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The main lens collects light information from a scene [ 60

The micro-lens array forms a plurality of adjacent
micro-images at different positions of the light sensing ™~ 62
component according to the light field information

The image processing unit obtains an image pixel L~ 64
value from an i™ image zone of each of the
micro-images

The image processing unit generates n camera L~ 66
images respectively corresponding to the first to n"
viewing angles according to the image pixel values
obtained in step 64

The image synthesizing unit combines the camera
images to generate the 3D image

FIG.6
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1
METHOD OF USING A LIGHT-FIELD
CAMERA TO GENERATE A
THREE-DIMENSIONAL IMAGE, AND LIGHT
FIELD CAMERA IMPLEMENTING THE
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Taiwanese Application
No. 103110699, filed on Mar. 21, 2014.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method to generate a three-
dimensional (3D) image, and more particularly to a method
of using a light-field camera to generate a 3D image.

2. Description of the Related Art

A conventional method for generating a 3D image
requires at least two cameras to obtain parallax images for
synthesis. Since parameters (e.g., an aperture, a shutter, a
focal length, a light sensing component, etc.) of the cameras
may not be identical, and the images obtained by the
cameras may be out of focus, precision of the parallax
images thus obtained may be insufficient. In order to solve
such issues encountered in the conventional method, deli-
cate cameras and complex image processing algorithms may
be used for calibration of the parameters to obtain the
parallax images and to synthesize the 3D image, resulting in
higher costs and long times for calculation.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide
a method of using a light-field camera to generate a three-
dimensional (3D) image. The method may reduce costs and
amount of calculations in generation of images at different
viewing angles.

According to one aspect of the present invention, a
method of using a light-field camera to generate a three-
dimensional (3D) image is provided. The light-field camera
includes a main lens for collecting light field information
from a scene, a micro-lens array that includes a plurality of
microlenses, a light sensing component, and an image
processing module. The method comprises:

(a) forming, using the micro-lens array, a plurality of
adjacent micro-images at different positions of the light
sensing component according to the light field information
collected by the main lens, each of the micro-images cor-
responding to a respective one of the microlenses, and
including first to n” image zones that respectively corre-
spond to first to n” viewing angles, where n is an integer and

(b) generating, by the image processing module, a number
n of camera images respectively corresponding to the first to
n” viewing angles, each of the camera images being gen-
erated by:

obtaining an image pixel value from an i image zone of

each of the micro-images, so as to form one of the
camera images that corresponds to the i viewing
angle, where 1 is a positive integer and i=n; and

(c) combining, by the image processing module, the
camera images to generate the 3D image.

Another object of the present invention is to provide a
light-field camera capable of generating a 3D image.

According to another aspect of the present invention, a
light-field camera comprises:
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a main lens, a micro-lens array including a plurality of
microlenses, and a light sensing component arranged in
order from an object side to an image side,

the main lens to collect light field information from a

scene,

the micro-lens array to form a plurality of adjacent

micro-images at different positions of the light sensing
component according to the light field information
collected by the main lens, each of the micro-images
corresponding to a respective one of the microlenses,
and including first to n” image zones that respectively
correspond to first to n” viewing angles, where n is an
integer and n=<2; and

an image processing module including:

an image processing unit to generate a number n of

camera images respectively corresponding to the first to
n"” viewing angles, each of the camera images being
generated by:

obtaining an image pixel value from an i” image zone of

each of the micro-images, so as to form one of the
camera images that corresponds to the i”* viewing
angle, where 1 is a positive integer and i=n; and

an image synthesizing unit to combine the camera images
to generate a three-dimensional (3D) image.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention
will become apparent in the following detailed description
of an embodiment with reference to the accompanying
drawings, of which:

FIG. 1 is a schematic diagram illustrating an embodiment
of a light-field camera according to the present invention;

FIG. 2 is a schematic diagram illustrating a plurality of
micro-images formed on a light sensing component of the
embodiment;

FIG. 3 is a schematic diagram illustrating a micro-image
that includes a plurality of image zones;

