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STEREOSCOPIC IMAGING METHOD AND
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese Pat-
ent Application No. 106116269, filed on May 17, 2017.

FIELD

[0002] The disclosure relates to an imaging method, and
more particularly to a stereoscopic imaging method and
device.

BACKGROUND

[0003] A conventional stereoscopic imaging technique
uses a stereoscopic display to provide a left-eye image and
a right-eye image to the left and right eyes of a viewer,
respectively, to create three-dimensional (3D) illusion for
the viewer based on horizontal disparity between the eyes of
the viewer. However, such technique may cause headache
and fatigue of the eyes due to an excessively large disparity
between the images viewed by the left and right eyes.
[0004] In order to alleviate the abovementioned undesired
symptom and achieve better viewing experience, some con-
ventional techniques focus on adjustment of the disparity.
For instance, sensitivity of the human eyes to depth infor-
mation may be further considered to set an upper limit and
a lower limit of the disparity on a basis of converging ability
of the viewer’s eyes, to enhance the depth sensation within
a predetermined disparity range, or to emphasize 3D sensa-
tion of a specific region by removing/weakening some
information of scenes that may adversely affect the depth
sensation.

[0005] However, since the visual optimization of these
conventional techniques is performed in advance and are not
adjustable in real time based on the viewer’s changeable
viewing behavior, the expected optimization effect may not
be achieved when the viewing behavior fails to conform
with a prescribed condition for which the optimization
would be effective (e.g., a position on a display screen at
which the viewer is looking falls outside of the designed
range of the optimization algorithm).

SUMMARY

[0006] Therefore, an object of the disclosure is to provide
a stereoscopic imaging method that can generate a stereo-
scopic image based on a screen position at which a viewer
is looking.

[0007] According to the disclosure, a stereoscopic imag-
ing method is proposed for generating a stereoscopic image
on a display screen for a viewer based on a pair of a first
image and a second image that respectively correspond to
different viewing angles. The stereoscopic imaging method
includes: acquiring viewer-related information that includes
a pupil distance between pupils of the viewer, a first param-
eter associated with a negative disparity condition, and a
second parameter associated with a positive disparity con-
dition; upon receipt of positional information associated
with a convergence position on the display screen at which
the viewer is looking, acquiring, by a processor based on the
positional information, a convergence disparity value from
an original disparity map that corresponds to the first and
second images, the convergence disparity value correspond-
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ing to a pixel of the display screen at the convergence
position; generating a disparity transformation model by the
processor based on at least the convergence disparity value
and the viewer-related information; transforming, by the
processor, the original disparity map into a transformed
disparity map based on the disparity transformation model;
and synthesizing, by the processor, the first image and the
second image into the stereoscopic image based on the
transformed disparity map.

[0008] According to the disclosure, a stereoscopic imag-
ing device is proposed for generating, for a viewer, a
stereoscopic image on a display screen that has a plurality of
pixels arranged at a pixel density. The stereoscopic imaging
device includes a storage device and a processor. The
storage device stores a pair of a first image and a second
image that respectively correspond to different viewing
angles, an original disparity map that corresponds to the first
and second images and that has a plurality of disparity
values corresponding respectively to the pixels of the dis-
play screen, and information of the pixel density of the
display screen. The processor is coupled to the storage
device for acquiring therefrom the first image, the second
image, the original disparity map, and the information of the
pixel density of the display screen, is disposed to receive
positional information associated with a convergence posi-
tion on the display screen at which the viewer is looking, and
viewer-related information that includes a pupil distance
between pupils of the viewer, a first parameter associated
with a negative disparity condition, and a second parameter
associated with a positive disparity condition, and is con-
figured to acquire, upon receipt of the positional informa-
tion, a convergence disparity value from the original dis-
parity map based on the positional information, where the
convergence disparity value corresponds to one of the pixels
of the display screen at the convergence position. The
processor is further configured to generate a disparity trans-
formation model based on at least the convergence disparity
value and the viewer-related information, to transform the
original disparity map into a transformed disparity map
based on the disparity transformation model, and to synthe-
size the first image and the second image into the stereo-
scopic image based on the transformed disparity map.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Other features and advantages of the disclosure
will become apparent in the following detailed description
of the embodiment(s) with reference to the accompanying
drawings, of which:

[0010] FIG. 1 is a block diagram illustrating an embodi-
ment of the stereoscopic imaging device according to the
disclosure; and

[0011] FIG. 2 is a flow chart illustrating an embodiment of
the stereoscopic imaging method according to the disclo-
sure.

