
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau (10) International Publication Number

(43) International Publication Date WO 2018/070756 Al
19 April 2018 (19.04.2018) W !P O PCT

(51) International Patent Classification: (74) Agent: Y.P.LEE, MOCK & PARTNERS; 12F Daelim
H04N 9/31 (2006.01) Acrotel, 13 Eonju-ro 30-gil, Gangnam-gu, Seoul 06292

(KR).
(21) International Application Number:

PCT/KR2017/01 1125 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date:
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

11 October 2017 ( 11.10.2017)
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(26) Publication Langi English
KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
10-2016-0131388 11 October 2016 ( l l .10.2016) KR PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

SD, SE, SG, SK, SL, SM, ST, SV, SY,TH, TJ, TM, TN, TR,
(71) Applicant: SAMSUNG ELECTRONICS CO., LTD. TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si,
Gyeonggi-do 16677 (KR). (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: LEE, Jin-bong; B-204, 24-13, Gangnam-daero GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

8-gil, Seocho-gu, Seoul 06787 (KR). KIM, Do-wan; UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
505-103, 10, Gokseon-ro, Gwonseon-gu, Suwon-si, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Gyeonggi-do 16666 (KR). JEONG, Jae-yun; 402-502, 61, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Cheongmyeongbuk-ro, Yeongtong-gu, Suwon-si, Gyeong MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
gi-do 16709 (KR). KIM, Yong-gyoo; 101-1201, 24, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Jungdae-ro, Songpa-gu, Seoul 05834 (KR). LEE, Jae- KM, ML, MR, NE, SN, TD, TG).
kyeong; 309-1902, 126, Seongbok 2-ro, Suji-gu, Yongin-si,
Gyeonggi-do 1685 1 (KR). Published:

— with international search report (Art. 21(3))

(54) Title: METHOD, DEVICE AND RECORDING MEDIUM FOR PROCESSING IMAGE

[Fig. 5]

(^START

DETERMINE DISTORTION CORRECTION RATIO OF EACH OF PLURALITY
OF VERTICES INCLUDED IN SOURCE IMAGE, BASED ON INFORMATION - S5
ABOUT LENS THROUGH WHICH SOURCE IMAGE IS PROJECTED AND

WHICH HAS PRESET ANGLE OF VIEW

DETERMINE CORRECTED LOCATION INFORMATION OF PIXELS
LOCATED BETWEEN PLURALITY OF VERTICES, BASED ON — S520

DISTORTION CORRECTION RATIO OF EACH OF PLURALITY OF
VERTICES AND INTERPOLATION RATIOS OF PIXELS

RENDER DISTORTION-CORRECTED IMAGE INCLUDING PIXELS - S530
DETERMINED AS RESULT OF PERFORMING INTERPOLATION ON

PLURALITY OF VERTICES BASED ON CORRECTED LOCATION
INFORMATION

( END )
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Description

Title of Invention: METHOD, DEVICE AND RECORDING

MEDIUM FOR PROCESSING IMAGE

Technical Field
[1] The present disclosure relates to methods of processing an image, devices for

processing an image, and recording media having recorded thereon programs for

executing the methods.

Background Art
[2] Various technologies for displaying images capable of allowing users to experience a

virtual reality (VR) are currently developed. The VR experience technologies may be

implemented using a device such as a head-mounted display (HMD) to allow a user to

experience VR by, for example, distorting an image output through a lens, based on a

view of the user.

[3] When an image output from a VR providing device is projected through a lens,

distortion may occur in a VR image viewed by a user. The distortion may increase

fatigue of the user and thus reduce immersion in the VR experience. As such, research

is being conducted into various image processing techniques for offsetting distortion

due to a lens. However, VR images corrected using the typical image processing

techniques have low image quality.

[4] The above information is presented as background information only to assist with an

understanding of the present disclosure. No determination has been made, and no

assertion is made, as to whether any of the above might be applicable as prior art with

regard to the present disclosure.

