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FIG 6 
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IMAGE PROCESSINGAPPARATUS AND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/382,747 filed Mar. 23, 2009, which 
claims the benefit of Korean Patent Application No. 10-2008 
0.099799, filed on Oct. 10, 2008, in the Korean Intellectual 
Property Office, the disclosure of which is incorporated 
herein by reference. 

BACKGROUND 

0002 1. Field 
0003. Example embodiments relate to a virtual three-di 
mensional (3D) display, and more particularly, to an appara 
tus and method which stores color information of a disocclu 
sion region based on a viewpoint in a multi-view display. 
0004 2. Description of the Related Art 
0005. A virtual three-dimensional (3D) display provides 
different images to left and right eyes of a human, and thereby 
may provide a 3D effect. Here, the different images may 
indicate images from different viewpoints. In a stereoscopic 
method, a virtual 3D display may provide two different 
images, that is, one image for a left eye and another image for 
a right eye. In a 3D multi-view, a plurality of images different 
from each other may be provided depending on a viewing 
angle with a display. 
0006. Also, inputted color information and depth informa 
tion of a particular frame may be used to render a 3D multi 
view image. In this instance, a disocclusion phenomenon is to 
be overcome. The depth information may include informa 
tion about an object with a relatively significant disparity and 
information about a background with a relatively insignifi 
cant disparity. When rendering is performed at a plurality of 
viewpoints for the 3D multi-view, a disocclusion region hav 
ing no color information may be generated in a region having 
a large Viewing angle. 
0007. A technology to overcome a disocclusion region is 
required due to the development of a multi-view display. 

SUMMARY 

0008 Example embodiments may provide an image pro 
cessing apparatus and method which effectively predicts a 
disocclusion region and generates color information. 
0009 Example embodiments may also provide an image 
processing apparatus and method which efficiently obtains 
color information of a disocclusion region from color infor 
mation of at least one frame of a video. 
0010. According to example embodiments, there may be 
provided an image processing apparatus, including a calcu 
lation unit to determine a disocclusion region of a first frame 
ofa Video, and a processing unit to generate color information 
of the disocclusion region of the first frame using color infor 
mation associated with a second frame of the video. 
0011. The calculation unit may determine the disocclu 
sion region of the first frame based on a difference between a 
disparity of a background area of the first frame and a dispar 
ity of an object area of the first frame. In this instance, the 
disparities may be calculated using depth information asso 
ciated with the first frame. 
0012. The calculation unit may determine a boundary 
between the object area and the background area of the first 
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frame, and determine a band with a first width around the 
boundary as the disocclusion region of the first frame. In this 
instance, the first width may be in proportion to the difference 
between the disparity of the background area of the first frame 
and the disparity of the object area of the first frame. 
0013 At least one of the disparity of the background area 
of the first frame and the disparity of the object area of the first 
frame may be calculated between a viewpoint having a maxi 
mum viewing angle and a viewpoint having a minimum view 
ing angle from among a plurality of viewpoints associated 
with a multi-view image to be rendered based on the first 
frame. 
0014. The processing unit may determine a first block 
around the disocclusion region of the first frame, determine a 
first characteristic value of an area corresponding to the first 
block within at least one frame of the video, and determine the 
second frame based on the first characteristic value. 
0015 The processing unit may determine, as candidate 
frames of the second frame, a frame where the first charac 
teristic value is less than a first threshold value from among 
the at least one frame of the video, generate color information 
of the disocclusion region around the first block with respect 
to the candidate frames of the second frame, and determine a 
frame which generates the greatest amount of color informa 
tion of the disocclusion region around the first block, as the 
second frame. The processing unit may compare the first 
characteristic value of each of the candidate frames of the 
second frame to determine the second frame. 
0016. The processing unit may obtain color information 
associated with pixels having a depth value difference with 
pixels of the background area of the first frame from among 
pixels around the area corresponding to the first block within 
the candidate frames of the second frame, determine the color 
information of the disocclusion region around the first block, 
and determine the frame which generates the greatest amount 
of color information of the disocclusion region around the 
first block, as the second frame. In this instance, the depth 
value difference may be less than a second threshold value. 
0017. The processing unit may copy color information of 
an area around the area corresponding to the first block within 
the second frame to generate the color information of the 
disocclusion region of the first frame. In this instance, the 
processing unit may copy the color information of the area 
around the area corresponding to the first block within the 
second frame, change a location of the first block in the first 
frame, and copy color information of an area around an area 
corresponding to the changed first block within the second 
frame to generate the color information of the disocclusion 
region of the first frame. 
0018. The image processing apparatus may further 
include a rendering unit to render a multi-view image based 
on color information associated with the first frame, depth 
information associated with the first frame, the color infor 
mation of the disocclusion region of the first frame. 
0019. According to example embodiments, there may be 
provided an image processing apparatus, including a calcu 
lation unit to determine a disocclusion region of a first frame 
ofa Video, and a processing unit to generate color information 
of the disocclusion region of the first frame using any one of 
color information associated with a second frame of the video 
and color information associated with the first frame of the 
video. 
0020. According to example embodiments, there may be 
provided an image processing method, including, determin 
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ing a disocclusion region of a first frame of a video, and 
generating color information of the disocclusion region of the 
first frame using color information associated with a second 
frame of the video. 
0021. The generating may determine a first block around 
the disocclusion region of the first frame, determine a first 
characteristic value of an area corresponding to the first block 
within at least one frame of the video, and determine the 
second frame based on the first characteristic value. 
0022. Additional aspects, features, and/or advantages of 
example embodiments will be set forth in part in the descrip 
tion which follows and, in part, will be apparent from the 
description, or may be learned by practice of the disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 These and/or other aspects, and advantages of 
example embodiments will become apparent and more 
readily appreciated from the following description, taken in 
conjunction with the accompanying drawings of which: 
0024 FIG. 1 illustrates a conceptual diagram of an image 
processing apparatus according to example embodiments; 
0025 FIG. 2 illustrates color information and depth infor 
mation of a first frame according to example embodiments; 
0026 FIG.3 illustrates disocclusion regions to be restored 
by an image processing apparatus according to example 
embodiments; 
0027 FIG. 4 illustrates an image processing apparatus 
according to example embodiments; 
0028 FIG. 5 illustrates a method of obtaining a disparity 
of a first frame, for example, the first frame of FIG. 1; 
0029 FIG. 6 illustrates disocclusion regions of a first 
frame, for example, the first frame of FIG. 2; 
0030 FIG. 7 illustrates a first block to generate color infor 
mation of a disocclusion region, for example, the disocclu 
sion region of FIG. 6; 
0031 FIG. 8 illustrates a method of generating color infor 
mation of a disocclusion region of a first frame in a processing 
unit, for example, the processing unit of FIG. 4; 
0032 FIG. 9 illustrates color information of disocclusion 
regions of a first frame according to example embodiments; 
and 
0033 FIG. 10 illustrates multi-view images provided by 
animage processing apparatus according to example embodi 
mentS. 

