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FIG.2

CONTINUE BORDER LINES INTO AN UNKNOWN REGION OF AN
IMAGE FROM A KNOWN BACKGROUND

2 |

DETERMINE SEGMENTS, BASED ON THE CONTINUED BORDERS,
FOR THE UNKNOWN REGION OF THE [MAGE

210

PROPAGATE PIXELS FROM A KNOWN AREA OF THE IMAGE TO
THE UNKNOWN AREA BASED ON THE DETERMINED SEGMENTS
AND CONTINUED BORDERS |

215 ]

(57) Abstract: A method, system, and article to continue border lines into an unknown region of an image from a known back-
ground; determine segments, based on the continued borders, for the unknown region of the image; and propagate pixels from a
known area of the image to the unknown area based on the determined segments and continued borders.
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METHOD OF AND APPARATUS FOR LOCAL OPTIMIZATION TEXTURE
. SYNTHESIS 3-D INPAINTING '
BACKGROUND

The problem of missing image -areas occurs particularly in three dimensional

(3D) processing where one attempts to restore mUItipIe views from a video stereo pair
of images or from one view and pixel depth information. Generating (3D) information
from a stereo image is a significant task in 3-D and other multi-view image processing.
In multi-view images, there may be areas or regions of an irhage that are unknown or
missed. Inpainting techniques may provide a mechanism for filling in the unknown
image area with visually plausible content.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure herein are illustrated by way of example and not

by way of limitation in the accompanying figures. Fdr purposes related to simplicity
and clarity of illustration rather than limitation, ‘aspects illustrated in the figures are not
necessarily drawn to scale. Further, where considered appropriate, reference labels have
been repeated among the figures to indicate corresponding or analogous elements.

FIG. 1is an illustrative depiction of an image including regions of unknown
pixels,-according to some embodiments herein.

FIG. 2isaflow diagram of aprocess, in accdrdance with one embodiment.

FIGS. 3A-C depict an image at different stages of refinement, in accordance with
one embodiment.

FIG. 4 illustrates a depiction of aternative image patches, in accordance with an

‘embodiment.

FIG. 5 depicts aspects for calculating parameters herein, in accordance with an
embodfment.

FIG. 6 illustrates a depiction of the image of FIG. 1 after being processed in
accordance with the .methods herein.

FIG. 7 illustrates a block diagram of an image processing system that may
generate disparity maps in accordance with some embodiments herein.

DETAILED DESCRIPTION

The following description describes an image processor device or system that

may support processes and operation to improve effici‘ency and accuracy of generating

SUBSTITUTE SHEET (RULE 26)
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disparity maps. The disclosure herein provides numerous specific details such
regarding a system for implementing the processes and operations. However, it will be
appreciated by one skilled in the art(s) related hereto that embodiments of the present
disclosure . may be practiced without such specific details. Thus, in some instances
aspects such as control mechanisms and full software instruction sequences have not
been shown in detail in order not to obscure other aspects of the present disclosure.
Those of ordinary skill in the art will be able to implement appropriate functionality
without undUe experimentati on given the included descriptions herein. _
References in the specification to "one embodiment”, "some embodiments’, "an
embodiment”, "an example'e'mbodiment", "an instance", "some instances' indicate that
the embodiment described may include a particular featLjre, structure, or characteristic,

“but that every embodiment may not necessarily include the particular feature, structure,

or characteristic. Moreover, such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, structure, or characteristic is described
in connection with an embodiment, it is submitted that it is within the knowledge of

one skilled in the art to affect such feature, structure, or characteristic in connection

with other embodiments whether or not explicitly described.