FIG. 4 is a schematic diagram illustrating an example in
which each of the micro-images has an even number of pixel
rows in a vertical direction;

FIG. 5 is a schematic diagram illustrating an example in
which each of the micro-images has an odd number of pixel
rows in the vertical direction;

FIG. 6 is a flow chart illustrating steps of an embodiment
of' a method of using a light-field camera to generate a 3D
image according to the present invention;

FIG. 7 is a schematic diagram showing camera images of
respective left and right viewing angles obtained using the
embodiment; and

FIG. 8 is a schematic diagram showing a red-cyan 3D
image obtained using the embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENT

Referring to FIGS. 1 to 3, the embodiment of the light-
field camera 1 adapted to generate a three-dimensional (3D)
image according to this invention is shown to include a main
lens 11, a micro-lens array 12 and a light sensing component
13 arranged in the given order from an object side to an
image side, and an image processing module that includes an
image processing unit 14 and an image synthesizing unit 15.

The micro-lens array 12 includes a plurality of microl-
enses 121. In this embodiment, the microlenses 121 are
arranged in a rectangular array.
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The main lens 11 collects light field information from a
scene 100. The microlenses 121 of the micro-lens array 12
form a plurality of adjacent micro-images 2 at different
positions of the light sensing component 13 according to the
light field information collected by the main lens 11. Each of
the micro-images 2 corresponds to a respective one of the
microlenses 121, and includes first to n” image zones
(referring to FIG. 3, the micro-image 2 has n image zones
divided by n-1 imaginary lines L, to L, _,) that respectively
correspond to first to n” viewing angles, where n is an
integer and n=2. Each image zone of the micro-image 2 has
pxq pixels, where p, q are integers. In one embodiment, the
micro-images 2 all have the same number of pixels.

The image processing unit 14 generates a number n of
camera images respectively corresponding to the first to n”
viewing angles. Each of the camera images is generated by
obtaining an image pixel value from an i” image zone of
each of the micro-images 2, so as to form one of the camera
images that corresponds to the i” viewing angle, where i is
a positive integer and i=n. For each of the image zones, the
image pixel value thus obtained is associated with at least
one pixel that is completely covered by a projection of the
corresponding one of the microlenses 121 onto the light
sensing component 13.

In this embodiment, n=2, i.e., each micro-image 2 has a
first image zone 21 and a second image zone 22. Note that
the present invention should not be limited in this respect,
and n may be greater than 2 in other embodiments. For each
micro-image 2, the image processing unit 14 obtains an
image pixel value from each of the first and second image
zones 21, 22 to serve as a respective one of a first image
pixel value and a second image pixel value. The image
processing unit 14 then generates a first camera image
corresponding to a first viewing angle according to the first
image pixel value obtained from the first image zone 21 of
each of the micro-images 2, and generates a second camera
image corresponding to a second viewing angle according to
the second image pixel value obtained from the second
image zone 22 of each of the micro-images 2. In this
embodiment, the first and second image zones 21, 22 of each
of the micro-images 2 are disposed at two opposite portions
of'the corresponding micro-image 2. As an example, the first
image zone 21 is disposed at a left portion of the corre-
sponding micro-image 2, and the second image zone 22 is
disposed at a right portion of the corresponding micro-image
2. Note that positions of the first and second image zones 21,
22 may be interchanged, and the present invention should
not be limited in this respect. Referring to FIG. 2, the first
image zone 21 is disposed at a left side of an imaginary line
L, and the image processing unit 14 arranges the first image
pixel value obtained from the first image zone 21 of each of
the micro-images 2 to generate the first camera image
corresponding to a left viewing angle (e.g., a numeral 41 in
FIG. 7). On the other hand, the second image zone 22 is
disposed at a right side of the imaginary line L, and the
image processing unit 14 arranges the second image pixel
value obtained from the second image zone 22 of each of the
micro-images 2 to generate the second camera image cor-
responding to a right viewing angle (e.g., a numeral 42 in
FIG. 7).