DETAILED DESCRIPTION 

0034 Reference will now be made in detail to example 
embodiments, examples of which are illustrated in the 
accompanying drawings, wherein like reference numerals 
refer to the like elements throughout. Example embodiments 
are described below to explain the present disclosure by refer 
ring to the figures. 
0035 FIG. 1 illustrates an image processing apparatus 100 
according to example embodiments. 
0036) A frame 110 is an i" frame of a video for three 
dimensional (3D) rendering. Here, i may be a natural number, 
and a plurality of frames may be provided through the video. 
The image processing apparatus 100 may generate color 
information of a disocclusion region of the frame 110. Here 
inafter, the frame 110 is referred to as a first frame 110. 
0037 Color information 111 may indicate a color value 
such as a Red, Green and Blue (RGB) value, associated with 
the first frame 110. Depth information 112 may include a 
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depth value of pixels associated with the first frame 110. A 
rendering unit 120 may match the depth information 112 with 
the color information 111. 
0038 A multi-view screen (or a display panel) 130 may 
provide different images to a plurality of viewpoints by 
refracting multi-view images provided from the rendering 
unit 120. The multi-view screen 130 may include a lenticular 
lens. 
0039. An image 141 may be observed at a first viewpoint. 
The first viewpoint may have a maximum viewing angle from 
among the plurality of viewpoints in a leftmost side. 
0040. An image 142 may be observed at a viewpoint hav 
ing a minimum viewing angle with the multi-view screen 130 
from among the plurality of viewpoints. Accordingly, the 
image 142 may be in an orthogonal direction to the multi 
view screen 130. 
I0041) An image 143 may be observed at a k" viewpoint. 
The k" viewpoint may have a maximum viewing angle from 
among the plurality of viewpoints in a rightmost side. k may 
be associated with a specification of the multi-view screen 
130, and be a total number of the plurality of viewpoints. For 
example, when the multi-view screen 130 has nine-view char 
acteristics, k may be nine. 
0042. However, a first disocclusion region which is ren 
dered as black may be shown in the image 141. The first 
disocclusion region may be generated since color information 
of a portion of a background does not exist in a left side of a 
die which is an object. 
0043. A second disocclusion region which is rendered as 
black may be shown in the image 143. The second disocclu 
sion region may be generated since color information of a 
portion of the background does not exist in a right side of the 
object. A disocclusion region is not shown in the image 142. 
0044) When k multi-view images are provided and two 
images neighboring each other are provided to both eyes of an 
observer, k-1 3D images may be provided. In this instance, 
the k-1 3D images may be different from each other. Also, a 
left image of the two images may be provided to a left eye and 
a right image of the two images may be provided to a right 
eye. Accordingly, the observer may recognize the object as a 
3D object, and experience an effect as though the observer 
looks around the object may be obtained. 
0045. According to example embodiments, the image pro 
cessing apparatus 100 may be provided with the color infor 
mation 111 and the depth information 112 of the first frame 
110, and color information of frames excluding the first frame 
110, and thereby may generate color information of the dis 
occlusion region of the first frame 110, and provide the color 
information to the rendering unit 120. 
0046 According to example embodiments, the image pro 
cessing apparatus 100 may generate the color information of 
the disocclusion region of the first frame 110 based on color 
information of a second frame from among the frames 
excluding the first frame 110. However, the image processing 
apparatus 100 may not be limited to the above-described 
embodiment, and may also generate a portion of the color 
information of the disocclusion region of the first frame 110 
based on the color information 111 of the first frame 110. 
0047. The rendering unit 120 may generatek (multi-view) 
images using the color information 111 and the depth infor 
mation 112 of the first frame 110, and the color information of 
the disocclusion region of the first frame 110. 
0048. An image 151 generated by the image processing 
apparatus 100 may be provided to the first viewpoint. The 
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image 151 may correspond to the image 141, and have color 
information of the first disocclusion region of the image 141. 
0049. An image 153 generated by the image processing 
apparatus 100 may be provided to the k" viewpoint. The 
image 153 may correspond to the image 143, and may have 
color information corresponding to the second disocclusion 
region of the image 143. 
0050. The image processing apparatus 100 and method is 
described in greater detail with reference to FIG. 2 through 
FIG 10. 

0051 FIG. 2 illustrates color information and depth infor 
mation of a first frame according to example embodiments. 
0052 Color information 210 may correspond to the color 
information 111 of FIG.1. A region 211 may correspond to 
the disocclusion region of the image 141. The region 211 may 
be occluded by the object at a viewpoint of FIG. 2. Also, a 
region 212 may correspond to the disocclusion region of the 
image 143. Although the region 212 may be occluded by the 
object at the viewpoint of FIG. 2, the region 212 may be 
shown depending on a viewpoint where rendering is per 
formed. Accordingly, the region 212 requires color informa 
tion. 

0053 Depth information 220 may indicate a distance from 
the multi-view screen 130. An object area 221 may have a 
great depth value, and thus the object area 221 is bright. A 
background area 222 may have a small depth value, and thus 
the background area 222 is dark. The depth values are 
included in the depth information 220. Although the depth 
information 220 is simply illustrated for convenience of 
description, the depth information 220 may generally include 
a number of levels (or a gradient). 
0054 FIG.3 illustrates disocclusion regions to be restored 
by an image processing apparatus according to example 
embodiments. 
0055 An image 310 may correspond to the image 141 of 
FIG.1. As described above, when comparing to other images 
320, 330, 340, 350, and 360, the image 310 may have a 
disocclusion region 311 with a greatest size in a left side of the 
object. An image 320 may correspond to the image provided 
at a second viewpoint, wherein the second viewpoint may be 
one of the multiple viewpoints illustrated in FIG. 1. The 
second viewpoint may have a large viewing angle in a second 
left side of the object. The image 320 may have a disocclusion 
region 321 smaller than the disocclusion region 311 of the 
image 310. Similarly, an image 330 may correspond to a 
fourth viewpoint, wherein the fourth viewpoint may be one of 
the multiple viewpoints in FIG. 1, and have a disocclusion 
region 331 smaller than the disocclusion region 321. 
0056. Also, when the total number of viewsk, is nine, and 
when a viewing angle is the Smallest, an image 340 may 
correspond to the image 142 of FIG. 1, and a disocclusion 
region is not generated in the image 340. 
0057. When a viewpoint moves to the left side of the 
object, an image 350 and then another image 360 may be 
observed. A disocclusion region 351 exists in a right side of 
the object in the image 350, and a disocclusion region 361 
with a maximum size exists in the right side of the object in 
the other image 360. 
0058. The image processing apparatus 100 may determine 
the disocclusion region 311 and the disocclusion region 361, 
and generate color information. 
0059 FIG. 4 illustrates an image processing apparatus 400 
according to example embodiments. 
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0060 A calculation unit 410 may calculate a difference 
between a disparity of an object area and a disparity of a 
background area at a plurality of viewpoints of a first frame, 
and thereby may determine a disocclusion region of the first 
frame. 

