
convergence plane comparison value from convergence plane comparison storage portion
1036 by a data line 1096 to determine if modification is needed. Modification portion 1014
is operable to generate adjusted stereoscopic data 1060 for storage in stereoscopic output data
storage portion 1040 by a data line 1098.

[0085] To generate adjusted stereoscopic data 1060, modification portion 1014 may
use stereoscopic input data from stereoscopic input data storage portions 1024 and 1026 by a
data line 1019 and a data line 1023, respectively; convergence data from convergence data
storage portions 1028 and 1030 by a data line 1025 and a data line 1027, respectively; and
convergence plan data from convergence plane storage portions 1032 and 1034 by a data line
1029 and a data line 1031, respectively.

[0086] Output portion 1016 is arranged to receive stereoscopic output data storage
portion 1040 by a data line 1015 and provide adjusted stercoscopic data 1060 to display
device 1004 by data line 1013.

[0087] Stereoscopic image generating portion 1020 is arranged to receive adjusted
stereoscopic data 1060 from stereoscopic input data storage portion 1042 by a data line 1017
and generate stercoscopic image 1046 having a convergence plane 1048,

[0088] When controller 1002 invokes instruction line 1011, input portion 1006
receives multi-scene 3D image stream 700 by data line 1070 and sequentially stores image
frames 704, 708, 712, 718, 720, 722, 732, 734 and 736 in stercoscopic input data storage
portions 1024 and 1026 by data lines 1072 and 1074, respectively.

[0089] When controller 1002 invokes instruction line 1009, convergence data
detecting portion 1008 receives stereoscopic input data from stereoscopic input data storage
portions 1024 and 1026 by data lines 1076 and 1078, respectively, generates convergence
data, and stores the convergence data in convergence data storage portions 1028 and 1030 by

data lines 1080 and 1082, respectively. Convergence data detecting portion 1008 evaluates
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stereoscopic image pairs such as left image 400 of FIG. 4A and right image 402 of FIG. 4B to
determine the parallax of the image pair such as parallax 410 of FIG.4C

[0090] When controller 1002 invokes instruction line 1007, convergence plane
calculator portion 1010 receives convergence data from convergence data storage portions
1028 and 1030 by data lines 1084 and 1086, respectively, generates convergence plan data,
and stores the convergence plane data in convergence plane storage portions 1032 and 1034
by data lines 1088 and 1090, respectively. Convergence plane calculator portion 1010 may
evaluate left image point 512, right image point 510, right image 520, and left image 522 to
gencrate additional convergence data such as plane of convergence 514 and positive fusion
offset 524 as shown in FIG. 5

[0091] When controller 1002 invokes instruction line 1005, comparing portion 1012
receives convergence plane data from convergence plane storage portions 1032 and 1034 by
data lines 1090 and 1092, respectively, generates convergence plane comparison data, and
stores the data in convergence plane comparison storage portion 1036 by data line 1094.
Comparing portion 1012 evaluates convergence plane data such as the plurality of fusion
offset points 706 — 742 of fusion offset time plot 748 as shown in FIG. 7.

[0092] When controller 1002 invokes instruction line 1003, modification portion
1014 may receive the data in convergence plane comparison storage portion 1036 by data line
1096, convergence plane storage portions 1032 and 1034 by data lines 1029 and 1031,
respectively, convergence data storage portions 1028 and 1030 by data lines 1025 and 1027,
respectively, and stercoscopic input data storage portions 1024 and 1026 by data lines 1019
and 1023, respectively; applies a modification strategy; and stores adjusted sterecoscopic data
1060 in stereoscopic output data storage portion 1040 by data line 1098. Modification
portion 1014 generates adjusted stereoscopic data 1060 exemplified by smoothed fusion
offset time plot 800 as shown in FIG. 8B.

[0093] When controller 1002 invokes instruction line 1033, output portion 1016
receives stereoscopic output data from stereoscopic output data storage portion 1040 by data
line 1015 and provides adjusted stereoscopic data 1060 to display device 1004.

[0094] Stereoscopic image generating portion 1020 receives adjusted stereoscopic
data 1060 from stereoscopic input data storage portion 1042 by data line 1017 and generates
stercoscopic image 1046. Stereoscopic image 1046 is further exemplified by frames 952,
954, 956, 958 and 960 of FIG. 9 which are the images corresponding to smoothed fusion
offset time plot 800 as shown in FIG. 8B.
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[0095] In operation, stereoscopic data correcting device 1000 reads the stercoscopic
data of multi-scene 3D image stream 700 and provides adjusted stereoscopic data 1060 to
display device 1004 for the purpose of improving viewer comfort during the viewing
experience by reducing excessive changes to the plane of convergence to adjacent image
frames of multi-scene 3D image stream 700.