Some embodiments herein may be impl emented in hardware, firmware, software,
or any combinations thereof. Embodiments may also be impleme'nted‘ as executable
instructions stored on a machine-readable medium that may be read and executed by

~one or more processors. A machine-readable storage medium may include any tangible
_ non-transitory mechanism for storing information in a form readable by a machine

(e.g., a computing device). In some aspects, a machine-readable storage medium may

include read only memory (ROM); random access memory (RAM); magnetic disk

storage media; optical storage media; flash memory devices; and electrical and optical
forms of signals. While firmware, software, routines, and instructions may be described
herein as performing certain actions, it should be appreciated that such descriptions are
merely for convenience and that such actions are in féct result from computing devices,
processors, controllers, and other devices executing the firmware, software, routines,
and instructions. v

We provide the 3D inpainting algorithm especiallyifor the case of 3D multiview-
problem. This implies that there exists the information about pixels depth which was

SUBSTITUTE SHEET (RULE 26)
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3
obtained by analysis of stereophonic video stream.
In some embodiments herein, for each missed area or region of an image, (1) a
determination is made regarding the which side of the missed area belongs to
background of the image and which side belongs to an object of the image and the |

border(s) information is continued into the missed area from adjoining back-ground;‘ 2

the continued borders are used to generate segments in missed area; and (3) the

‘segments configuration and the borders information is used to fill missed area. These

steps are depicted in the flow diagram of FIG. 2.

FIG. 2 illustrates a process 200 that includes a border(s) continuation operation at
205, a preferable patches definition operation at 210, and a local optimum 3D
inpai nting by structure propagation operation at 215. Each of these operations will be
discussed in greater detail hereinbelow. ,

As used herein, to the input image of hxw dimensions as image /. Each pixel of

the image consists of three color components (x, x4xs) and has the coordinates (xf,x,,) in

“the image. Each pixel ¥ € ! has acharacteristic function of:

0,x is unknown
1, xi5 known

ulx) = [

Herein, we may assume that for known pixels there exists information about pixel
segments and pixel depth, refer to here as s(x) and d(x), respectively. In one
embodiment, a larger value of d(x) means that the pixel is closer to the viewer as
compared to apixel with asmaller d(x) value.

Without any loss of generdity, herein it is assumed that the missed area

Q=& =/ul) =0} has one connectivity component. The border of Q is defined as
dQ  Examples of an image missed area are provided in Fig. 1at 110. The known part
of the image is defined as®, part of which isillustrated at 105 of FIG. 1.

In some embodiments, the set of the eight closest points to a given point X € { is
defined as B(x). Also, the border characteristic function for known pixels x € I\Q2 s

defined as:

3v € BU): 1) = 1,500 # s(x)
" O, otherwise

aw={
This function marks the pixels in known area that belongs to the segments border,

Typical border information is illustrated in FIGS. 3A-C.

Referring to the borders continuation operation 205 of process 200, the borders

SUBSTITUTE SHEET (RULE 26)
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continuation technique _produces an approximation of direct border lines into an
unknown area. |

For each point *€Q embodiments herein define two congruent points
Ix,rx e dQ . These points lie on the séme image line as x, but belong to the border of
the missed area as shown, for example, in Fig. 1at 110. One candidate for continuation
is selected by choosing the point with minimum depthas represented by:

z=ag min d@).

yelirar]

The above definition of the point z means that for each missed area there exist
two adjacent known sides. One side belongs to some object that is closest to the viewer
in this Iocél area. The second side belongs to far objects or background (e.g., 115 in
FIG. 1). '

The point Zis continued if the known border point in B(2) exists. If such a point,
such as v, exists then a process to continue the border of segment s(v) into missed area
is initiated. | |
' First, a set of consequent points © = IV,\i.Vk,-350) = sl xiv) =1 Vi are
generated. This set corresponds to the line that will be continued. Here, the number of
points in the line is greater than some threshold To. ‘

For set @ a caculation of the Iinear‘ approximation .is made by solving the

minimization problem:

E©@,a.B) =Siwv € 0% Livit - (avypw + B)I72 — min (o, 6).
The solution pair K@]”,5%) could be found by use of mean squared errors

E@a",87) -
method. If the value &) ' then don't proceed with this curve, since it is

detected not to be aline.