Disclosure of Invention

Technical Problem
[5] When an image output from a VR providing device is projected through a lens,

distortion may occur in a VR image viewed by a user. The distortion may increase

fatigue of the user and thus reduce immersion in the VR experience. As such, research

is being conducted into various image processing techniques for offsetting distortion

due to a lens. However, VR images corrected using the typical image processing

techniques have low image quality.

Solution to Problem
[6] A method of processing an image in a device, and the device thereof are provided.

The method includes determining a distortion correction ratio of each of a plurality of

vertices included in a source image, based on information about a lens through which

the source image is projected, determining corrected location information of pixels



located between the plurality of vertices, based on the distortion correction ratio of

each of the plurality of vertices and interpolation ratios of the pixels, and rendering a

distortion-corrected image including pixels determined as a result of performing inter

polation on the plurality of vertices based on the corrected location information.

Brief Description of Drawings
[7] The above and other aspects, features, and advantages of certain embodiments of the

present disclosure will be more apparent from the following description taken in con

junction with the accompanying drawings, in which:

[8] FIG. 1 is a conceptual diagram for describing a method, performed by a device, of

processing an image according to an embodiment of the present disclosure;

[9] FIG. 2 is a diagram for describing pincushion distortion occurring when an image is

perceived through a lens according to an embodiment of the present disclosure;

[10] FIG. 3 is a diagram for describing a method of applying barrel distortion to correct an

image having pincushion distortion according to an embodiment of the present

disclosure;

[11] FIG. 4 is a diagram for describing a method of determining locations of pixels by

performing linear interpolation on vertices according to an embodiment of the present

disclosure;

[12] FIG. 5 is a flowchart of a method, performed by a device, of processing an image

according to an embodiment of the present disclosure;

[13] FIG. 6 is a graph for describing accuracy of a distortion-corrected image rendered by

a device according to an embodiment of the present disclosure;

[14] FIG. 7 is a diagram for describing changes in locations of pixels in two dimensions

based on correction of lens distortion, and changes in an image based on the changes in

the locations of the pixels according to an embodiment of the present disclosure;

[15] FIG. 8 is a diagram for describing a method, performed by a device, of rendering a

distortion-corrected image by correcting depth values of pixels according to an em

bodiment of the present disclosure;

[16] FIG. 9 is a graph for describing accuracy of pixels determined by a device according

to an embodiment of the present disclosure;

[17] FIG. 10 is a diagram for describing a method, performed by a device, of rendering a

distortion-corrected image by determining color- specific corrected location in

formation of pixels according to an embodiment of the present disclosure; and

[18] FIGS. 11 and 12 are block diagrams of a device for processing an image according to

various embodiments of the present disclosure.

[19] Throughout the drawings, it should be noted that like reference numbers are used to

depict the same or similar elements, features, and structures.



Best Mode for Carrying out the Invention
[20] Aspects of the present disclosure are to address at least the above-mentioned

problems and/or disadvantages and to provide at least the advantages described below.

Accordingly, an aspect of the present disclosure is to provide methods, devices, and

recording media for processing an image to increase image quality by generating pixels

corrected based on distortion correction ratios and information about vertices included

in the image, and rendering a distortion-corrected image capable of offsetting

distortion due to a lens through which the image is projected.

[21] In accordance with an aspect of the present disclosure, a method of processing an

image in a device is provided. The method includes determining a distortion correction

ratio of each of a plurality of vertices included in a source image, based on information

about a lens through which the source image is projected, determining corrected

location information of pixels located between the plurality of vertices, based on the

distortion correction ratio of each of the plurality of vertices and interpolation ratios of

the pixels, and rendering a distortion-corrected image including pixels determined as a

result of performing interpolation on the plurality of vertices based on the corrected

location information.

[22] The corrected location information of the pixels may include distortion correction

ratios of the pixels, which are calculated as a result of performing interpolation on the

distortion correction ratio of each of the plurality of vertices based on the interpolation

ratios of the pixels.

[23] The method may further include determining distances of the pixels from a center of

the source image based on distances between the center of the source image and the

plurality of vertices and the interpolation ratios of the pixels, and the rendering of the

distortion-corrected image may include determining changed distances of the pixels

based on the distances of the pixels from the center of the source image and distortion

correction ratios of the pixels.