0061 According to example embodiments, the calcula 
tion unit 410 may receive depth information of the first frame. 
Also, the calculation unit 410 may determine a boundary 
between the object area and the background area based on a 
depth value of each area and/or a disparity. The depth value 
may be included in the depth information, and the disparity 
may be calculated at an arbitrary viewpoint. Also, the calcu 
lation unit 410 may determine the disocclusion region of the 
first frame around the boundary, which is described in greater 
detail with reference to FIG. 5. 

0062. A processing unit 420 may receive information 
about the disocclusion region of the first frame from the 
calculation unit 410, and determine a first block around the 
disocclusion region. The first block may be used to retrieve a 
reference frame for generating color information of a disoc 
clusion region, for example, the disocclusion region 610 of 
FIG. 6. 

0063. The processing unit 420 may receive color informa 
tion associated with a plurality of frames. Also, the process 
ing unit 420 may retrieve an area corresponding to the first 
block in each of the plurality of frames. The area may be 
matched with the first block due to similar color values. 

0064. According to example embodiments, the processing 
unit 420 may calculate a first characteristic value. The first 
characteristic value may be a Sum of Squared Difference 
(SSD), and be calculated based on a color value of a prede 
termined block. As an SSD between predetermined areas of 
two frames decreases, the predetermined areas may approach 
a same color value. 

0065. Also, the processing unit 420 may compare the first 
characteristic value of each of the plurality of frames to a first 
threshold value, and determine a frame where the first char 
acteristic value is less than the first threshold value as a 
candidate frame of a second frame. The second frame may be 
a reference frame, and a plurality of candidate frames of the 
second frame may exist. 
0066 According to example embodiments, the processing 
unit 420 may determine, as the second frame, a frame which 
may provide the greatest amount of color information of a 
right area of an area corresponding to the first block from 
among the candidate frames of the second frame. In this 
instance, when other conditions are the same, a frame having 
a smaller SSD may be determined as the second frame. In this 
instance, the SSD may be an SSD between predetermined 
areas of the first frame and the second frame. 

0067. According to example embodiments, when a regular 
repetition is shown in color information of the background 
area of the first frame according to a characteristic of a tex 
ture, the processing unit 420 may generate color information 
of at least a portion of the disocclusion region of the first 
frame. 

0068 According to example embodiments, the image pro 
cessing apparatus 400 may further include a rendering unit 
430. The rendering unit 430 may be provided with color 
information and depth information associated with the first 
frame, and color information of the disocclusion region of the 
first frame, and thereby may provide a multi-view color image 
through a multi-view screen 130. 
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0069 FIG. 5 illustrates a method of obtaining a disparity 
of a first frame, for example the first frame 110 of FIG. 1. 
0070 A disparity 521, represented in Equation 1 below as 
d, may indicate a difference of locations where a point 511 is 
projected to a screen 520 when a left eye 531 and a right eye 
532 look at the point 511. Since a distance, E,533 between the 
left eye 531 and the right eye 532 is limited, the disparity 521 
may increase, as a distance D between the screen 520 and the 
line 510 containing the point 511 is greater than a distance V 
between the screen 520 and a line 530 containing the point 
locations of the left eye 531 and the right eye 532. That is, as 
an object is far from the left eye 531 and the right eye 532, the 
disparity 521 may decrease. Also, as the object is close to the 
left eye 531 and the right eye 532, the disparity 521 may 
increase. The disparity 521 may be calculated by, for 
example, Equation 1, shown below. 