In a first implementation, each of the first and second
image pixel values is obtained from one pixel of the respec-
tive one of the image zones 21, 22 that is completely covered
by the projection of the corresponding microlens 121 onto
the light sensing component 13. As shown in FIG. 2, the first
and second image zones 21, 22 include all pixels of the
micro-image 2 that are completely covered by the projection
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of'the microlens 121, which are represented using bold lines.
The other pixels of the micro-image 2 that are not com-
pletely covered by the projection of the microlens 121 are
represented using dotted lines, and are not the pixels used to
obtain the first and second image pixel values. In this
implementation, the first image pixel value obtained from
the first image zone 21 of each of the micro-images is the
pixel value of a single pixel of the first image zone 21, where
said single pixel is called a first image pixel herein. The
second image pixel value obtained from the second image
zone 22 of each of the micro-images is the pixel value of a
single pixel of the second image zone 22, where said single
pixel is called a second image pixel herein. The first image
pixel and the second image pixel are disposed at symmetri-
cal positions with respect to the imaginary line L. In
addition, the first image pixels are located at corresponding
positions with respect to the micro-images 2, and the second
image pixels are located at corresponding positions with
respect to the micro-images 2. In one embodiment, the first
image pixel is disposed at or adjacent to an edge (e.g., a left
edge) of the first image zone 21, and the second image pixel
is disposed at or adjacent to an edge (e.g., a right edge) of
the second image zone 22, which is symmetrical to the edge
of the first image zone 21 with respect to the imaginary line
L. In another embodiment, the first image pixel is located at
or adjacent to a center (e.g., a central pixel) of the edge of
the first image zone 21, and the second image pixel is located
at or adjacent to a center of the edge of the second image
zone 22. As an example, when the first and second image
zones 21, 22 are disposed at the left and right portions of the
corresponding micro-image 2, the first and second image
pixels respectively may be central pixels of the leftmost and
rightmost pixel columns of the micro-image 2 (see FIG. 5),
or pixels adjacent to centers of the leftmost and rightmost
pixel columns of the micro-image 2 (see FIG. 4). Similarly,
when the first and second image zones 21, 22 are disposed
at upper and lower portions of the corresponding micro-
image 2, the first and second image pixels respectively may
be central pixels of the uppermost and lowermost pixel rows
of the micro-image 2, or pixels adjacent to centers of the
uppermost and lowermost pixel rows of the micro-image 2.

FIGS. 4 and 5 show examples in which the first image
zone 21a, 215 and the second image zone 22a, 225 of each
micro-image 2 are disposed at two horizontally opposite
sides (i.e., left side and right side) with respect to the vertical
imaginary line L1, L. It may be derived from FIGS. 4 and
5 that, in some examples, the first image zone and the second
image zone of each micro-image may be disposed at two
vertically opposite sides (i.e., upper side and lower side)
with respect to a horizontal imaginary line. Note that the
micro-image 2 is also denoted as 2a or 24 in FIGS. 4 and 5.

Referring to FIG. 4, it is exemplified that each of the
micro-images 2 has an even number of pixel rows in a
vertical direction. When the micro-image 2 has an even
number of pixel columns in a horizontal direction, like the
micro-image 2a, the first image zone 21a is disposed at the
left side of the imaginary line .1, and the second image zone
22a is disposed at the right side of the imaginary line L1.
The imaginary line [1 is an imaginary central line of the first
and second image zones 21a, 22a. In one embodiment, the
first image pixel value is obtained from the pixel 211qa of the
first image zone 21a, and the second image pixel value is
obtained from the pixel 221a of the second image zone 22a.
Note that the pixels 211a and 221qa are disposed at sym-
metrical positions with respect to the imaginary line L1. In
another embodiment, the first image pixel value is obtained
from the pixel 212a of the first image zone 21a, and the
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second image pixel value is obtained from the pixel 2224 of
the second image zone 22a. Note that the pixels 212a and
222aq are disposed at symmetrical positions with respect to
the imaginary line [.1. When the micro-image 2 has an odd
number of pixel columns in the horizontal direction, like the
micro-image 25, the first image zone 2156 is disposed at the
left side of the imaginary line 1.2, and the second image zone
22b is disposed at the right side of the imaginary line [.3.
The imaginary line L. between the imaginary lines 1.2, [.3 is
the imaginary central line of the first and second image
zones 21b, 22b. In one embodiment, the first image pixel
value is obtained from the pixel 2115 of the first image zone
21b, and the second image pixel value is obtained from the
pixel 2215 of the second image zone 22b. Note that the
pixels 2115 and 2215 are disposed at symmetrical positions
with respect to the imaginary line L. In another embodiment,
the first image pixel value is obtained from the pixel 2125 of
the first image zone 215, and the second image pixel value
is obtained from the pixel 2225 of the second image zone
22b. Note that the pixels 21256 and 2225 are disposed at
symmetrical positions with respect to the imaginary line L.