[0096] More particularly, input portion 1006 stores stereoscopic data of multi-scene
3D image stream 700, also shown as image frames 936, 938, 940, 942 and 944 of FIG. 9, in
stercoscopic input data storage portions 1024 and 1026 for use by convergence data detecting
portion 1008.

[0097] Convergence data detecting portion 1008 generates and stores convergence
data in convergence data storage portion 1028 and 1030. Convergence plane calculator
portion 1010, reads convergence data storage portions 1028 and 1030 to form convergence
planes for storage in convergence plane storage portions 1032 and 1034.

[0098] Comparing portion 1012 retrieves the convergence planes from convergence
plane storage portions 1032 and 1034 to form convergence plane comparison data for storage
in convergence plane comparison storage portion 1036.

[0099] Modification portion 1014 uses the data stored in convergence plane
comparison storage portion 1036 to determine if and how to modify the convergence data of
convergence data storage portion 1028 and 1030. If modification portion 1014 determines
modification is needed, modification portion 1014 selects a modification strategy to generate
adjusted stereoscopic data 1060 for storage in stercoscopic output data storage portion 1040.
[00100] Output portion 1016 receives stereoscopic output data from stereoscopic
output data storage portion 1040 by data line 1015 and provides adjusted stereoscopic data
1060 to display device 1004.

[00101] Image sequence 900 of FIG. 9 and smoothed image sequence 950 of FIG. 9
are examples of input and output (adjusted) stereoscopic image data respectively associated
with stereoscopic data correcting device 1000 as described above.

[00102] Stereoscopic data correcting device 1000 stores portions of multi-scene 3D
image stream 700 in stereoscopic input data storage portion 1024 and 1026. Display device
1004 receives adjusted stereoscopic data 1060 for storage in stereoscopic input data storage
portion 1042 whereby stercoscopic image generating portion 1020 generates stercoscopic
image 1046 having convergence plane 1048.

[00103] Therefore, stereoscopic data correcting device 1000 is able to improve

viewing comfort of 3D movies by moderating the sequential changes to the planes of
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convergence by evaluating and modifying convergence data of stereoscopic images using
various modification strategies able to look ahead from a given stereoscopic frame to
subsequent stereoscopic frames to determine changes to convergence data for optimizing
viewing comfort.

[00104] A more detailed example operation of stereoscopic data correcting device
1000 will now be describe with additional reference to FIG. 11.

[00105] FIG. 11 illustrates, an example method 1100 of operating of stereoscopic data
correcting device 1000.

[00106] As shown in FIG. 11, method 1100 starts (S1102), and data is received
(S1104). For example, as shown in FIG. 10, input portion 1006 receives 3D image stream
700 for storage in stereoscopic input storage portions 1024 or 1026.

[00107] Returning to FIG. 11, convergence data is then detected (S1106). For
example, as shown in FIG. 10, convergence data detecting portion 1008 receives stereoscopic
data from stereoscopic input data storage portions 1024 or 1026 and convergence data is
stored in convergence data storage portion 1028 or 1030.

[00108] Returning to FIG. 11, a convergence plane is then calculated (S1108). For
example, as shown in FIG. 10, convergence plane calculator portion 1010 receives
convergence data from convergence data storage portion 1028 or 1030 and a convergence
plane value is stored in convergence plan storage portion 1032 or 1034.

[00109] Returning to FIG. 11, at least two convergence planes are then compared
(S1110). For example, as shown in FIG. 10, comparing portion 1012 receives the at least two
convergence planes from convergence plane storage portions 1032 and 1034 and stores the
resultant comparison data in convergence plane comparison storage portion 1036.

[00110] Returning to FIG. 11, a modification decision is then determined (S1112). For
example, as shown in FIG. 10, modification portion 1014 receives the convergence plane
comparison data from convergence plane comparison storage portion 1036 to determine if the

received stereoscopic data should be modified.

[00111] If modification is not needed (No at S1112), additional images are received
(S1104).
[00112] If modification is needed (Yes at S1112), modification is performed (S1114).