[24] The method may further include determining depth values of the plurality of vertices

based on the distortion correction ratio of each of the plurality of vertices and a

distance between a point of view and a display on which the source image is projected,

and the corrected location information of the pixels may include depth values of the

pixels, which are calculated as a result of performing interpolation on the depth values

of the plurality of vertices based on the interpolation ratios of the pixels.

[25] The rendering of the distortion-corrected image may include rendering a distortion-

corrected image including a plurality of vertices and pixels corrected based on the de

termined depth values.

[26] The determining of the distortion correction ratio of each of the plurality of vertices



may include determining color-specific distortion correction ratios of the plurality of

vertices, and the corrected location information of the pixels may include color-

specific distortion correction ratios of the pixels, which are calculated as a result of

performing interpolation on the color-specific distortion correction ratios of the

plurality of vertices based on the interpolation ratios.

[27] The rendering of the distortion-corrected image may include generating color-

specific distortion-corrected images including pixels generated as a result of

performing interpolation on the plurality of vertices based on the color-specific

distortion correction ratios of the pixels, and rendering a distortion-corrected image by

combining the color-specific distortion-corrected images.

[28] The method may further include determining color-specific depth values of the

plurality of vertices based on the color-specific distortion correction ratios of the

plurality of vertices and a distance between a point of view and a display on which the

source image is projected, and the corrected location information of the pixels may

include color-specific depth values of the pixels, which are calculated as a result of

performing interpolation on the color-specific depth values of the plurality of vertices

based on the interpolation ratios.

[29] The method may further include outputting the distortion-corrected image, and the

distortion-corrected image may be viewed through the lens by a user of the device.

[30] In accordance with another aspect of the present disclosure, a device for processing

an image is provided. The device includes at least one processor configured to

determine a distortion correction ratio of each of a plurality of vertices included in a

source image, based on information about a lens through which the source image is

projected, determine corrected location information of pixels located between the

plurality of vertices, based on the distortion correction ratio of each of the plurality of

vertices and interpolation ratios of the pixels, and render a distortion-corrected image

including pixels determined as a result of performing interpolation on the plurality of

vertices based on the corrected location information, and a projector configured to

output the distortion-corrected image.

[31] The corrected location information of the pixels may include distortion correction

ratios of the pixels, which are calculated as a result of performing interpolation on the

distortion correction ratio of each of the plurality of vertices based on the interpolation

ratios of the pixels.

[32] The at least one processor may further be configured to determine distances of the

pixels from a center of the source image based on distances between the center of the

source image and the plurality of vertices and the interpolation ratios of the pixels, and

determine changed distances of the pixels based on the distances of the pixels from the

center of the source image and distortion correction ratios of the pixels.



[33] The at least one processor may further be configured to determine depth values of the

plurality of vertices based on the distortion correction ratio of each of the plurality of

vertices and a distance between a point of view and a display on which the source

image is projected, and the corrected location information of the pixels may include

depth values of the pixels, which are calculated as a result of performing interpolation

on the depth values of the plurality of vertices based on the interpolation ratios of the

pixels.

[34] The at least one processor may further be configured to render a distortion-corrected

image including a plurality of vertices and pixels corrected based on the determined

depth values.

[35] The at least one processor may further be configured to determine color- specific

distortion correction ratios of the plurality of vertices, and the corrected location in

formation of the pixels may include color- specific distortion correction ratios of the

pixels, which are calculated as a result of performing interpolation on the color-

specific distortion correction ratios of the plurality of vertices based on the inter

polation ratios.

[36] The at least one processor may further be configured to generate color- specific

distortion-corrected images including pixels generated as a result of performing inter

polation on the plurality of vertices based on the color- specific distortion correction

ratios of the pixels, and render a distortion-corrected image by combining the color-

specific distortion-corrected images.

[37] The at least one processor may further be configured to determine color- specific

depth values of the plurality of vertices based on the color- specific distortion

correction ratios of the plurality of vertices and a distance between a point of view and

a display on which the source image is projected, and the corrected location in

formation of the pixels may include color- specific depth values of the pixels, which are

calculated as a result of performing interpolation on the color- specific depth values of

the plurality of vertices based on the interpolation ratios.