Referring to FIG. 5, it is exemplified that each of the
micro-images 2 has an odd number of pixel rows in the
vertical direction. When the micro-image 2 has an even
number of pixel columns in the horizontal direction, like the
micro-image 2a, the first image zone 21a is disposed at the
left side of the imaginary line .1, and the second image zone
22a is disposed at the right side of the imaginary line L.1.
The imaginary line L1 is an imaginary central line of the first
and second image zones 21a, 22a. In one embodiment, the
first image pixel value is obtained from the pixel 213a of the
first image zone 21a, and the second image pixel value is
obtained from the pixel 223a of the second image zone 22a.
Note that the pixels 213a and 223a are disposed at sym-
metrical positions with respect to the imaginary line L1.
When the micro-image 2 has an odd number of pixel
columns in the horizontal direction, like the micro-image 24,
the first image zone 215 is disposed at the left side of the
imaginary line 1.2, and the second image zone 225 is
disposed at the right side of the imaginary line [.3. The
imaginary line L between the imaginary lines 1.2, L3 is the
imaginary central line of the first and second image zones
215, 22b. In one embodiment, the first image pixel value is
obtained from the pixel 2135 of the first image zone 215, and
the second image pixel value is obtained from the pixel 2235
of the second image zone 22b. Note that the pixels 2135 and
223b are disposed at symmetrical positions with respect to
the imaginary line L.

As a result, complex image processing algorithms are not
required in this implementation for obtaining the image
pixel values that form the first and second camera images, to
thereby reduce processing time for calculation of processing
the first and second camera images. The first and second
camera images are used to simulate parallax between left
and right eyes for obtaining a 3D image.

In a second implementation, each of the first and second
image zones 21, 22 has a plurality of pixels each having a
pixel value. In one embodiment, the first and second image
zones 21, 22 have the same number of pixels. Referring to
FIG. 4, as to the micro-image 2a, the first image zone 21a
is disposed at the left side of the imaginary line [.1, and the
second image zone 22qa is disposed at the right side of the
imaginary line L1. The first image pixel value is obtained
from the first image zone 21a by averaging the pixel values
of all of the pixels of the first image zone 21a, and the
second image pixel value is obtained from the second image
zone 22a by averaging the pixel values of all of the pixels
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of the second image zone 22a. As to the micro-image 25, in
one example, the first image zone 2156 is disposed at the left
side of the imaginary line [.2, and the second image zone
225 is disposed at the right side of the imaginary line [.3.
The first image pixel value is obtained from the first image
zone 215 by averaging the pixel values of all of the pixels
of'the first image zone 215, and the second image pixel value
is obtained from the second image zone 226 by averaging
the pixel values of all of the pixels of the second image zone
22b. In another example, the first image zone 215 is disposed
at the left side of the imaginary line L3 (i.e., the first image
zone 215 includes all of the pixels of the micro-image 25
that are disposed at the left side of the imaginary line [.3),
and the second image zone 225 is disposed at the right side
of the imaginary line .2 (i.e., the second image zone 22b
includes all of the pixels of the micro-image 254 that are
disposed at the right side of the imaginary line [.2). In other
words, the first and second image zones 215 and 226 partly
overlap. The first image pixel value is obtained from the first
image zone 215 by averaging the pixel values of all of the
pixels of the first image zone 215, and the second image
pixel value is obtained from the second image zone 225 by
averaging the pixel values of all of the pixels of the second
image zone 22b. As to FIG. 5, for the micro-images 2a and
25, the first and second image pixel values are obtained in
the same way as that illustrated for FIG. 4, and further
details thereof are omitted herein for the sake of brevity. It
should be noted that, via averaging the pixel values of all of
the pixels of each of the first and second image zones 21, 22,
the first and second camera images thus generated may be
respectively focused on specific locations (i.e., may respec-
tively have specific focal lengths that may be the same or
different), and objects at those locations may be made clear.