For example, as shown in FIG. 10, modification portion 1014 applies an appropriate
modification strategy to adjust the parallax between the images of at least one image pair and

stores the adjusted stereoscopic data in stereoscopic output data portion 1040 (S1116).
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[00113] Returning to FIG. 11, a stop request decision (S1118) is then determined
wherein operation is either returned to (S1104) and operation continues as previously
described or operation is halted (S1120).

[00114] A problem with the conventional system is that the plane of convergence for
each image frame is established during image capture, more particularly during filming and
may not be easily changed or quantified. The conventional system, having no capacity to
automatically manage the magnitude, abruptness or frequency of the changes to the plane of
convergence for each image frame is subject to producing 3D image streams containing a
plurality of image frames whose plane of convergence is excessively different from that of
subsequent image frames resulting in view discomfort including eye strain, headache, and the
like. Moreover, mitigation of the problem may include manually determining a fusion offset
plot for the 3D image stream, analyzing the plot to determine the needed modifications, and
re-filming a portion of the 3D image stream to create the modifications. The mitigation is
expensive and time consuming.

[00115] In accordance with the above, a device is operable to receive a 3D image
stream including a plurality of image frames, look ahead from one of the image frames to
subsequent image frames and adjust the parallax of a portion of the subsequent image frames
such that the adjusted values of the plane of convergence for the subsequent frames would
represent a smoother curve if plotted sequentially over time than that of the pre-adjusted
values. In other words, look ahead is a sort of lag in the display, wherein several future
frames may be decoded and analyzed ahead of the current frame. Further, the device is
operable to output a new 3D image stream including the image frames with the adjusted
parallax values which minimize the frequency, abruptness, and magnitude of changes of the
plane of convergence between an image frame and subsequent image frames thereby
improving view comfort. Further the device, being able to automatically and quickly
generate the new 3D image stream having a cumulatively smoother fusion offset time plot,
provides a cost effective solution for improving viewer discomfort due to excessive parallax
and parallax changes.

[00116] Those skilled in the art will appreciate that modifications may be made to the
described embodiments, and also that many other embodiments are possible, within the scope

of the claimed invention.
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CLAIMS
What is claimed is:
1. A device for use with a display device being operable to display a first stercoscopic

image based on the first stereoscopic data at a first time and to display a second stereoscopic
image based on the second stereoscopic data at a subsequent second time, the device
comprising:

an input portion operable to receive first stereoscopic data and second stereoscopic
data;

a convergence data detecting portion operable to detect first convergence data within
the first stereoscopic data and to detect second convergence data within the second
stercoscopic data;

a convergence plane portion operable to determine a first convergence plane based on
the first convergence data and to determine a second convergence plane based on the second
convergence data;

a comparing portion operable to compare the first convergence plane and the second
convergence plane and to generate a convergence plane comparison; and

a modification portion operable to modify the first convergence data based on the

convergence plane comparison.

2. The device of claim 1, wherein the modification portion is operable to modify the first
convergence data when the convergence plane comparison is greater than a predetermined

threshold.

3. The device of claim 2, wherein the modification portion is operable to modify the
second convergence data when the convergence plane comparison is greater than a

predetermined threshold.

4. The device of claim 1, wherein the modification portion is further operable to modify
the second convergence data when the convergence plane comparison is greater than a

predetermined threshold.
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5. A method of using a display device operable to display a first stereoscopic image
based on the first stercoscopic data at a first time and to display a second stereoscopic image
based on the second stercoscopic dat, at a subsequent second time, the method comprising:

receiving, via an input portion, first stereoscopic data and second stereoscopic data;

detecting, via a convergence data detecting portion, first convergence data within the
first stereoscopic data;

detecting, via the convergence data detecting portion, second convergence data within
the second stereoscopic data;

determining, via a convergence plane portion, a first convergence plane based on the
first convergence data;

determining, via the convergence plane portion, a second convergence plane based on
the second convergence data;

comparing, via a comparing portion, the first convergence plane and the second
convergence plane;

generating, via the comparing portion, a convergence plane comparison; and

modifying, via a modification portion, the first convergence data based on the

convergence plane comparison.

6. The method of claim 5, wherein the modifying, via the modification portion,
comprises modifying the first convergence data when the convergence plane comparison is

greater than a predetermined threshold.

7. The method of claim 6, wherein modifying, via the modification portion, the first
convergence data omprises modifying the first convergence data when the convergence plane

comparison is greater than a predetermined threshold.

8. The method of claim 5, further comprising modifying, via the modification portion,
the second convergence data when the convergence plane comparison is greater than a

predetermined threshold.