[38] The lens of the device may have a preset angle of view, and the distortion-corrected

image may be viewed through the lens by a user of the device.

[39] Other aspects, advantages, and salient features of the disclosure will become apparent

to those skilled in the art from the following detailed description, which, taken in con

junction with the annexed drawings, discloses various embodiments of the present

disclosure.

Mode for the Invention
[40] The following description with reference to the accompanying drawings is provided

to assist in a comprehensive understanding of various embodiments of the present



disclosure as defined by the claims and their equivalents. It includes various specific

details to assist in that understanding but these are to be regarded as merely exemplary.

Accordingly, those of ordinary skill in the art will recognize that various changes and

modifications of the various embodiments described herein can be made without

departing from the scope and spirit of the present disclosure. In addition, descriptions

of well-known functions and constructions may be omitted for clarity and conciseness.

[41] The terms and words used in the following description and claims are not limited to

the bibliographical meanings, but, are merely used by the inventor to enable a clear and

consistent understanding of the present disclosure. Accordingly, it should be apparent

to those skilled in the art that the following description of various embodiments of the

present disclosure is provided for illustration purpose only and not for the purpose of

limiting the present disclosure as defined by the appended claims and their equivalents.

[42] It is to be understood that the singular forms "a," "an," and "the" include plural

referents unless the context clearly dictates otherwise. Thus, for example, reference to

"a component surface" includes reference to one or more of such surfaces.

[43] Although most terms used in this specification are selected among currently popular

general terms in consideration of functions implemented in the present disclosure,

some terms are used based on the intentions of those of ordinary skill in the art,

precedents, emergence of new technologies, or the like. Specific terms may be ar

bitrarily selected by the applicant and, in this case, the meanings thereof will be

described in the detailed description of the disclosure. Thus, the terms used herein

should be defined based on practical meanings thereof and the whole content of this

specification, rather than based on names of the terms.

[44] It will be understood that the terms "comprises", "comprising", "includes" and/or

"including", when used herein, specify the presence of stated elements, but do not

preclude the presence or addition of one or more other elements. The suffix such as

"...er", "unit", or "module" is used to denote an entity for performing at least one

function or operation, and may be embodied in the form of hardware, software, or a

combination thereof.

[45] Reference will now be made in detail to various embodiments, examples of which

are illustrated in the accompanying drawings, wherein like reference numerals refer to

like elements throughout, and in the following description, for a more clear description

of the present disclosure, parts or units that are not related to the descriptions are

omitted. In this regard, the present embodiments may have different forms and should

not be construed as being limited to the descriptions set forth herein. Accordingly, the

various embodiments are merely described below, by referring to the figures, to

explain aspects. As used herein, the term "and/or" includes any and all combinations of

one or more of the associated listed items. Expressions such as "at least one of," when



preceding a list of elements, modify the entire list of elements and do not modify the

individual elements of the list.

[46] FIG. 1 is a conceptual diagram for describing a method, performed by a device 100,

of processing an image according to an embodiment of the present disclosure.

[47] Referring to FIG. 1, the device 100 according to an embodiment may output an

image for providing a virtual reality (VR) environment to a user. The image output

from the device 100 may be projected through a lens (not shown) having a preset angle

of view. Herein, the lens having the preset angle of view may be included in or

provided outside the device 100.

[48] The user who is wearing the device 100 may view the image output from the device

100, through the lens having the preset angle of view and may feel as if the image is

output to a distance far from the user. As such, the device 100 may provide the user

with a virtual environment, in which the user feels as if he or she is in a virtual reality

shown by the image. In this specification, for convenience of explanation, differently

from the image actually output from the device 100, an image perceived by the user

through the lens having the preset angle of view is referred to as a virtual reality (VR)

image 10. For example, referring to FIG. 1, the user may view the VR image 10 by

perceiving the image output from the device 100, through the lens having the preset

angle of view.

[49] When the image output from the device 100 is projected through the lens, distortion

may occur in the VR image 10. For example, when the image output from the device

100 is projected through a telephoto lens, pincushion distortion may occur in the VR

image 10.

