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DESCRIPTION

TITLE OF INVENTION: SYSTEM USING A TEMPORAL

PARALLAX INDUCED DISPLAY AND METHOD THEREOF

TECHNICAL FIELD
The present invention relates generally to systems and

methods that use temporal parallax induced displays.

BACKGROUND ART

One technique to present an' image that has a three
dimensional appearance is to use a three dimensional dis_play..
One type of three dimensional display uses a liquid crystal

display shutter glass worn by the viewer. The shutter glass

may be controlled by an emitter and alternatively darken over

one eye then the other in synchronization with the refresh

rate of the screen. Unfortunately, many viewers do not prefer

to wear glasses while viewing a display.

Another technique to display a three dimensional image

to the viewer is using an autostereoscopic display. In general,

an autostereoscopic display includes view dependent pixels,
each of which may include different intensities and colors,
based upon the viewing 'angle of the viewer. This viewing
angle dependency may be achieved through a variety of

different techniques, such as including a parallax barrier
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within the display. The result, without the use of special
headgear or glasses being worn by the viewer, is that the
viewer will perceive a different image with each eye. If the
image data is controlled for each eye’s viewing angle, the
viewer will sense a three dimensional image. Unfortunately,
incorporating a parallax barrier reduces the spatial resolution
of the display and reduces brightness while adding additional
manufacturing complexity to the display together with an
increase in expense. Also, the cross talk befween multiple
overlapped views deteriorates the three dimensional viewing
experience.

Another limitation for both types of stereoscopic displays
is that in the home there can be an accommodation and

vergence mis-match. This occurs because the eyes can be

focused on the distance of the screen, yet can be converged to

the apparent depth within the image. These differences can
lead to eyestrain, headache, or nausea.

What is desired is a three dimensional type display that
has no spatial resolution loss, no brightness reductién,
without requiring the viewer to wear glasses, and does not

cause accommodation and vergence mis-matches.

SUMMARY OF INVENTION
The present invention relates to systems and methods

for presenting an image to a viewer.
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Some embodiments comprise a system for presentation
of an image. The system comprises a display for selectively
presenting at least a pair of images of a scene or object,
where the images are images of the scene or object from-
different viewpoints such that a viewer observes the scene or
object in a three dimensional manner without requiring
glasses of the viewer, and a filter that modifies at least one of
the images by attenuating parallax distortions between the
images above a visual threshold of the human visual system
to a greater extent than parallax distortions between the
images below the visual threshold of the human visual system.

Some embodiments comprise a méthod for presentation
of an image on a display. The method comprises receiving at
least a pair of images of a scene or object, where the images
are images of the scene or object from different viewpoints,
selectively presenting the images on the display such that a
viewer observes the scene or object in a three dimensional
manner Without requiring glasses of the viewer, and filtering
at least one of the images with a filter that modifies the at
least one of the images by attenuating parallax distortions
between the images above a visual threshold of the human
visual system to a greater extent than parallax distortions
between the images below the visual threshold of the human
visual system.

The foregoing and other objectives, features, and
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advantages of the invention will be more readily understood
upon consideration of the following detailed description of the
invention, taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a horizontal parallax system.

FIG. 2 illustrates a vertical parallax system.

FIG. 3 illustrates an image capture technique using
temporal parallax.

FIG. 4 illustrates a temporal parallax system to redu.ce
rocking distortions and flicker from a stereo pair of images.

FIG. 5 illustrates a temporal parallax system to reduce
rocking distortions and flicker from two dimensional images
and a depth map.

FIG. 6 illustrates calculation of a threshold elevation
due to masking.

FIG. 7 illustrates calculation of a th'reshold elevation

due to visual fil’tering.'

FIG. 8 illustrates a method for using temporal parallax.

DESCRIPTION OF EMBODIMENTS
Referring to FIG. 1, one technique to achieve three
dimensional characteristics on a flat two dimensional display,

typically used for displaying two dimensional images, is to
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use a temporal parallax induction technique. The imaged
object 100 is viewed by a pair of image capture devices 102,
104 offset from one another by an aperture distance 110
thereby defining a parallax angle 120. The captured images
are displayed on a standard 2D display 130 (i.e., not a
stereoscopic display) alternating the different views in t;ime by
a sequencing process 140. The viewer’s mind builds a mental
three dimensional perception of the scene from these
alternating views by reconstruction from his short-term
memory.