9. A non-transitory, tangible, computer-readable media having computer-readable
instructions stored thereon, the computer-readable instructions being capable of being read by
a computer to be used with first stereoscopic data, second stereoscopic data and a display

device, the display device being operable to display a first stereoscopic image, based on the
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first stereoscopic data, at a first time and to display a second stercoscopic image, based on the
second stereoscopic data, at a second time, the second time being subsequent to the first time,
the first stereoscopic image data having first convergence data such that the first stereoscopic
image will be displayed with a first convergence plane, the second stereoscopic image data
having second convergence data such that the second stereoscopic image will be displayed
with a second convergence plane, the second convergence plane being different from the first
convergence plane, the computer-readable instructions being capable of instructing the
computer to perform the method comprising:

receiving, via an input portion, the first stereoscopic data and the second stereoscopic
data;

detecting, via a convergence data detecting portion, the first convergence data within
the first stereoscopic data;
detecting, via the convergence data detecting portion, the second convergence data within the
second stereoscopic data;

determining, via a convergence plane portion, the first convergence plane based on
the first convergence data;
determining, via the convergence plane portion, the second convergence plane based on the
second convergence data;

comparing, via a comparing portion, the first convergence plane and the second
convergence plane;
generating, via the comparing portion, a convergence plane comparison; and

modifying, via a modification portion, the first convergence data based on the

convergence plane comparison.

10. The non-transitory, tangible, computer-readable media of claim 9, the computer-
readable instructions being capable of instructing the computer to perform the method
wherein themodifying, via a modification portion, the first convergence data based on the
convergence plane comparison comprises modifying the first convergence data when the

convergence plane comparison is greater than a predetermined threshold.

11. The non-transitory, tangible, computer-readable media of claim 10, the computer-
readable instructions being capable of instructing the computer to perform the method

wherein themodifying, via a modification portion, the first convergence data based on the
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convergence plane comparison comprises modifying the first convergence data when the

convergence plane comparison is greater than a predetermined threshold.

12. The non-transitory, tangible, computer-readable media of claim 9, the computer-
readable instructions being capable of instructing the computer to perform the method further
comprising modifying, via the modification portion, the second convergence data when the

convergence plane comparison is greater than a predetermined threshold.



PCT/US2013/068511

WO 2014/071376

1/11

8Ll
JOVAI

> JA3 LHOIY »  JOVINI LHOI
/4 / oLl _
9ll 801 /) A%
02l e d3IsNd OVAI > IOV
IN3IW3DV1dSIa A ae
IVINOZIYOH 4ds 90}
y / /
> JA3 1431 > JOVINI L4317
NIVyg
20l avaH WE
NOSYH3d

: N
|S69) € QNG




PCT/US2013/068511

WO 2014/071376

2/11

AN NOILOITI00 IOVINI LHOIY ONIATOH NOILYOd AHOWAW
r—————- A r————- I e T 1
_ |1 || |1 _
| vz Ll 7ie H 912 H 812 H 0¢C |
VYINYD LHON | | 3ovAILHON | | | | 3oVWILHON | | | | IOVWILHOMN | | | | 3OV LHOMN | |
_ |1 || |1 _
i _ | | | | | | _
L _ Prrd I 1 o7 I 52z I 1 T _
3Ll ¢NN\ _ I I I _
JOVII INEOVISIA I dvdaovwl 1 yivdaoww 11 yvdaowwr |1 yvd3aovw |
I o1doosoayals | | oidoosoayals | | oidoosoayals | 1 oidoosoayals |
TYINOZIHOH | 11 11 11 |
v [ I 1 | 1 | 1 |
L _ L |1 L || L |1 L _
| eoe I | 90Z | 802 | 012 | 2Lz |
YHINYD 1431 " VNI LETT | | FovwiET | | FovwiEaT | | FowwiLETT | |
_ |1 || |1 _
S S I I i I i I _
80¢ NOILO3TI0D IOVII L1431 ONIGTOH NOILYOd AHOWIW
ATEWISSY VHINYD ag
Z 'Ol N