[50] To prevent distortion of the VR image 10 due to the angle of view of the lens, the

device 100 according to an embodiment may generate a distortion-corrected image

capable of offsetting distortion occurring due to the lens. In the following description,

for convenience of explanation, an image on which distortion correction is not

performed is referred to as a source image, and an image on which distortion

correction is performed is referred to as a distortion-corrected image.

[51] The device 100 according to an embodiment may determine a distortion correction

ratio of each of a plurality of vertices included in the source image, based on in

formation about the lens having the preset angle of view. In addition, the device 100

may determine corrected location information of pixels located between the plurality

of vertices, based on the distortion correction ratio of each of the plurality of vertices

and interpolation ratios of the pixels. Herein, it is assumed that the device 100 de

termines values, locations, or the like of the pixels by performing interpolation on the

plurality of vertices without processing data of the pixels to reduce complexity. The

corrected location information of the pixels may include at least one of distortion



correction ratios of the pixels and depth values of the pixels.

[52] For example, the device 100 may calculate the distortion correction ratios of the

pixels as a result of performing interpolation on the distortion correction ratio of each

of the plurality of vertices based on the interpolation ratios of the pixels. When an in

terpolation ratio of a pixel located between first and second vertices is preset to be

t:l-t, the device 100 may calculate a distortion correction ratio of the pixel by

performing interpolation on λ ΐ and λ2 corresponding to the distortion correction ratio

of the first vertex, based on the ratio of t:l-t.

[53] As another example, the device 100 may calculate the depth values of the pixels by

performing interpolation on a depth value calculated based on the distortion correction

ratio of each of the plurality of vertices, based on the interpolation ratios of the pixels.

The device 100 may project a three-dimensional (3D) image rendered based on the

depth values of the plurality of vertices and the depth values of the pixels, through the

lens. In this case, pincushion distortion of the VR image 10 perceived by the user

based on perspective projection may be corrected. A detailed description thereof will

be provided below with reference to FIG. 9.

[54] The device 100 according to an embodiment may have various forms. For example,

in this specification, the device 100 may be configured as a mobile phone, smartphone,

laptop computer, tablet PC, electronic book device, digital broadcasting receiver,

personal digital assistant (PDA), portable multimedia player (PMP), navigation system,

smart TV, smart car, consumer electronics (CE) device (e.g., a refrigerator or air con

ditioner having a display panel), head- mounted display (HMD), or the like, but is not

limited thereto.

[55] FIG. 2 is a diagram for describing pincushion distortion occurring when an image

230 is perceived through a lens 220 according to an embodiment of the present

disclosure.

[56] Referring to FIG. 2, when an eye 210 of a user perceives the image 230 output from

a device, through the lens 220, a VR image 240 in which distortion occurs due to an

angle of view of the lens 220 may be perceived. Herein, it is assumed that the lens 220

is a telephoto lens. As illustrated in FIG. 2, when the image 230 is perceived through a

telephoto lens, the VR image 240, in which pincushion distortion occurs causing a

concaved center part, may be perceived.

[57] FIG. 3 is a diagram for describing a method of applying barrel distortion to correct an

image having pincushion distortion according to an embodiment of the present

disclosure.

[58] Referring to FIG. 3, when a distortion-corrected image 310 is generated by applying

barrel distortion to a source image, pincushion distortion 320 occurring when the

distortion-corrected image 310 is perceived through a lens may be offset and thus a VR



image 330, from which distortion is removed, may be obtained.

[59] A device according to an embodiment may generate an image, to which barrel

distortion is applied, by correcting locations of pixels based on distortion correction

ratios of vertices of a source image, which are determined based on information about

distortion due to a lens. Particularly, the device may render a distortion-corrected

image capable of effectively offsetting pincushion distortion, by determining locations

of neighboring pixels by performing interpolation on a plurality of vertices according

to distortion correction ratios of the pixels based on distortion correction ratios of the

vertices. A method of rendering the distortion-corrected image by the device according

to an embodiment will be described in detail below with reference to FIG. 5.