DETAILED DESCRIPTION

[0012] Before the disclosure is described in greater detail,
it should be noted that where considered appropriate, refer-
ence numerals or terminal portions of reference numerals
have been repeated among the figures to indicate corre-
sponding or analogous elements, which may optionally have
similar characteristics.
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[0013] Referring to FIG. 1, the embodiment of the stereo-
scopic imaging device 100 according to this disclosure
includes a storage device 11 (e.g., a flash memory, a hard
disk drive, a random access memory, etc.), an input device
12 (e.g., a remote controller, a keyboard, a touch screen, a
computer mouse, etc.), an eye tracking device 13 (e.g., an
eye tracker), and a processor 14.

[0014] In this embodiment, the storage device 11 may
store a plurality of first images that correspond to a first
viewing angle, a plurality of second images that correspond
to a second viewing angle which is different from the first
viewing angle, a plurality original disparity maps, and
information of a pixel density of a display screen (not
shown) that is configured to display thereon a stereoscopic
image generated by the stereoscopic imaging device 100.
The second images respectively correspond to the first
images in terms of image content and time to be displayed,
and each of the second images and the corresponding first
image form an image pair. Each original disparity map
corresponds to a corresponding image pair. The pixel density
is associated with a number of pixels per unit area of the
display screen, and is usually represented in terms of PPI
(pixels per inch), but this disclosure is not limited in this
respect. In this embodiment, the first viewing angle is
exemplified to be a viewing angle for the left eye of the
viewer, and the second viewing angle is exemplified to be a
viewing angle for the right eye of the viewer. Each original
disparity map includes a plurality of disparity values respec-
tively corresponding to the pixels of the display screen, and
is acquired based on a first disparity image associated with
the corresponding first image, and a second disparity image
associated with the corresponding second image. The first
disparity image includes a plurality of first disparity pixel
values respectively corresponding to image pixels of the
corresponding first image (also, the pixels of the display
screen), and the second disparity image includes a plurality
of second disparity pixel values respectively corresponding
to the image pixels of the corresponding second image (also,
the pixels of the display screen). Each disparity value of the
original disparity map may be acquired based on a corre-
sponding one of the first disparity pixel values, a corre-
sponding one of the second disparity pixel values, or an
average of the corresponding first and second disparity pixel
values, etc., which should be familiar to persons skilled in
the art, so details thereof are omitted herein for the sake of
brevity.

[0015] The input device 12 is configured to generate data,
such as a first parameter (C,,,,) and a second parameter
(C,,a0)> 10 response to an input operation performed thereon
by the viewer. In this embodiment, the first parameter (C,,,,,)
is viewer-defined and is used to set a criterion of D ../
D, pjecr<C <1 50 as to achieve a desired 3D sensation for
a virtual 3D object of the stereoscopic image formed in a
negative disparity condition (a condition that the virtual 3D
object is formed in front of the display screen with respect
to the viewer, i.e., between the viewer and the display
screen), and the second parameter (C,,,,.) is user-defined and
is used to set a criterion of D, ,.../D,,...~>C, . to achieve
a desired 3D sensation for a virtual 3D object of the
stereoscopic image formed in a positive disparity condition
(a condition that the virtual 3D object is formed behind the
display screen with respect to the viewer), where D, .., is
aviewer distance representing a distance between the viewer
and the display screen, and D, is an object distance
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representing a distance between the virtual 3D object and the
display screen, which is defined to be positive in the positive
disparity condition, and negative in the negative disparity
condition. In other words, when the viewer distance is fixed,
the first/second parameter defines a maximum object dis-
tance to achieve the desired 3D sensation for the virtual 3D
object of the stereoscopic image formed in the negative/
positive disparity condition.

[0016] The eye tracking device 13 is used to estimate a
pupil distance between the pupils of the viewer, and to detect
movements of the eyeballs of the viewer to generate posi-
tional information associated with a convergence position on
the display screen at which the viewer is looking.

[0017] The processor 14 is electrically coupled to the
storage device 11, the input device 12 and the eye tracking
device 13 to receive data therefrom.