00¢




PCT/US2013/068511

WO 2014/071376

3/11

222  NOILOITIO0 39VWI LHOIY ONIATOH NOLLHOd AMOWIW

=== === === === 9
_ — I I I I I — _
I 1474 1 91¢ 1 8l¢ 1 0¢¢ I
I JOVNI I JOVNI I JOVNI I JOVNI I
_ 1HOIY I 1HOIY I 1HOIY I 1HOIY _
_ I I I _
[ — T — T — T — [
_ ¢ic I vic I 9¢¢ I 8¢c _
I yivdaovwi 1l divdaovw 11 divd3ovw 11 Mivd 3ovi |
“oaoomOMmmpm““oaoomOMmmpm““oaoomOMmmpm““oaoomOMmmpm“
_ — I — I — I — _
" 902 "" 802 "" 012 "" X2 “
(| 3vw (| Foww || Fowwm || Fowmi T
I 1431 1 1431 1 1431 1 1431 I
L=————= ol | e Je—=—————= Je—=—————= dl
80Z  NOILOITIOD IOVINI L4371 ONITTOH NOILYOd AYOWIN

304NO0S FOVAI J1d0ISOFHALS

90¢ NEERRREET
N 1HOIY 1HOIY
/¥ /
aamounoo |1 o | |gd) | 01
> 39wl 2z V) o
LHOM 23| [wasnd] | b
0zl < | (309 7] 3owmiae
®) A
=3 Q01
¥ /
v0€ NEERRREET
N ey i EE)
¥ITIONINOD vmﬂ NIy
> 3ol - X
1437 00 avaH oy
20¢ o
Y3 TIOMINOD 00l NOS¥3d
JOVINI aS

00€

\

¢ ‘DId




WO 2014/071376 PCT/US2013/068511
4/11

LEFT IMAGE
400~ | \
406
FIG. 4A
RIGHT IMAGE
402~ \
408
FIG. 4B
SUPERIMPOSED RIGHT AND LEFT IMAGES AS STEREOSCOPIC IMAGERY
404~

FIG. 4C




WO 2014/071376

FIG. 5

516~

VIEWING
PLANE

5/11

514

PCT/US2013/068511

/
PLANE OF DISPLAY | ~500
CONVERGENCE SCREEN
I
508
e

I510

522

A




WO 2014/071376

516
N

VIEWING
PLANE

|
I
I
I
I
114 |

6/11

500
/

DISPLAY
SCREEN

612
\

608
| |
< / > \ >
518 620

PCT/US2013/068511
FIG. 6
PLANE OF | ~606
CONVERGENCE
600
610 e
6041 V)
AN
/ ‘-\
\
\
|
|
/ /
I {
| )
| I
\ [
\ J
\ |
\ |
\ L
‘ |
\\* //



PCT/US2013/068511

WO 2014/071376

7/11

8¢l 9cl Vel
~ ~ ~
= ) T~ )
WNINIXYW = 047 171 WNNIXYW- = 047
INIL )
WNINIXVIN = 047 " 0L/ 90L~_
47 ov. gg/ oL 4 /
\ \ ~ \ °
[ L 4 o \\  J
138440
vl NOISNA
, WNINIXYW- = 047
8v/
1077d IWIL 13S440 NOISN4
_ _ _ _ _ _
wz L[| oz ||| =z sz ||| 9z ||| vz wz (LWl oz ||| %0z
138440 || ]| 1358340 ||!]] L3s440 138440 || ]| 138440 |[|!|] L3s440 138440 || !]] 138440 ||I|] 138440
NOISN4 _ NOISN4 _ NOISN4 NOISN4 _ NOISNA _ NOISNA NOISN4 _ NOISN4 _ NOISN4
sz [I| vz ||| z z ||| @ ||| sz az ||| sz |I| oz
uvd |1l uvd |1 wivd uvd  [I] uvd  [I]  divd uvd  |I| uvd  [I]  uivd
Fovml |I| Foww |1 3owwi Jovml (I Fowwi [I| 3owwi ovnl [I| Fovwi [I] Jowwi
| | | | | |
\ VELRIES / /
0€L 2OV Q. 9L 20L
€ aN30S ¢ N3OS L AN3OS
L ‘DI ~

004




PCT/US2013/068511

WO 2014/071376

8/11

9¢/

~, A
vyl
9z8 d
ANIL I o\E
- 8¢c8 3dVHS 90/
0vg | 818 vmﬂ Q3IHLOOWS 0\5 o~
2v) < JdVHS 818
! = a3aHLOO0ONS
)
° Y
/ 13S440
Yl NOISNd
008 d8 ‘DId
107d FNIL 13S440 NOISNd AIHLOOINS
& & ]
~ — A
8zL / ver |
ov. 9¢. (7]
m__>__u._. WNINIXYIN = 047 ANNNIXYIN- =04V
\ 90 ~_
acs [-9v8 i o .
N JdVHS 3dVHS \ vyl
[ & ® ® / Y
J J va« «M¢ ) 0L 138440
47 ovL e NONIRYI- = 047 NOISN
8. V8 ‘DIA