[60] FIG. 4 is a diagram for describing a method of determining locations of pixels by

performing linear interpolation on vertices according to an embodiment of the present

disclosure.

[61] Referring to FIG. 4, as a method of linearly interpolating points located at ratios of a ,

β, and φ from vertices I I 410, 12 420, and 13 430, a device may determine a pixel A

440 by performing interpolation on the vertices II 410 and 13 430 at a ratio of :1- .

Furthermore, the device may determine a pixel B 450 by performing interpolation on

the vertices II 410 and 12 420 at a ratio of β:1-β. In addition, the device may determine

a pixel I 460 by performing interpolation on the pixel A 440 and the pixel B 450 at a

ratio of φ :1-φ .

[62] FIG. 5 is a flowchart of a method, performed by a device, of processing an image

according to an embodiment of the present disclosure.

[63] Referring to FIG. 5, in operation S510, the device determines a distortion correction

ratio of each of a plurality of vertices included in a source image, based on information

about a lens through which the source image is projected and which has a preset angle

of view. The distortion correction ratio of each of the plurality of vertices may be de

termined as shown in Equation 1.

[64] [Equation 1]

[65] r ' = x r = ( i + K r 2 + K r * + K 2 r + ··· ) r

[66] In Equation 1, r denotes a distance from a center of the source image to a vertex, K0,

Kl, and K2 are parameters determined based on the angle of view of the lens, r'

denotes a changed distance from the center of the source image to the vertex to correct

pincushion distortion, and λ denotes a distortion correction ratio of the vertex.

[67] The distance from the center of the source image to the vertex, i.e., r, is calculated as

a distance from a center coordinate (xo, yo) of the image to a coordinate (x, y) of the

vertex, and may be determined as shown in Equation 2.

[68] [Equation 2]



r x , y ) = j - o + y - y

[70] In operation S520, the device determines corrected location information of pixels

located between the plurality of vertices, based on the distortion correction ratio of

each of the plurality of vertices and interpolation ratios of the pixels. Herein, the

corrected location information of the pixels may include at least one of distortion

correction ratios of the pixels and depth values of the pixels.

[71] For example, when the device determines the distortion correction ratios of the

pixels, the device may determine distances between the pixels and the center of the

source image by performing interpolation on distances between the plurality of vertices

and the source image. The device may determine a distance rt of a pixel provided at a

location where first and second vertices included in the plurality of vertices have a

ratio of (t:l-t), from the center of the image, based on Equation 3.

[72] [Equation 3]

[73] _ ι | t r 2 — r

[74] In Equation 3, r l and r2 denote a distance between the first vertex and the center of

the source image, and a distance between the second vertex and the center of the

source image, respectively.

[75] The device may determine the distortion correction ratios of the pixels by performing

interpolation on the distortion correction ratio of the vertex, which is calculated based

on Equation 1, based on the interpolation ratios of the pixels. The distortion correction

ratios of the pixels may be determined based on Equation 4. A distortion correction

ratio t to be applied to a pixel to be linearly interpolated from the vertices may be

obtained using a linear interpolation ratio (t:l-t) of the pixel.

[76] [Equation 4]

[77] t = i + (A2 -

[78] In Equation 4, λ ΐ and λ2 denote distortion correction ratios of the first and second

vertices, respectively, and t denotes a distortion correction ratio of a pixel located

between the first and second vertices. The device may correct a distance between the

pixel and the center of the source image by applying the calculated distortion

correction ratio of the pixel to the distance between the pixel and the center of the

source image. The corrected distance between the pixel and the center of the source

image may be expressed as shown in Equation 5.

[79] [Equation 5]

[80] r 't = t r t = λ + t ( - A1 ))r

[81] In Equation 5, r't denotes a distance between the pixel and the center of the source

image, which is corrected by the device.



A coordinate of the pixel in two dimensions may be obtained as shown in Equation 6.

[Equation 6]

x = r co s y = sin

In Equation 6, Θdenotes an angle between the pixel and the center of the source

image, rt denotes a distance between the pixel and the center of the source image, and

xt and yt denote x-axis and y-axis coordinates of the pixel.