[0018] It should be noted that, in some embodiments, the
input device 12 may be omitted from the stereoscopic
imaging device 100, and the storage device 11 further stores
the first parameter and the second parameter; in some
embodiments, the eye tracking device 13 may be omitted
from the stereoscopic imaging device 100, and the input
device 12 further generates data that indicates the pupil
distance and the positional information in response to input
operations performed thereon by the viewer; and in some
embodiments, the eye tracking device 13 is configured to
detect rotation angles of the eyeballs of the viewer, and the
processor 14 generates/calculates the positional information
based on the detected rotation angles of the eyeballs.
[0019] Referring to FIGS. 1 and 2, the stereoscopic imag-
ing device 100 generates the stereoscopic image on the
display screen for the viewer according to the following
steps 201 to 206, which are exemplified to generate a
stereoscopic image based on an image pair including one
first image and one second image that correspond to each
other, and which may be applied to multiple image pairs to
generate a plurality of corresponding stereoscopic images.
[0020] In step 201, the processor 14 acquires viewer-
related information that includes the pupil distance, the first
parameter and the second parameter. In this embodiment, the
pupil distance is acquired from the eye tracking device 13,
and the first and second parameters are acquired from the
input device 12, but this disclosure is not limited in this
respect.

[0021] In step 202, upon receipt of the positional infor-
mation, the processor 14 acquires a convergence disparity
value based on the positional information from an original
disparity map corresponding to the first image and the
second image. The convergence disparity value is one of the
disparity values in the original disparity map that corre-
sponds to a pixel of the display screen at the convergence
position.

[0022] It is noted that, in the embodiments that do not
include the input device 12, the processor 14 may acquire
the first and second parameters from the storage device 11 in
step 201; in the embodiments that do not include the eye
tracking device 13, the processor 14 may acquire the pupil
distance, the first parameter and the second parameter from
the input device 12 in step 201, and acquire the positional
information from the input device 12 in step 202.

[0023] In step 203, the processor 14 calculates a transfor-
mation lower limit of disparity for a transformed disparity
map (that will be generated in the follow steps) based on the
pupil distance, the first parameter, and a pixel density of the
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display screen, and calculates a transformation upper limit of
disparity for the transformed disparity map based on the
pupil distance, the second parameter, and the pixel density
of'the display screen. In this embodiment, the transformation
lower limit and the transformation upper limit of disparity
are calculated according to:

Bii== D gy XPPD/(C it 1); and i
@ iax=(D g XPPD/(C 1) ii.
where d

[0024] min
limit of disparity, d,

represents the transformation lower
.o Tepresents the transformation upper
limit of disparity, D, represents the pupil distance, PPI
represents the pixel density, C,,,, represents the first param-
eter, and C,,,, represents the second parameter.
[0025] It is noted that steps 202 and 203 are not neces-
sarily performed in sequence. That is, step 203 may be
performed after step 202, before step 202, or simultaneously
with step 202.
[0026] In step 204, the processor 14 generates a disparity
transformation model based on the transformation upper
limit, the transformation lower limit, the convergence dis-
parity value and the viewer-related information. In this
embodiment, the disparity transformation model is gener-
ated to be

T(d):0.5><{1+eﬁ{(d—df)/(0'\/7)]}x(dmax—dmin)+dmin,

and

NT. NT
Qi <A<, a.

where d represents an arbitrary one of a plurality of disparity
values in the original disparity map, d, " represents a
lower limit for the disparity values in the original disparity
map, d,, 7 represents an upper limit for the disparity
values in the original disparity map, d, represents the con-
vergence disparity value, erf].] represents an error function,
o represents a standard deviation of the disparity values in
the original disparity map, and T(d) is a transformation
function to transform each of the disparity values in the
original disparity map into a respective transformed dispar-
ity value in the transformed disparity map.
[0027] In another embodiment, the disparity transforma-
tion model may be generated further based on the upper limit
and the lower limit for the disparity values in the original
disparity map. The disparity transformation model can be
derived as:

T )=AXA X (e

where

i) (@’ =i Vi

dS<d <dpS; and

T(ds)=A X QX (A
where

@) G =i D+ s

d,>dS or d,,<d~S;

where d, represents the convergence disparity value, S is a
predetermined attention value that cooperates with the con-
vergence disparity value to define an attention disparity
range in the original disparity map, which may correspond
to an attraction region on the display screen that attracts the
viewer’s attention (i.e., the region which the viewer is
looking at, around the convergence position), d, represents
one of the disparity values in the original disparity map that
falls within the attention disparity range, d,,, represents one
of the disparity values in the original disparity map that falls
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outside of the attention disparity range, d,,,* represents the

lower limit for the disparity values in the original disparity
map, d,,, ¥ represents the upper limit for the disparity
values in the original disparity map, A_ is a predetermined
first transformation value, A, is a predetermined second
transformation value, T(d,) is a transformation function to
transform each of the disparity values in the original dis-
parity map that falls within the attention disparity range into
a respective transformed disparity value in the transformed
disparity map, and T(d,,) is a transformation function to
transform each of the disparity values in the original dis-
parity map that falls outside of the attention disparity range
into a respective transformed disparity value in the trans-
formed disparity map. It is noted that, based on the above
disparity transformation model, the disparity value in the
original disparity map that falls within the attention disparity
range between d~S and d +S would be transformed to have
relatively strong depth sensation.

[0028] Instep 205, the processor 14 transforms each of the
disparity values in the original disparity map into a respect
transformed disparity value based on the disparity transfor-
mation model, thereby transforming the original disparity
map into the transformed disparity map. Accordingly,
through the disparity transformation model, the disparity
values that correspond to the pixels falling within the
attraction region may be enhanced to achieve stronger 3D
illusion, and the disparity values that correspond to the
pixels falling outside of the attraction region may be weak-
ened to restrain the 3D illusion. However, the transformed
disparity values, whether corresponding to the pixels falling
within or outside of the attraction region, would range
between the transformation upper limit and the transforma-
tion lower limit, thereby providing comfortable 3D viewing
experience to the viewer.

[0029] In step 206, the processor 14 synthesizes the first
image and the second image into the stereoscopic image
based on the transformed disparity map.

[0030] In summary, according to this disclosure, the pro-
cessor 14 acquires the convergence disparity value based on
the positional information and the original disparity map,
and generates the disparity transformation model based on
the convergence disparity value and the viewer-related infor-
mation, so as to perform synthesis of the first image and the
second image to generate the stereoscopic image based on
the real-time viewing behavior of the viewer.

[0031] In the description above, for the purposes of expla-
nation, numerous specific details have been set forth in order
to provide a thorough understanding of the embodiment(s).
It will be apparent, however, to one skilled in the art, that one
or more other embodiments may be practiced without some
of these specific details. It should also be appreciated that
reference throughout this specification to “one embodi-
ment,” “an embodiment,” an embodiment with an indication
of an ordinal number and so forth means that a particular
feature, structure, or characteristic may be included in the
practice of the disclosure. It should be further appreciated
that in the description, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure
and aiding in the understanding of various inventive aspects.
[0032] While the disclosure has been described in con-
nection with what is (are) considered the exemplary embodi-
ment(s), it is understood that this disclosure is not limited to
the disclosed embodiment(s) but is intended to cover various
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arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifi-
cations and equivalent arrangements.

What is claimed is:

1. A stereoscopic imaging method for generating, based
on a pair of a first image and a second image that respec-
tively correspond to different viewing angles, a stereoscopic
image on a display screen for a viewer, said stereoscopic
imaging method comprising:

acquiring viewer-related information that includes a pupil

distance between pupils of the viewer, a first parameter
associated with a negative disparity condition, and a
second parameter associated with a positive disparity
condition;

upon receipt of positional information associated with a

convergence position on the display screen at which the
viewer is looking, acquiring, by a processor based on
the positional information, a convergence disparity
value from an original disparity map that corresponds
to the first and second images, the convergence dispar-
ity value corresponding to a pixel of the display screen
at the convergence position;

generating a disparity transformation model by the pro-

cessor based on at least the convergence disparity value
and the viewer-related information;

transforming, by the processor, the original disparity map

into a transformed disparity map based on the disparity
transformation model; and

synthesizing, by the processor, the first image and the

second image into the stereoscopic image based on the
transformed disparity map.

2. The stereoscopic imaging method of claim 1, further
comprising:

estimating, by an eye tracking device, the pupil distance

of the viewer; and

detecting, by the eye tracking device, movements of

eyeballs of the viewer to generate the positional infor-
mation;

wherein the processor acquires the pupil distance from the

eye tracking device, acquires the first and second
parameters from a storage device, and receives the
positional information from the eye tracking device.

3. The stercoscopic imaging method of claim 1, further
comprising:

generating, by an input device, the viewer-related infor-

mation and the positional information in response to an
input operation performed thereon;

wherein the processor acquires the viewer-related infor-

mation and the positional information from the input
device.