In this embodiment, after the image processing unit 14
obtains the first and second image pixel values for each of
the micro-images 2 by using one of the abovementioned
methods, the image processing unit 14 writes the first image
pixel values thus obtained into a bitmap image according to
the first image pixel values and the corresponding positions
of the related micro-images 2 on the light sensing compo-
nent 13, so as to generate the first camera image, and writes
the second image pixel values thus obtained into a bitmap
image according to the second image pixel values and the
corresponding positions of the related micro-images 2 on the
light sensing component 13, so as to generate the second
camera image. In FIG. 7, the first and second camera images
41, 42, which respectively correspond to the left and right
viewing angles, are generated using the method of the first
implementation.

The image synthesizing unit 15 combines the n camera
images, which respectively correspond to n different view-
ing angles, to generate a 3D image. For example, when n=2,
the image synthesizing unit 15 performs synthesis according
to the first and second camera images, so as to generate the
3D image. Detailed implementation for 3D image synthesis
should be well-known to persons skilled in the art, and will
not be described hereinafter. For example, anaglyph 3D
technique (i.e., red cyan 3D technique), interleave 3D tech-
nique (current mainstream for 3D television and movie),
polarized 3D technique (current mainstream for 3D com-
puter screen), band-pass filtering 3D technique, etc., may be
used for combining two 2D images to generate the 3D
image. As to the aforementioned first implementation, when
the first and second camera images 41, 42 (see FIG. 7) are
combined to generate the 3D image using the anaglyph 3D
technique, the result may be a red-cyan 3D image 43, as
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shown in FIG. 8. Wearing red/cyan 3D glasses to watch such
an image may result in good 3D viewing experience.

Referring to FIGS. 1, 2 and 6, an embodiment of a method
of using the light-field camera 1 to generate a 3D image
includes the following steps:

Step 60: The main lens 11 collects light information from
a scene 100.

Step 62: The micro-lens array 12 forms a plurality of
adjacent micro-images 2 at different positions of the light
sensing component 13 according to the light field informa-
tion collected by the main lens 11. Each of the micro-images
2 corresponds to a respective one of the microlenses 121,
and includes first to n” image zones that respectively cor-
respond to first to n” viewing angles.

Step 64: The image processing unit 14 obtains an image
pixel value from an i image zone of each of the micro-
images 2, so as to form a camera image that corresponds to
the i” viewing angle, where i is a positive integer and

In one embodiment, the image processing unit 14 obtains
the pixel value of one of the pixels of the i” image zone to
serve as the image pixel value corresponding to the i image
zone.

In another embodiment, the image processing unit 14
obtains a weighted value of the pixel value of one of the
pixels of the i” image zone, which is called an image pixel
herein, and the pixel values of the pixels in a vicinity of the
image pixel, which are called nearby pixels herein, to serve
as the image pixel value corresponding to the i”” image zone.
For example, the nearby pixels may be the pixels adjacent to
the image pixel at an upper side, a lower side, a left side and
a right side of the image pixel, and a sum of weights of the
image pixel and the nearby pixels is equal to 1. However, the
present invention should not be limited to the abovemen-
tioned example. Numbers of the nearby pixels and the
weights of the image pixel and the nearby pixels may be
adjusted as required.

In yet another embodiment, the image processing unit 14
averages the pixel values of all of the pixels of the i” image
zone to obtain the image pixel value corresponding to the i
image zone.