Preferably the system receives the left and right ifnages
in alternating synchronization, each of which having the same
format and pixel dimensions as the other. Alternatively, the
system may receive ‘the left and right images in
synchronization. Depending on the sequence of the
presentation, un-necessary images may be discarded and

otherwise not presented to the viewer. 1In either case, the

number of pixels presented by the left image is the same as

the number of pixels presented by the right image, thus not
requiring a display with an increase in the pixel density for
three dimensional presentation over what is used for two
dimensional presentation (or a subsequent loss of resolution
relevant to the maximum display resolution). Preferably the
image has substantially the same number of pixels as the

display. The left image and right image are not necessarily
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images offset in only a horizontal direction, but rather, are
indicative of a pair of images that are offset from one another
in any direction relatively to the object, at any scale, format,
or pixel dimensions.

The sequencing process 140 includes a frame scaler 150
that determines the rate that the left image and right image
are switched relative to the overall frame rate. The
alternating frequencies are preferably in the range of 4-8
hertz, so with a 60 frames per second (fps) video system, a 6
hertz alternating of views can be achieved by selecting five
left image frames, followed by five right image frames,
followed by five left image frames, and so on. The period, T,
of the alternating sequence is 10 frames, given a 6 hertz

oscillation. This technique, as can be observed, uses a

traditional two dimensional display, so there is no additional

cost incurred in the display technology to generate the

perception of depth. Further, the vergence of the eyes and

the accommodation are both at the display screen surface, so

there is no mis-match.

The output of the frame scaler 150 is used to select
between images from the left image and the right image. In
the event K is odd 160, then the left irhage is selected and the
right image is discarded 162. In the event K is even 164, then
the right image is selected and the left image is discarded 166.

In this manner, the desired number of images from the
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desired right images or left images is selected as a sequence.
A frame formatter 170 receives the right image or left image,
and arranges the right image or left image as a sequence of
images for presentation to the display 130. In general, the
offsets cause viewpoint parallax, and since it changes in time,
it becomes a motion parallax.

Typically, in stereographic imaging, the right and left
cameras are arranged from 15 degrees for an object at 0.3
meters, 4 degrees at 1.0 meter, and 0.87 degrees at S meters.
Preferably for the temporal parallax induction technique of
FIG. 1 the cameras are not placed at the typical distance of
the eyes, but rather considerably closer, such as a parallax
angle as low as 1 ciegree at 1.0 meter. The reason for such a
small parallax is because with the temporal parallax
induction technique there tends to cause a “rocking
distortion” or a “parallax distortion” becéuse the alternating
views are different for different portions .of the image. In
general “rocking” artifacts / distortions refers to any such
offsets in the images being presented. In essence, different
portions of the object will tend to be observed to shift
different distances between the left image and the right image.
Large image shifts can not be fused by the visual system into
a depth illusion, as given by data of boundaries in angular
disparity and viewing distance referred to as Pannum’s fusion

area. If disparity fusion does not occur, then the result is
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two edges of a single object that flicker back and forth (i-e.
the rocking distortion). This oscillation between the left
image and the right image is very distracting to the viewer.

Referring to FIG. 2, a modified technique uses cameras
that are vertically offset, rather than horizontally offset.
Having a vertical offsét tends to reduce the rocking distortion
viewed by the viewer.

Referring to FIG. 3, a further modified technique uses an
image captﬁre device that oscillates among a continuum of
alternating views (or multiple views) as opposed to switching
between just two views. This may be generally considered a
sinusoidal or triangular position viewpoint as a function of
time as opposed to a square wave as a function of time. In
some cases,v a system may use both horizontal parallax as

well as vertical parallax. Moreover, the system may oscillate

together with a combination of horizontal parallax and/or

vertical parallax and/or random views.