4. The stereoscopic imaging method of claim 1, further
comprising:

measuring, by an eye tracking device, the pupil distance

of the viewer; and

detecting, by the eye tracking device, movements of

eyeballs of the viewer to generate the positional infor-
mation; and

receiving, by an input device, the first and second param-

eters in response to an input operation performed
thereon;

wherein the processor acquires the pupil distance from the

eye tracking device, acquires the first and second
parameters from the input device, and receives the
positional information from the eye tracking device.
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5. The stereoscopic imaging method of claim 1, wherein
the generating the disparity transformation model includes:
calculating a transformation lower limit of disparity for
the transformed disparity map based on the pupil
distance, the first parameter, and a pixel density of the
display screen;
calculating a transformation upper limit of disparity for
the transformed disparity map based on the pupil
distance, the second parameter, and the pixel density of
the display screen; and
generating the disparity transformation model based on
the transformation lower limit of disparity, the trans-
formation upper limit of disparity, and the convergence
disparity value.
6. The stereoscopic imaging method of claim 5, wherein
the transformation lower limit of disparity and the transfor-
mation upper limit of disparity are calculated according to:

dmin:_(DeyeXPPI)/(cmin

+1); and

@Dy XPPDAC it 1),

where d,;, represents the transformation lower limit of
disparity, d,,,. represents the transformation upper limit of
disparity, D,,, represents the pupil distance, PPI represents

the pixel density, C,,, represents the first parameter, and
C,,.. represent the second parameter.

7. The stereoscopic imaging method of claim 6, wherein
the disparity transformation model is generated to be

T(d)=0.5x{ 1+t (d=d) (OVD}X(@ x4 s
and

NT. NT
G <A<

min

where d represents an arbitrary one of a plurality of disparity
values in the original disparity map, d,, " represents a
lower limit for the disparity values in the original disparity
map, d,, 7 represents an upper limit for the disparity
values in the original disparity map, d, represents the con-
vergence disparity value, erf].] represents an error function,
O represents a standard deviation of the disparity values in
the original disparity map, and T(d) is a transformation
function to transform each of the disparity values in the
original disparity map into a respective transformed dispar-
ity value in the transformed disparity map.

8. The stereoscopic imaging method of claim 6, wherein

the disparity transformation model is generated to be
T )= A XA X (@ e

where

i) ol =™+ iy

dS<d <dq+S; and

T(d5)=A X X (s
where

LG LE A L

d,>dsS or d, <dS;

where d, represents the convergence disparity value, S is a
predetermined attention value that cooperates with the con-
vergence disparity value to define an attention disparity
range in the original disparity map, d, represents one of a
plurality of disparity values in the original disparity map that
falls within the attention disparity range, d, . represents one
of the disparity values in the original disparity map that falls
outside of the attention disparity range, d, 7 represents a
lower limit for the disparity values in the original disparity
map, d,, 7 represents an upper limit for the disparity

ma
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values in the original disparity map, A, is a predetermined
first transformation value, A, is a predetermined second
transformation value, T(d,) is a transformation function to
transform each of the disparity values in the original dis-
parity map that falls within the attention disparity range into
a respective transformed disparity value in the transformed
disparity map, and T(d,,) is a transformation function to
transform each of the disparity values in the original dis-
parity map that falls outside of the attention disparity range
into a respective transformed disparity value in the trans-
formed disparity map.

9. A stereoscopic imaging device for generating, for a
viewer, a stereoscopic image on a display screen that has a
plurality of pixels arranged at a pixel density, said stereo-
scopic imaging device comprising:

a storage device storing a pair of a first image and a
second image that respectively correspond to different
viewing angles, an original disparity map that corre-
sponds to the first and second images and that has a
plurality of disparity values respectively corresponding
to the pixels of the display screen, and information of
the pixel density of the display screen; and

a processor coupled to said storage device for acquiring
therefrom the first image, the second image, the origi-
nal disparity map, and the information of the pixel
density of the display screen, disposed to receive posi-
tional information associated with a convergence posi-
tion on the display screen at which the viewer is
looking, and viewer-related information that includes a
pupil distance between pupils of the viewer, a first
parameter associated with a negative disparity condi-
tion, and a second parameter associated with a positive
disparity condition, and configured

to acquire, upon receipt of the positional information, a
convergence disparity value from the original disparity
map based on the positional information and the origi-
nal disparity map, the convergence disparity value
being one of the disparity values that corresponds to
one of the pixels of the display screen at the conver-
gence position,

to generate a disparity transformation model based on at
least the convergence disparity value and the viewer-
related information,

to transform the original disparity map into a transformed
disparity map based on the disparity transformation
model, and

to synthesize the first image and the second image into the
stereoscopic image based on the transformed disparity
map.