Step 66: The image processing unit 14 generates n camera
images respectively corresponding to the first to n viewing
angles by repeating step 64.

Step 68: The image synthesizing unit 15 combines the n
camera images to generate the 3D image.

To sum up, the image processing unit 14 obtains the
image pixel value from the i image zone of each of the
micro-images 2 on the light sensing component 13, writes
the image pixel values associated with the i” image zone of
the micro-images 2 into a camera image corresponding to
the i” viewing angle, so as to generate n camera images
respectively corresponding to n different viewing angles.
During generation of the camera image corresponding to the
i viewing angle, the image processing unit 14 is not
required to perform complex calculations, so as to reduce
processing time that is required for calculations in the prior
art. In addition, the light-field camera 1 of the present
invention is suitable for use in any device having a camera
module, such as a monitoring system, a handheld device
(e.g., a mobile phone), an event data recorder (EDR), a
notebook computer, an astronomical telescope, etc., or for
cooperation with any device that may present or generate 3D
objects, such as a 3D television, a 3D printer, 3D glasses,
etc. 3D images may be quickly obtained by using only one
light-field camera of the present invention. Particularly, in
the aforementioned first implementation, parallax images
may be obtained without any algorithm calculation such that
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the 3D image synthesis may be completed within a relatively
short amount of time compared to the conventional 3D
imaging techniques, and may not be out of focus since the
images are obtained from actual light field information.

While the present invention has been described in con-
nection with what is considered the most practical embodi-
ment, it is understood that this invention is not limited to the
disclosed embodiment but is intended to cover various
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 method of using a light-field camera to generate a
three-dimensional (3D) image, the light-field camera includ-
ing a main lens for collecting light field information from a
scene, a micro-lens array that includes a plurality of micro-
lenses, a light sensing component, and an image processing
module, said method comprising:

(a) forming, using the micro-lens array, a plurality of
adjacent micro-images at different positions of the light
sensing component according to the light field infor-
mation collected by the main lens, each of the micro-
images corresponding to a respective one of the micro-
lenses, and including first to n” image zones that
respectively correspond to first to n” viewing angles,
where n is an integer and n=2;

(b) generating, by the image processing module, a number
n of camera images respectively corresponding to the
first to n” viewing angles, each of the camera images
being generated by:
obtaining an image pixel value from an i image zone

of each of the micro-images, so as to form one of the
camera images that corresponds to the i viewing
angle, where 1 is a positive integer and i=n; and

(c) combining, by the image processing module, the
camera images to generate the 3D image.

2. The method according to claim 1, wherein, in step (b),
for each of the image zones, the image pixel value thus
obtained is associated with at least one pixel that is com-
pletely covered by a projection of the corresponding one of
the microlenses onto the light sensing component.

3. The method according to claim 1, wherein each of the
image zones has at least one pixel each having a pixel value,
and in step (b), the image pixel value obtained from the i”*
image zone of each of the micro-images is associated with
the pixel value of one of said at least one pixel of the i
image zone.

4. The method according to claim 3, wherein, in step (b),
the image pixel value obtained from the i image zone of
each of the micro-images is the pixel value of one of said at
least one pixel of the i” image zone.

5. The method according to claim 3, wherein each of the
image zones has a plurality of said pixels, and in step (b), the
image pixel value obtained from the i image zone of each
of the micro-images is a weighted value of the pixel value
of one of the pixels of the i’ image zone, and the pixel
values of the pixels in a vicinity of said one of the pixels of
the i” image zone.