One technique for two different parallax views to occur

to the visual system is for the viewpoivn't to rotate while the

head stays still. This makes the system receive the images
from a rotating viewpoint. Since the head is generally still
while viewing the temporél parallax induction imagery on é
two dimensional display, one side effect of the inherent
oscillation of the temporal parallax induction is that it looks

like the object or scene is turning back and forth. Due to the
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common frequency rate used in this technique, it is similar to
a rocking motion. This effect can be quite disturbing as it
can cause the entire scene to rock back and forth in unison,
and since it may be observed as a three dimensional image,
the effect tends to be even stronger.

While the 'temporal parallax induction technique
provides the appearance of depth for an image, it
unfortunately tends to include some rocking distortions that
may be undesirable to the viewer. The temporal parallax
induction technique may include a filter based upon the
human visual system to reduce the rocking distortions to a
level that is less objectionable to the viewer or otherwise
generally unnoticeable to the viewer (a level less than they

would otherwise have been had the filter not modified the at

least one of the images). Thus the benefits of the temporal

parallax induction technique may be achieved without the

rocking distortion drawbacks associated with the technique.

In general, any filter may be used based upon adaptively

adjusting at least one of frequ'ency and amplitude as a
function of location.

To reduce the rocking/parallax distortions a visual
model of the human visual system is used to remove,
preferably a majority if not all, of the rocking distortions
significantly above the visual threshold of the human visual

system. In addition, the rocking distortions near the
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threshold or slightly above the threshold of the human visual
system are likewise significantly reduced or otherwise
removed. The rocking distortions below or near the threshold
of the human visual system are preferably not modified or
otherwise mnot attenuated a temporal parallax depth
impression remains to the viewer. In particular, the visual
model may suppress "_the local spatial image differences
(disparities from the views) between the different views of the
scene (between the two images). Preferably, the suppression
is performed in the two-dimensional space (i.e., the image
space that the image is actually displayed). Alternatively, the
suppression may be performed in three dimensional space, if
desired.

The source data may be in any format, any type of data
compression, and represented by any desirable characteristics.
For example, in the case of a pair of cameras the
representation may be pairs of left images and right images.
For example, particularly for computer generated graphics,
the representation may be an image together with a depth
map. In most cases, the depth map is at the same resolution
as or lower than the image. These images can be computer
generated synthetic images.

Referring to FIG. 4, a synchronized pair of a left image
and a right image are Ireceived or otherwise a sequence of

frames forming a video. Preferably, the left image and right
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image are syn»chronized at the same frame rate and phase.
Initially, a difference 200 is determined between the left
image and the right image. In general the difference will have
a zero mean and will extend to a positive maximum value and
to a negative maximum value. An offset may be added to
adjust the values so that only positive values exist. The
degree to which the viewer may observe rocking artifacts,
which sometimes appears as double edges, in the image is
generally related to the absolute value of the magnitude of the'
difference.

Due to the spatial and temporal frequency sensitivities
of the human visual system, as well as masking properties of
the human visual system, all of the differences between the
images that are visible in isolation, or in a static image, will
not be readily visible to the viewer. In other words, the
visibility of these code values is not equal for equal
differences in values. A model of the human visual system
may be used to alter the difference image so that the
differences that cause the rocking distortion are not readily
visible to the viewer when viewed at the desired frame rates,
or in the context of a static image. A threshold elevation
image 210 is calculated which is based upon the human
visual system, described in detail later. The output of the
elevation image 210 is a map of the threshold elevation as a

function of image position (threshold map or threshold
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elevation image). The threshold elevation image may operate

on the left image, and/or right image, as desired (that is, for

the input left image and the right image may be reversed).
The values may be scaled by a supra-threshold scaler 220 to
permit additional just-noticeable differences above the
threshold that may be allowed to appear in the image so to
allow visually degrading the imag.e to desired amounts. This
allows a tradeoff in the strength of the depth illusion versus
the visibility of the rocking distortion.