107d JNIL 13S440 NOISN4



PCT/US2013/068511

WO 2014/071376

9/11

1448

44¢ 06

8€6 9¢€6




PCT/US2013/068511

WO 2014/071376

10/11

040}~ ; > NOIL¥Od LNdNI 5701 -2.01
—— Av3dLS I9VAI % Y Y 6101
00. LLOL NOILYOd 3ovdolLs | 7201 ~] NolLyod 39VH0LS
TVNOISNINIQ 33uH1 900k VLva LNdNI VIVQ INdNI [« /
wcmv 0Id00SORMALS N gzg | 01d0OSOILS
8v0L NOLLHO04 gzol~] P80 }-9.01
ANV1d JONIOYIANOD 7 ONLO3LIAVIV -
— oV 6001 JONIOUIANOD 2801 10801
WO 5400s03aLs NOILYOd 8201~ NOILY¥Od mmE
120114 010l JOVHOLS V.1Va JOVHOLS VIVA |«
—~ Y JONFOUIANOD  N_gegp | FONIou3ANOD
zo_Eo.moMm_”émzmw NOLLEOd o N bveol
> HOLVINOWWO INVId [
3OVINI 01d0ISOTHALS Bm F JONIONIANOD [-060¢ 1.-8801
A
LLOL-"] T Pa NOILYOd ¢e0l~{  Noidod mwS
ORI JOVHOLS ANV J9VHOLS ANVTd |«
‘ Z10L JONFOUIANOD  N_pegp | FONIOUIANOD
viva / ~[i1e01~4  1-ce0L X 0601
09011 o_moww%w%a T 7>|_NOLL¥Od ONRIvdNo9 [~ )
Y
NOILYOd 39V0LS V1va 500 9601 |  sea  NOILMOd 39VHOLS NOSIMVANOD
1NdNI 01d0J3S03d3LS mom_‘ /: " 9¢0l INV1d 3ONIDHIANOD
\ »| NOILYOd NOILYDIJIQON [
Nmmﬂ mﬁ%m S0 zo_HmoJ_,F:mF:o 1" NOILYOd YLva Smwao JIOOSORIALS R ppg)
B . rell—y Gl0) 1001~ Goop  39/AI0ONLLOTOO
poor 0T OIA Z0oL 1 ¥ITIONINOD [ V.VQ 0ld00SOTHILS




WO 2014/071376 PCT/US2013/068511
11/11

1100

'/

S0 ()
2

A
$1104~ RECEIVE 3D IMAGE STREAM

Y
S1106~] DETECT CONVERGENCE DATA

Y
S1108~J cALCULATE CONVERGENCE PLANE

Y
S1110~J" comMPARE CONVERGENCE PLANE

S1112

DO NOT MAKE
MODIFICATION

DETERMINE
IF MODIFICATION
NEEDED?

MAKE MODIFICATION
S1114-" MODIFY IMAGE PAIR PARALLAX

Y

OUTPUT ADJUSTED
S$1116-] STEREOSCOPIC DATA

NO

STOP REQUEST?

S1118
S1120

FIG. 11



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2013/068511

A. CLASSIFICATION OF SUBJECT MATTER

HO04N 13/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO02B 27/00, 27/22-27/26, GO6T 7/00, HO4N 13/00-13/04, 15/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO internal), USPTO, PAJ, Esp@cenet, DWPI, EAPATIS, PATENTSCOPE, Information Retrieval System of
FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0109731 A1 (SAMSUNG ELECTRONICS CO., LTD.) 12.05.2011, 1-12
[0021]-[0024], [0027]-[0034], [0036]-[0039], [0065], [0069], [0079], fig. 1, 6,7
X US 2011/0310982 A1 (LG ELECTRONICS INC.) 22.12.2011, [0009], [0024], 1-12
[0025], [0030], [0074] [0091]-[0100], [0105], fig. 7
A WO 2012/037075 A1 (THOMSON LICENSING et al.) 22.03.2012 1-12
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “1” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

03 February 2014 (03.02.2014)

Date of mailing of the international search report

13 March 2014 (13.03.2014)

IName and mailing address of the ISA/ FIPS
Russia, 123995, Moscow, G-52, GSP-5,
Berezhkovskaya nab., 30-1

Facsimtle No. +7 (499) 243-33-37

Authorized officer
R. Artemiev

Telephone No. 499-240-25-91

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report