6. The method according to claim 3, wherein:

n=2, and each of the micro-images includes a first image
zone and a second image zone;

in step (b), the image pixel value obtained from the first
image zone is a first image pixel value, and the image
pixel value obtained from the second image zone is a
second image pixel value;

for each of the micro-images, said one of said at least one
pixel of the first image zone whose pixel value is
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associated with the first image pixel value is a first
image pixel, and said one of said at least one pixel of
the second image zone whose pixel value is associated
with the second image pixel value is a second image
pixel; and
the first image pixel and the second image pixel are
disposed at symmetrical positions with respect to an
imaginary central line of the first image zone and the
second image zone.
7. The method according to claim 6, wherein, for each of
the micro-images, the first image pixel is disposed at or
adjacent to an edge of the first image zone, and the second
image pixel is disposed at or adjacent to an edge of the
second image zone, which is symmetrical to the edge of the
first image zone with respect to the imaginary central line.
8. The method according to claim 7, wherein, for each of
the micro-images, the first image pixel is located at or
adjacent to a center of the edge of the first image zone, and
the second image pixel is located at or adjacent to a center
of the edge of the second image zone.
9. The method according to claim 1, wherein each of the
image zones has a plurality of pixels each having a pixel
value, and in step (b), the image pixel value is obtained from
the i image zone by averaging the pixel values of the pixels
of the i” image zone.
10. A light-field camera comprising:
a main lens, a micro-lens array including a plurality of
microlenses, and a light sensing component arranged in
order from an object side to an image side,
said main lens to collect light field information from a
scene,

said micro-lens array to form a plurality of adjacent
micro-images at different positions of said light
sensing component according to the light field infor-
mation collected by said main lens, each of the
micro-images corresponding to a respective one of
said microlenses, and including first to n” image
zones that respectively correspond to first to viewing
angles, where n is an integer and n=2; and

an image processing module including:
an image processing unit to generate a number n of

camera images respectively corresponding to the
first to n™” viewing angles, each of the camera images
being generated by:
obtaining an image pixel value from an i image
zone of each of the micro-images, so as to form
one of the camera images that corresponds to the
i viewing angle, where i is a positive integer and
i=n; and
an image synthesizing unit to combine the camera
images to generate a three-dimensional (3D) image.

11. The light-field camera according to claim 10, wherein,
for each of the image zones, the image pixel value obtained
therefrom is associated with at least one pixel that is
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completely covered by a projection of the corresponding one
of said microlenses onto said light sensing component.

12. The light-field camera according to claim 10, wherein
each of the image zones has at least one pixel each having
a pixel value, and the image pixel value obtained from the
i image zone of each of the micro-images is associated with
the pixel value of one of said at least one pixel of the i
image zone.

13. The light-field camera according to claim 12, wherein
the image pixel value obtained from the i image zone of
each of the micro-images is the pixel value of one of said at
least one pixel of the i image zone.

14. The light-field camera according to claim 12, wherein
each of the image zones has a plurality of said pixels, and the
image pixel value obtained from the i image zone of each
of the micro-images is a weighted value of the pixel value
of one of the pixels of the i image zone, and the pixel
values of the pixels in a vicinity of said one of the pixels of
the i” image zone.

15. The light-field camera according to claim 12, wherein:

n=2, and each of the micro-images includes a first image

zone and a second image zone;

the image pixel value obtained from the first image zone

is a first image pixel value, and the image pixel value
obtained from the second image zone is a second image
pixel value;

for each of the micro-images, said one of said at least one

pixel of the first image zone whose pixel value is
associated with the first image pixel value is a first
image pixel, and said one of said at least one pixel of
the second image zone whose pixel value is associated
with the second image pixel value is a second image
pixel; and

the first image pixel and the second image pixel are

disposed at symmetrical positions with respect to an
imaginary central line of the first image zone and the
second image zone.

16. The light-field camera according to claim 15, wherein,
for each of the micro-images, the first image pixel is
disposed at or adjacent to an edge of the first image zone,
and the second image pixel is disposed at or adjacent to an
edge of the second image zone, which is symmetrical to the
edge of the first image zone with respect to the imaginary
central line.

17. The light-field camera according to claim 16, wherein,
for each of the micro-images, the first image pixel is located
at or adjacent to a center of the edge of the first image zone,
and the second image pixel is located at or adjacent to a
center of the edge of the second image zone.

18. The light-field camera according to claim 10, wherein
each of the image zones has a plurality of pixels each having
a pixel value, and the image pixel value is obtained from the
i image zone by averaging the pixel values of the pixels of
the i image zone.