The output of the elevation image 210 is then processed
by a soft-ceiling operator 230 which is preferably pixel
dependent, which sets the maximum difference (ceiling)
allowed as a function of position in the image (e.g., an
absolute value maximum). It is referred to as a ‘soft’ operator
because it uses a soft transition from allowing the image
difference to be unaltered (slope of 1 as illustrated in 230), to |

the region where it is clamped entirely (a slope of 0 as

illustrated in 230). The output of the soft ceiling operator is

an image whose maximum differences are suppressed by the
human visual system models of thresholds, so that the
differences are all close to the threshold. In this case a
display is used that has substantially the same number of
pixels as the number of pixels of the output image.

Next a modified left image 240 is made by adding the

modified image difference 250 with a negative sign to the right
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image 260. At this point the system has a new left image and
right»im.age pair of images that are input to the sequence
process 140 of the temporal parallax induction. While
illustrated for a left image and right image pair, the technique
likewise works for any set of temporal parallax pairs of images,
no matter the source.

Another modifying technique is illustrated in FIG. 5
using a two dimensional image 300 together with its depth
image map 310. For simplification, the resolution of the two
dimensional image and depth image may be presumed to be
the same, or otherwise scaled to be the same. From the depth
map and the two dimensional image, a new view 320 may be
synthesized. While the single image and depth map may be
used directly, Ausing two of the two dimensional images plus a
depth map helps with handling image occlusions. The system
.rnay synthesize mnew views to correspond to smoothly
oscillating left image and right image, or vertical parallax
angles, or combinations thereof. The oscillation pattern is
controlled in 330 by a TPI viewpoint oscillator with fixed
patterns (fixed parameters). The fixed patterns or parameters
include frequency, gain, and phase of the oscillation for the
X,y axes, or a table controlling more random or otherwise
complek patterns. Also, other oscillating patterns or
parameters may be used such as a random pattern or a

pattern that is image dependent. The output image from
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these sequential varying viewpoints is then saved in a frame
buffer (in order to delay) and compared to the next frame (or
previous frame) to form a difference image. The delay may
need to be scaled by the frame scaler, K. The differenée
image is operated on by the soft ceiling operator whose
amplitude, Te, is based on the human visual model to
determine a threshold elevation image in step 210 from either
the current or previous frame. The threshold image is also
scaled by the desired threshold scalef for the same purpose
as in FIG. 4. Next, the modified difference image base from
the previous frame 340 is combined with the current frame
350 to generate a frame delayed temporal parallax induced
image 360. These steps are preferably done at the frame rate,
as indicated by the signal F. The new video sequence consists
of a singie image frame for each frame of the sequence, and
can be consequently shown on a two dimensional display
capable of showing video sequences. Depending on the supra
threshold, scalar, and oscillation parameters, it may result in
a two dimensional image that appears to have its depth
enhanced. The images_ can also be selectively presented
based on a viewpoint selector.

The elevation image 210 may be detérmined using any
suitable technique. One such technique includes modeling
the effects of the variability of the visual threshold as subject

to the image content, often referred to as masking, as shown
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in FIG. 6. The first step is to take the input image and
decompose it into different (multiple) frequency bands 370
(“sub-images” of the input image). Any suitable image
decomposition (spatial frequency decomposition) technique
that approximates the human visual system spatial frequency
analysis may be used. Examples include a two dimenéional
Cartesian wavelet technique, Gaussian pyramid technique,
cortex transform technique, steerable filter pyramid technique,
and others. For each of these frequency bands, the contrast
is calculated (contrast calculation) in a pixel-dependent
manner in step 380. The technique may likewise be spatial in
character, such as using a spatial filter bank of sub-images,
if desired. In this way the rocking artifacts (parallax
distortions) can be reduced to a level above the human
threshold for substantially all of the spatial regions and
frequencies of the image. As well as this, the spatial
frequency decomposition can include a masking function
calculation. Next these contrast signals are used to generate
a masking signal by known methods for each band and pixel
position in step 390. Then, these masking signals are

combined across the bands to generate a single masking

threshold elevation image in step 400. This masking threshold

can also be used in a human visual system model. The
combination may be a Minkowski summation (terms raised to

a power, p, then summed, then the sum subject to an inverse
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power function (1/p)). Other types of combinations may
likewise be used. One technique for scaling the threshold
map is to use a value of 1.0 for just at threshold elevation. In
a simple implementation, a threshold can correspond to one
gray level difference. Higher levels of threshold elevation,
such as a value of 2.0, means the differences are two times
the ordinary threshold will be allowed to remain in the image.
Those higher than two would be generally‘suppressed to a
difference of two. Similarly for other threshold elevation
values that are greater than 1.0.