D X E Equation 1 
D -- V 

0071. According to example embodiments, the calcula 
tion unit 410 (FIG. 4) may calculate a difference between a 
disparity of a background area and a disparity of an object 
area at the first viewpoint and a fifth viewpoint, in selecting 
for example, two of the multiple viewpoints illustrated in 
FIG. 1, and thereby may determine a disocclusion region in a 
left side of the object. In this instance, the first viewpoint may 
have a maximum viewing angle and the fifth viewpoint may 
be a viewpoint whenk is nine. Also, the disparity of the object 
area may be relatively significant, and the disparity of the 
background area may be relatively insignificant. 
0072 Also, the calculation unit 410 (FIG. 4) may calculate 
a difference between a disparity of the background area and a 
disparity of the object area at the fifth viewpoint and a ninth 
viewpoint, in selecting for example, two of the multiple view 
points illustrated in FIG. 1, and thereby may determine a 
disocclusion region in a right side of the object. In this 
instance, the fifth viewpoint and the ninth viewpoint may be 
viewpoints when k is nine. 
0073. According to example embodiments, and referring 
again to FIGS. 1, 2, and 4, the calculation unit 410 may 
receive the depth information 112 of the first frame 110. Also, 
the calculation unit 410 may determine a boundary between 
the object area 221 and the background area 222 based on a 
depth value and/or a disparity. In this instance, the depth value 
may be included in the depth information 112 and the dispar 
ity may be calculated at an arbitrary viewpoint. Also, the 
calculation unit 410 may determine disocclusion regions 211 
and 212 of the first frame 110 around the boundary. In this 
instance, a plurality of boundaries may exist. 
0074 According to example embodiments, the calcula 
tion unit 410 may extract a vertical boundary from the bound 
aries. When the number of the extracted vertical boundaries is 
more than one, the calculation unit 410 may select a vertical 
boundary in a left half plane of the first frame 110. Then, the 
calculation unit 410 may determine a band to the right of the 
selected vertical boundary. The band may have a first width, 
and the region including the band may be determined as the 
left disocclusion region 211. Also, the calculation unit 410 
may select a vertical boundary in a right half plane, and 
determine aband to the left of the selected vertical boundary. 
The band may have the first width and the region including the 
band may be determined as the right disocclusion region 212. 
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0075. The first width may be calculated by, for example, 
Equation 2, shown below. 