All pointsy € Q which coordinates correspond to the equality

Vu = [@'V + B7]

where [] defines rounding to the closest integer, are marked as a border.

The border conti nuation procedure is applied for al points in 82 _ In this
manner, the range of values for the function J @ may be expanded on unknown area.

Herein, we define around border factor by:

e X(V)

1) = =0

SUBSTITUTE SHEET (RULE 26)
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Example of an illustrative borders continuation operation is shown in FIGS. 3A-
C. FIG. 3A shows an image to be inpainted with the missing areas depicted at 305.
FIG. 3B illustrates borders information for the known area and FIG. 3C depicts borders .
information continued into the missed area. |

Referring to the borders continuation operation 210 of process 200, the preferable
patches definition operation uses the continued borders information of operation 205. .
According to the continued borders determined at operation 205, segments are defined
that are preferable for a given pixel in the missed area. |

In some embodiments, each bordered area Y in amissed region has three possible
alternatives (see FIG. 4). The three alternatives include:

All adjacent areas are mi%d.

There exist known segments that are adjacent to Y, but these segments belong to a
close or near object of the image. o

There exist known segments that are adjacent to Y and they belong to far or
background object(s).

In the first and second cases above, the list of preferable segments to copy for the
missed region is empty. In the third case, the list of preferable patches includes the
patches having centers belonging to the adjacent éegments. Thus, the preferable patches
will be those patches that satisfy condition (3). v

Referring back to the local optimum 3D by structure propagation 215 of process
200, it isnoted that a general idea of image 3D inpainting by structure propagation rests
in the consequent excess of @2 pixels in some order and for each of them finding some
"good" block (i.e., patch) in the known area that will fill the area near the unknown
pixels.

Here, we define Y, x €1 | aquadratic pixels block of size NxN with center at x.
As shown in equation [1] below, the processes herein may calculate the following
confidence ahd dataterms for al border points 52 .

In some embodiments, the confidence term is given by

E}'E‘V(’f)m’i C(}'}
G T
where €(v) =1,y e}, nd

the dataterm is calculated as

SUBSTITUTE SHEET (RULE 26)
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Ivizn.l
y
where Vi3 is isophote vector (the vector orthogonal to the image gradient in the

D) =

point x), N, is the normal vector to .the contour of ! in the point X,y = 255. An
illustrative depiction of these defined relationships is graphicaly illustrated in FIG. 5.

5 Also, the depth term iscalculated for bound pixels as:
) = Srevenn?0)
‘ Wiy n O

Further, the process calculates the priority function for the pixels from 8Q as

Pcr) = ¢ x(x) + G.lx) + ¢ ,.CC) Q).

where ci,cz,c2 are some real constant values. The order < on border points may

10 now be calculated. According to this order,

X? Ve dfo <deEdv dixi = di), plx) > P).

At each'step of 3D inpainting agorithm herein, the process chooses the point
from 30 that is the first in the stated order. For a given point, the process finds the
patch ¥(~) that delivers the minimum to the following function: '

p(WO, W) = cycs Z [, - £)2 4 (m, - £) + 0 - &,2?].

newleInd,
15 Few(p)

where the coefficients c4 and cg are defined in the following way.

{1 3% e¥tdp, €Y@Xy(e) = xpo) =1
Ce = il, vxg e Wlxo),pe € W) x{xa) = y{pe) = 0.

Ta» 1, otherwise
. = (1, if the list of preferable patches isempty for Xor it contains W(g)
S | v Ty > 1, otherwise
20 The patch ¥(®) is copied inthe ©  for all points belong to ®  MQ . The border

dQ s updated and the process continued until #Q is not empty.

FIG. 6 isanillustrative depiction of the image introduced in FIGS. 3A-C &fter the
image 600 has been processed - in accordance with the inpainting process disclosed
herein. As seen, the border areas between the arm and hand of the person in the image.