. Referring to FIG. 7, another technique includes
calculating a threshold elevation map to focus on the retinal
image capture limits of the visual system, which are primarily
manifest in the contrast sensitivity function of the human
visual systerﬁ, which describe visibility as a function of
frequency. In particular, one may use a spatio or a
spatiotemporal contrast sensitivity function, which may be
implemented as a filter. This filter can be a spatial-temporal
filter with low-pass characteristics in both spatial and
temporal directions. The first step is to apply a
spatiotemporal filter (ST-CSF filter) 500 that has
characteristics of the visual system, to give an image FP(i,j)
510. The imaging system and display may be calibrated in
520 to the visual threshold (using parameters like viewing

distance, display contrast and tonescale) for determining a
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filtered pixel value. This threshold can also include a
disparity measure. Since the ST-CSF has a zero DC response,
the images become zero mean, and the pixel amplitudes are
close to describing contrasts (this can be made more accurate
by scaling by the mean of the image, or local mean). These
contrasts are divided in 530 by the threshold giving an image
FP*(1,]) 540. Next a comparator against 1 is used, on a per-
pixel basis. If the division output is < 1, then this means the
difference image at that point is below threshold, and no
modification of the difference image at that location is needed.
The other branch path is that for the division output being >
1, in which case the TE value is 1/division output (TE= 1/
FP*(i,j)). This will suppress it to the threshold value. Next

the pixels from the two paths are combined in a manner

based on which path they took, without interaction from each

other in the combination step. Values higher than 1.0 may be
used for the reasons as in step 220 in FIG. 5.

The above systems can be implemented by a method for
presentation of an image on a display to a viewer, such as
that shown in FIG. 8. This method includes receiving 600 at
least a pair of images of a scene or object, where the images
are images of the scene or object from different viewpoints,
sequentially (selectively) presenting 620 the images on the
display such that a viewer observes the scene or object in a

three dimensional manner without requiring glasses of the
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viewer.

This method also includes filtering (modifying) 610 at
least one of the images that modifies the at least one of the
images by attenuating parallax distortions between the

images above a visual threshold of the human visual system

to a greater extent than parallax distortions between the

images below the visual threshold of the human visual system.

The terms and expressions which have been employed in

the foregoing specification are used therein as terms of

description and not of limitation, and there is no intention, in

the wuse of such terms and expressions, of excluding

equivalents of the features shown and described or portions
thereof, it being recognized that the scope of the invention is

defined and limited only by the claims which follow.
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CLAIMS

1. A system for presentation of an image comprising:

(a) a display for selectively presenting at least a pair of
images of a scene or object, where said images are images of
said scene or object from different viewpoints such that a
viewer observes said scene or object in a three dimensional
manner without requiring glasses of said viewer; and

(b) a filter that modifies at least one of said images by
attenuating parallax distortions between said images above a
visual threshold of the human visual system to a greater
extent than parallax distortions between said images below

said visual threshold of the human visual system.

2. The system of claim 1 wherein said parallax
distortions are determined based upon a magnitude of the
disparities between said images where said magnitude 1is

further modified based upon the human visual system.

3. The system of claim 1 wherein said filter is a spatial-
temporal filter with low-pass characteristics in both spatial

and temporal directions.

4. The system of claim 1 wherein said visual threshold is

a masking threshold for a human visual system model that is
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applied to different values for each sub-image of said images

in a spatial filter bank of sub-images.

S. The system of claim 1 wherein said at least a pair

of images are horizontally offset from one another.

6. The system of claim 1 wherein said at least a pair

of images are vertically offset from one another.

7. The system of claim 1 wherein an offset of at least

a pair of images is modified as a function of time.

8. The system of claim 1 wherein an orientation of

said different viewpoints is random.