10. The stereoscopic imaging device of claim 9, further
comprising an eye tracking device coupled to said processor,
and configured to estimate the pupil distance of the viewer,
and to detect movements of eyeballs of the viewer to
generate the positional information;

wherein said storage device further stores the first param-
eter and the second parameter;

wherein said processor is further configured to acquire the
pupil distance and the positional information from said
eye tracking device, and to acquire the first and second
parameters from said storage device.

11. The stereoscopic imaging device of claim 9, further
comprising an input device coupled to said processor, and
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configured to generate the viewer-related information and
the positional information in response to an input operation
performed thereon;
wherein said processor acquires the viewer-related infor-
mation and the positional information from said input
device.
12. The stereoscopic imaging device of claim 9, further
comprising:
an eye tracking device coupled to said processor, and
configured to measure the pupil distance of the viewer,
and to detect movements of eyeballs of the viewer to
generate the positional information; and
an input device coupled to said processor, and configured
to generate the first parameter and the second parameter
in response to an input operation performed thereon;
wherein said processor is configured to acquire the pupil
distance from said eye tracking device, and to acquire
the first and second parameters from said input device,
and receives the positional information from said eye
tracking device.
13. The stereoscopic imaging device of claim 9, wherein
said processor is further configured
to calculate a transformation lower limit of disparity for
the transformed disparity map based on the pupil
distance, the first parameter, and the pixel density of the
display screen;
to calculate a transformation upper limit of disparity for
the transformed disparity map based on the pupil
distance, the second parameter, and the pixel density of
the display screen; and
to generate the disparity transformation model based on
the transformation lower limit of disparity, the trans-
formation upper limit of disparity, and the convergence
disparity value.
14. The stereoscopic imaging device of claim 13, wherein
the transformation lower limit of disparity and the transfor-
mation upper limit of disparity are calculated according to:

@ii=—(D o, XPPIY(C,p5,+1); and

@Dy XPPDAC it 1),

where d,;, represents the transformation lower limit of
disparity, d,,,,, represents the transformation upper limit of
disparity, D,,, represents the pupil distance, PPI represents

the pixel density, C,,, represents the first parameter, and
C,,.. represent the second parameter.
15. The stereoscopic imaging device of claim 14, wherein
the disparity transformation model is generated to be
T(d)=0.5x{ 1+erf(d~d) OV} X (A, =i i

and

NT. NT
G <A<

min

where d represents an arbitrary one of the disparity values in
the original disparity map, d,,,* represents a lower limit for
the disparity values in the original disparity map, d,, 7"
represents an upper limit for the disparity values in the
original disparity map, d, represents the convergence dis-
parity value, erf].] represents an error function, a represents
a standard deviation of the disparity values in the original
disparity map, and T(d) is a transformation function to
transform each of the disparity values in the original dis-
parity map into a respective transformed disparity value in
the transformed disparity map.
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16. The stereoscopic imaging device of claim 14, wherein
the disparity transformation model is generated to be

T(d)=A XA X (@ B (@i =i 4 i
where

drS<d <dq+S; and

T(ds)=A XX (A
where

@) G =i D+ s

d,>dS or d, <d-S;

where d, represents the convergence disparity value, S is a
predetermined attention value that cooperates with the con-
vergence disparity value to define an attention disparity
range in the original disparity map, d; represents one of the
disparity values in the original disparity map that falls within
the attention disparity range, d,; represents one of the
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disparity values in the original disparity map that falls
outside of the attention disparity range, d,,*7 represents a
lower limit for the disparity values in the original disparity
map, d,, 7 represents an upper limit for the disparity
values in the original disparity map, A_ is a predetermined
first transformation value, A, is a predetermined second
transformation value, T(d,) is a transformation function to
transform each of the disparity values in the original dis-
parity map that falls within the attention disparity range into
a respective transformed disparity value in the transformed
disparity map, and T(d,,) is a transformation function to
transform each of the disparity values in the original dis-
parity map that falls outside of the attention disparity range
into a respective transformed disparity value in the trans-
formed disparity map.
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