k k Equation 2 
D(object) x 2 XE D(background)x 2 XE 

First width= D(object) + V D(background) + V 

0076. Here, a first term of a right side may be the disparity 
of the object area calculated by Equation 1, and a second term 
of the right side may be the disparity of the background area 
calculated by Equation 1. In Equation 2, E may denote a 
distance between viewpoints neighboring to each other from 
among k viewpoints. In this instance, k may denote a number 
of multi-view viewpoints. The number of viewpoints k may 
be divided by two to obtain a difference between a disparity 
between a viewpoint having a maximum viewing angle and a 
viewpoint having a minimum viewing angle. 
0077 According to example embodiments, although the 
band with the first width may be determined as the disocclu 
sion region of the first frame 110 around a selected boundary, 
the image processing apparatus and method may not be lim 
ited to the described example embodiments. Although com 
plexity of computation may increase, a disocclusion region 
may be adaptively determined in each area. 
0078 FIG. 6 illustrates disocclusion regions of a first 
frame, for example, the first frame of FIG. 2. 
(0079 A calculation unit 410 (FIG.4) may determine a left 
disocclusion region 610 and a right disocclusion region 620 in 
a first frame 600. 
0080 According to example embodiments, color informa 
tion of the left disocclusion region 610 and the right disoc 
clusion region 620 may be separately or simultaneously gen 
erated by a processing unit 420 (FIG. 4). Specifically, when in 
disocclusion regions exist, the processing unit 420 (FIG. 4) 
may separately generate the color information of each of the 
left disocclusion region 610 and the right disocclusion region 
620, or simultaneously generate the color information of a 
portion or all disocclusion regions. 
I0081 FIG. 7 illustrates a first block to generate color infor 
mation of a disocclusion region, for example, the disocclu 
sion region 610 of FIG. 6. 
0082. According to example embodiments, the processing 
unit 420 (FIG. 4) may receive information about the disoc 
clusion region 610 of FIG. 6. Also, the processing unit 420 
(FIG. 4) may determine a first block 710 around the disoc 
clusion region 610 (FIG. 6). The first block 710 may be used 
to retrieve a reference frame to generate the color information 
of the disocclusion region 610 (FIG. 6). 
I0083. The processing unit 420 (FIG. 4) may receive color 
information associated with a plurality of frames such as an 
i-nth frame, i-(n+1)" frame, ..., i-1" frame, i' frame, i{-1" 
frame,..., i+n" frame. Also, the processing unit 420 (FIG. 4) 
may retrieve an area corresponding to the first block 710 in 
each of the plurality of frames. In this instance, the area may 
be matched with the first block 710 due to similar color 
values. 
0084. According to example embodiments, the processing 
unit 420 (FIG. 4) may calculate a first characteristic value. 
The first characteristic value may be an SSD, and be calcu 
lated based on a color value of a predetermined block. As an 
SSD between predetermined areas of two frames decreases, 
the areas may approach a same color value. 
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0085 Also, the processing unit 420 (FIG. 4) may compare 
the first characteristic value of each of the plurality of frames 
to a first threshold value, and determinea frame where the first 
characteristic value is less than the first threshold value as a 
candidate frame of a second frame. The second frame may be 
a reference frame, and a plurality of candidate frames of the 
second frame may exist. 
I0086 According to example embodiments, the processing 
unit 420 (FIG. 4) may generate color information of the 
disocclusion region based on a color value of a right area of an 
area corresponding to the first block from among the candi 
date frames of the second frame. However, the color infor 
mation of the disocclusion region may be generated from 
color information of an area corresponding to a background 
area by referring to depth information of each of the plurality 
of frames. In this instance, the depth information of each of 
the plurality of frames may be provided to the processing unit 
420 (FIG. 4), and the processing unit 420 may use the depth 
information. Also, depth values of the first frame and each of 
the candidate frames of the second frame may be compared, 
and color information of only an area where a depth value is 
equal to or less than a second threshold value may be used to 
generate the color information of the disocclusion region. 
0087. Accordingly, when a location of an object may 
change depending on a frame, the disocclusion region may be 
completely shown, and thus a frame having color information 
of the disocclusion region may be determined as the second 
frame. That is, the processing unit 420 (FIG. 4) may deter 
mine, as the second frame, a frame which may provide the 