25  isclearly defined.

In some embodiments hefein, information concerning principal borders structure

and depth is used in the inpainting process. The use of such information is beneficial

and offers advantages to the disclosed processes.

SUBSTITUTE SHEET (RULE 26)
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For example, the information about gradient value of pixels near d} in equation
(1) shows whether some border touches 9Q at a point (Fig. 5, point 515). FIG. 5 aso
shows an image | including a near object 505, an unknown region 510 (Q), and the
bofdef dQ (520) related to point 515. But, this inforrhation makes no distinction
between global structures of objects (refer to herein as borders) and texture

components. Thus, processes herein extend. the global structure information first. For

this purpose, processes herein continue borders first to determine the most significant

“parts of the missed area.

In some aspects, if a mistake is made in the borders continuation stage of the
inpainting process, there may be an opportunity to correct it at the missed region filling
stage. In this ménner, the present disclosure may provide advantages in contrast to
other techniques.

According to the specificity of missed areas location (near the closed-view
objects), the processes herein may need to fill the regions with either background or
distant-view objects. To obtain this effect, methods herein may use the known depth
information in the order of pixels processing definition. It is noted that some previous
works in this area addressed this effect by using depth in difference calculations
between patches. In contrast, the approach herein is advantageous because depth is
usually not precisely calculated. Thus, on the one hand we can trust to the information
that one pixel isrelatively closer than another and on the other hand we cannot trust the
given pixel depth since it isonly an approximation.

FIG. 7 is a block diagram overview of a S/SthT] or apparatus 700 according to

-some embodiments. System 700 may be, for example, associated with any device to

implement the methods and processes described herein, including for exarhple client

~devices and a server of a business service provider that provisions software products.

System 700 comprises a processor 705, such as one or more commercially available
Central Processing Units (CPUs) in the form of one-chip mibroprocessors or a multi-
core processor, coupled to a communication device 715 configured to communicate via
a communication network (not shown in FIG. 7) to another device or system. In the
instance system 700 comprises an application server, communication device 715 may
provide a means for system 700 to interface with a client device. System 700 may also

include a local memory 710, such as RAM memory modules. The system 700 further

SUBSTITUTE SHEET (RULE 26)
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8.

inéludeﬁ an input device 720 (e.g., a touch screen, mouse and/or keyboard to enter
content) and an output device 725 (e.g., a computer monitor to display a user interface
element).

Processor 705 communicates with a storage device 730. Storage device 730 may
comprise any appropriate information storage device, including combinations of
magnetic storage devices (e.g., a hard disk drive), optical storage devices, and/or
semiconductor memory devices. In some embodiments, storage device may comprise a
database system. |

Storage device 730 stores a program code 735 that may provide computer
executable instructions for processing requests from, for example, client devices in
accordance with processes herein. Processor 705 may perform the instructions of the
program 735 to thereby operate in accordance with any of the embodiments described
herein. Program code 735 may be stored in a compressed, uncompiled and/or encrypted
format. Program code 735 may furthermore include other program elements, such as an
operating system, a database management system, and/or device drivers used by the
processor 705 to interface with, for example, peripheral devices. Storage device 730
may also include data 745. Data 745, in conjunction with inpainting engine 740, may
be used by system 700, in' some aspects, in performing the processes herein, such as
process 200.

- All systems and processes discussed herein may be embodied in program code
stored on one or more computer-readable media. Such media may include, for example,
afloppy disk, a CD-ROM, a DVD-ROM, one or more types of "discs’, magnetic tape,
a memory card, a flash drive, a solid state drive, and solid state Random Access
Memory (RAM) or Read Only Memory (ROM) storage units. Embodiments are
therefore not limited to any specific combination of hardware and software.