9. The system of claim 1 wherein said display has
substantially the same number of pixels as the number of

pixels of said at least one of said pair of images.

10. The system of claim 1 wherein said at least a pair
of images are obtained from a pair of image capture devices,
said at least a pair of images having the same format and

pixel dimensions.

11. The system of claim 1 wherein said at least a pair
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of images are obtained in synchronization.

12. The system of claim 1 wherein said selectively
presenting said image is based upon a frame scaler that

determines the rate that said images are displayed.

13. The system of claim 12 wherein said scaler is used

to select between two viewpoints of images.

14. The system of claim 1 wherein said different
viewpoints have a parallax angle of less than 1 degree at a

distance of 1.0 meter to the said scene or object.

15. The system of claim 1 wherein said at least a pair
of images are obtained from a pair of image capturing devices

from a rotating viewpoint.

16. The system of claim 15 wherein said pair of image

capture devices provides more than two different viewpoints.

17. The system of claim 1 wherein said parallax
distortions are reduced in one region of said at least one of
said images while not reduced in other regions of said at least

one of said images.
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18. The system of claim 1 wherein said parallax
distortions are reduced to a level less than a visual threshold

of the human visual system.

19. The system of claim 1 wherein said parallax
distortions are reduced to a level less than a threshold

greater than a visual threshold of the human visual system.

20. The system of claim 1 wherein said parallax
distortions are reduced to a level above the human threshold
for substantially all of at least one of spatial regions and

frequencies of said at least one of said images.

21. The system of claim 1 wherein said parallax
distortions are reduced in the two-dimensional space of said

at least one pair of images of said scene or object.

22. The system of claim 1 wherein said pair of images

includes a depth map.

23. The system of claim 1 wherein said filter includes a

soft-ceiling operator.

24. The system of claim 1 wherein said filter is pixel

dependent.
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25. The system of claim 1 wherein said filter is based

upon image decomposition into multiple frequency bands.

26. The system of claim 1 wherein said filter is based
upon a contrast sensitivity function of the human visual

system.

27. The system of claim 1 wherein said pair of images

is based upon a two dimensional image and a depth map.

28. The system of claim 27 wherein said two
dimensional image and depth map are used to render two

dimensional views.

29. The system of claim 28 wherein at least a pair of
images from said two dimensional views are used for said

selectively presenting images on said display.

30. The system of claim 29 wherein said selectively

presenting images is based upon a viewpoint selector.

31. The system of claim 30 wherein a threshold
elevation image is calculated based upon at least one of said

two dimensional views.
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32. The system of claim 31 wherein a soft ceiling
operator is based upon said threshold elevation image for said

selectively presenting images on said display.

33. The system of claim 31 wherein said threshold
elevation 1image is based upon a spatial frequency

decomposition.

34. The system of claim 33 wherein said spatial

frequency decomposition includes a contrast calculation.

35. The system of claim 33 wherein said spatial
frequency decomposition includes a masking function

calculation.

36. The system of claim 31 wherein said threshold

elevation image is based upon a spatiotemporal filter.

37. The system of claim 36 wherein said spatiotemporal

filter includes a contrast sensitivity function.

38. The system of claim 37 wherein said threshold
elevation image uses a threshold to determine a filtered pixel

value.
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39. The system of claim 38 wherein said threshold

includes a disparity measure.

40. The system of claim 1 wherein said images are

computer generated synthetic images.

41. The system of claim 26 wherein said contrast
sensitivity function 1is based upon a spatial contrast

sensitivity function.

42. The system of claim 26 wherein said contrast
sensitivity function is based upon a spatiotemporal contrast

sensitivity function.

43. A method for presentation of an image on a display
comprising:

(a) receiving at least a pair of images of a scene or
object, where said images are images of said scene or object
from different viewpoints;

(b) selectively presenting said images on said display
such that a viewer observes said scene or ébject in a three
dimensional manner without requiring glasses of said viewer;
and

(c) filtering at least one of said images with a filter
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that modifies said at least one of said images by attenuating
parallax distortions between said images above a visual
threshold of the human visual system to a greater extent than
parallax distortions between said images below said visual

threshold of the human visual system.
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