greatestamount of color information of a right area of the area 
corresponding to the first block from among the candidate 
frames of the second frame. In this instance, when other 
conditions are the same, a frame having a smaller SSD may be 
determined as the second frame. In this instance, the SSD may 
bean SSD between predetermined areas of the first frame and 
the second frame. 
0088 According to example embodiments, when a regular 
repetition is shown in color information of a background area 
of a first frame 700 according to a characteristic of a texture, 
the processing unit 420 (FIG. 4) may generate color informa 
tion of a disocclusion region from the first frame 700. 
I0089. Although a first block 710 is illustrated as an 
example in FIG. 7, embodiments may not be limited to the 
described example embodiments. That is, it would be appre 
ciated by those skilled in the related art that changes may be 
made to these example embodiments. For example, a size and 
location of the first block 710 next to a disocclusion region in 
the first frame 700 may be adapted depending on a frame, 
required quality, characteristics of a video, and the like. 
0090 FIG. 8 illustrates a method of generating color infor 
mation of a disocclusion region of a first frame in a processing 
unit, for example, the processing unit 420 of FIG. 4. 
0091. The method of generating color information of a 
disocclusion region of a first frame may be embodied by the 
processing unit 420 of FIG. 4. 
0092. In operation S810, the processing unit 420 (FIG. 4) 
may determine a first block around the disocclusion region 
based on information about the disocclusion region. In this 
instance, the first block may be the first block 710 of FIG. 7 
and the disocclusion region may be the disocclusion region 
610 of FIG. 6. Also, the processing unit 420 may calculate a 
first characteristic value. For example, the first characteristic 
value may be an SSD between the first frame and ai" frame. 
In this instance, j may be a natural number. As the SSD 
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between predetermined areas of the first frame and the j" 
frame decreases, the first frame and the j" frame may have a 
same color value. 
(0093. In operation S820, the processing unit 420 (FIG. 4) 
may compare a predetermined first threshold value, Th, to the 
first characteristic value of each of a plurality of frames. 
When the first characteristic value is greater than the first 
threshold value, the processing unit 420 (FIG. 4) may ignore 
the j' frame, and return to operation S810 with respect to a 
Subsequent frame. 
0094. If the first characteristic value is less than the first 
threshold value, then the method proceeds to operation S830, 
where the processing unit 420 (FIG. 4) may determine thei" 
frame as a candidate frame of a second frame. In this instance, 
a plurality of candidate frames may exist. 
(0095. In operation S840, the processing unit 420 (FIG. 4) 
may determine whether the j" frame is a last frame to check. 
When the j" frame is not the last frame, the processing unit 
420 (FIG. 4) returns to operation S810, and may perform the 
determining in operation S810, the comparing in operation 
S820, and the determining in operation S830 again. 
(0096. If the j" frame is the last frame, then the method 
proceeds to operation S850, where the processing unit 420 
(FIG. 4) may select the second frame from the candidate 
frames of the second frame. In operation S860, the processing 
unit 420 (FIG. 4) may generate color information of a disoc 
clusion region of the first frame. The selecting in operation 
S850 and the generating in operation S860 has been described 
above with reference to FIG. 7. 
0097. According to example embodiments, the disocclu 
sion region of the first frame may be divided into a plurality of 
disocclusion regions and color information of any one of the 
plurality of the disocclusion regions may be generated in 
operation S810 through operation S860. When the method is 
performed with respect to all the disocclusion regions, color 
information of the entire disocclusion region may be gener 
ated. 
0098. According to example embodiments, when the 
color information of the entire disocclusion regions of the first 
frame is not generated in operation S810 through operation 
S860, color information may be completely generated 
through extrapolation. 
0099 FIG. 9 illustrates color information of disocclusion 
regions 910 and 920 of a first frame 900 according to example 
embodiments. 
0100. The color information of the disocclusion region 
910 in the first frame 900 may correspond to color informa 
tion of the left disocclusion region 610 of FIG. 6. Also, the 
color information of the disocclusion region 920 may be color 
information of the right disocclusion region 620. 
0101 FIG. 10 illustrates multi-view images provided by 
animage processing apparatus according to example embodi 
mentS. 