Embodiments have been described herein solely for the purpose of illustration.
Persons skilled in the art will recognize from this description that embodiments are not
limited to those described, but may be practiced with modifications and alterations
limited only by the spirit and scope of the appended claims.
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CLAIMS

1. A computer-implemented 'method, the method_corhprising:

continuing Vborder lines into an unknown region of an image from a known
background,; '

determining segments, based on the continued borders, for the unknown region of
the image; and '

propagating pixels from a known area of the.image to the unknown area based on
the determined segments and continued borders.

2. The method of clam 1, further comprising determining a border between the

-known region of the image and the unknown region of the image.

3. The method of clam 1, wherein the continuing of the border lines into the
unknown region of the image generates an approximation of direct border lines into the
unknown region. |

4. The method of claim 1, wherein the determining of the segments is based on a
determination of a classification for the unknown region. |

5. The method of claim 1, wherein the classifications for the unkhown region
comprises:

aclassification where al adjacent areas are missed, ‘

a classification where there exist known segments that are adjacent to the region
but these segments belong to a near object of the image; and |

a classification where there exist known segments that are adjacent to the region
and they belong to abackground object(s). '

6. A system, the systém comprises.

a machine readable medium having processor executable instructions stored

thereon; and

aprocessor to execute the instructions to:
_ continue border Iines.into an unknown region of én\'image from a known
background,;

determine segments, based on the continued borders, for the unknown region of
the image; and

propagate pixels from a known area of the image to the unknown area based on

the determined segments and continued borders.
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7. The system of clam 6, further compriSing determining a border between the
known region of the image and the unknown region of the image.

8. The system of claim 6, wherein the continuing of the border lines into the
unknown region of the image generates an approximation of direct border lines into the
unknown region. |

9. The system of claim 6 wherein the determining of the segments is based on a
determination of a classification for the unknown region. '

10. The system of claim 6, wherein the classifications for the unknown region
comprises:

aclassification where all adjacent areas are missed;

a classification where there exist known segments that are adjacent to the region

~ but these segments belong to anear object of the image; and

a classification where there exist known segments that are adjacent to the region
and they belong to abackground object(s).
' 11. A system, the system comprises:

amemory; ’

a machine readable médium having processor executable instructions stored
thereon; and |

aprocessor to execute to instructions to:

‘continue border lines into an unknown region of an image from a known
background;

determine segments, based on the continued borders, for the unknown region of

- the image; and

propagate pixels from a known area of the image to the unknown area based on -
the determined segments and continued borders.

12. The system of claim 11, further comprising determining a border between the
known region of the image and the unknown region of the image.

13. The system of clam 11, wherein the continuing of the border lines into the
unknown region of the image generates an approximation of direct-border lines into the
unknown region.

14. The system of claim 11, wherein the determining of the segments is based on

adetermination of aclassification for the unknown region.
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15. The system of claim 11, wherein the classifications for the unknown region
comprises. |

aclassification where all adjacent areas are missed;

a classification where there exist known segments that are adjacent to the region
but these segments belong to anear object of the image; and |

a classification where there exist known segments that are adjacent to the region
and they belong to a background object(s). '

16. An article of manufacture, the article comprising:

a computer readable medium having program instructions stored thereon which,
when executed by aprocessor, cause the processor to:

continue border lines into an unknoWn region of an image from a known
background,;

determine segments, based on the continued borders, for the unknown region of
the image; and

propagate pixels from a known area of the image to the unknown area based on
the determihed segments and continued borders. | v

17. The article of clam 16, further comprising determining a border between the
known region of the image and the unknown region of the image. /

18. The article of clam 16, wherein the continuing of the border lines into fhe
unknown region of the image generates an approximation of direct border lines into the
unknown region.

19. The article of claim 16, wherein the determining of the segments is based on a
determination of a classification for the unknown région.

20. The article of claim 16, wherein the classifications for the unknown region
comprises: '

aclassification Where all adjacent areas are missed;

a classification where there exist known segments that are adjacent to the region
but these segments belong to a near object of the image; and

a classification where there exist known segments that are adjacent to the region

and they belong to a background object(s).
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