0102 Referring to FIGS. 1, 4, 9 and 10, the color infor 
mation 910 and 920, generated by the processing unit 410, as 
well as the color information 111 and the depth information 
112 may be provided to the rendering unit 120. In this 
instance, the color information 111 and the depth information 
112 may be associated with the first frame 110 of FIG.1. Also, 
as an example, when k is nine, the rendering unit 120 may 
provide images 1010, 1020, 1030, 1040, 1050, and 1060 at 
nine viewpoints through the multi-view screen 130. 
(0103) The images 1010, 1020, 1030,1040, 1050, and 1060 
may correspond to the images 310,320, 330, 340,350, and 
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360 of FIG. 3, respectively. When comparing each of the 
images 1010, 1020, 1030, 1040, 1050, and 1060, to each of 
the images 310, 320, 330, 340, 350, and 360, it may be 
ascertained that the disocclusion regions 311, 321, 331, 351, 
and 361 are improved. 
0104. The image processing method according to the 
above-described example embodiments may be recorded in 
computer-readable media including program instructions to 
implement various operations embodied by a computer. The 
media may also include, alone or in combination with the 
program instructions, data files, data structures, and the like. 
Examples of computer-readable media include magnetic 
media Such as hard disks, floppy disks, and magnetic tape; 
optical media such as CD ROM disks and DVDs; magneto 
optical media Such as optical disks; and hardware devices that 
are specially configured to store and perform program 
instructions, such as read-only memory (ROM), random 
access memory (RAM), flash memory, etc. Examples of pro 
gram instructions include both machine code. Such as pro 
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duced by a compiler, and files containing higher level code 
that may be executed by the computer using an interpreter. 
The described hardware devices may be configured to act as 
one or more Software modules in order to perform the opera 
tions of the above-described example embodiments, or vice 
WSa. 

0105. Although a few example embodiments have been 
shown and described, it would be appreciated by those skilled 
in the art that changes may be made to these example embodi 
ments without departing from the principles and spirit of the 
disclosure, the scope of which is defined by the claims and 
their equivalents. 
What is claimed is: 
1. An image processing method, comprising: 
generating color information of a disocclusion region of a 

first frame using color information associated with a 
second frame. 