The corrected location of the pixel, which is calculated based on Equations 5 and 6,

may be determined as shown in Equation 7.

[Equation 7]

x't = λ + t ( - λ )χ ι

y 't = ( i + t ( 2 - y t

In Equation 7, x't and y't denote corrected x-axis and y-axis coordinates of the pixel.

As another example, to render a distortion-corrected image, the device may calculate

the depth values of the pixels by performing interpolation on a depth value calculated

based on the distortion correction ratio of each of the plurality of vertices, based on the

interpolation ratios of the pixels. The device may offset pincushion distortion by

changing the depth values of the plurality of vertices and the pixels. A detailed de

scription thereof will be provided below with reference to FIG. 9.

In operation 530, the device renders a distortion-corrected image including pixels de

termined as a result of performing interpolation on the plurality of vertices based on

the corrected location information.

The device according to an embodiment may correct locations of the plurality of

vertices and the pixels based on the calculated distortion correction ratios. According

to another embodiment, the device may generate a 3D distortion-corrected image

including a plurality of vertices and pixels which are corrected based on the calculated

depth values.

The device according to an embodiment may provide a VR image, from which

pincushion distortion is removed, to a user by projecting the distortion-corrected image

through the lens having the preset angle of view.

FIG. 6 is a graph for describing accuracy of a distortion-corrected image rendered by

a device according to an embodiment of the present disclosure.

Referring to FIG. 6, accuracies of graph 1 showing a typical pixel-based distortion

correction result, graph 2 showing a distortion correction result according to an em

bodiment, and graph 3 showing a typical linear-interpolation-based distortion

correction result may be compared. Herein, the pixel-based distortion correction result



indicates a method of correcting all pixels based on Equation 1. The pixel-based

distortion correction has high complexity.

[96] The distance between the pixel and the center of the source image, which is corrected

according to the linear-interpolation-based distortion correction technology, may be

expressed as shown in Equation 8.

[97] [Equation 8]

[99] In Equation 8, rl" and r2" denote distances between vertices and the center of the

source image, which are corrected according to the linear-interpolation-based

distortion correction technology, and rt" denotes a distance between the pixel and the

center of the source image, which is corrected according to the linear -inter

polation-based distortion correction technology. If Equation 8 is expanded using

Equation 3, Equation 9 may be obtained.

[100] [Equation 9]

[101] „ λ - λ - 2)r 1r 2r = r t +
r 2 - r r 2 - r

[102] The distance between the pixel, which is distortion-corrected according to an em

bodiment, and the center of the source image may be expressed based on Equation 10

as a result of expansion using Equations 3 and 5.

[103] [Equation 10]

[104] 2 - λ λ -
r t = r + r tr 2 - , r 2 - r t

[105] When errors of the linear-interpolation-based distortion correction technology and

the distortion correction technology according to an embodiment are denoted by ef and

eg, respectively, the difference between the errors may be determined based on

Equation 11.

[106] [Equation 11]



[107]

e f - e 3 = r t i d eal - r - + r 7 - r 1

(·.· λ < λ , r < r 2, r t > r )

.·. ef > eg

[108] In Equation 11, rt'ideal denotes a distance between the pixel and the center of the

source image, which is corrected according to the pixel-based distortion correction

technology. In the current embodiment, it is assumed that rt'ideal is an ideal value, and

performances of the linear-interpolation-based distortion correction technology and the

distortion correction technology according to an embodiment are compared.

[109] In Equation 11, since the error eg of distortion correction technology according to an

embodiment is smaller than the error ef of the linear-interpolation-based distortion

correction technology, it is shown that the distortion correction technology according

to an embodiment has high accuracy.

[110] FIG. 7 is a diagram for describing changes in locations of pixels in two dimensions

based on correction of lens distortion, and changes in an image based on the changes in

the locations of the pixels according to an embodiment of the present disclosure.

[Ill] Referring to FIG. 7, when a coordinate (x, y) 720 is distortion-corrected to a co

ordinate (χ', y') 730, if similarity between a triangle composed of sides r', x', and y' and

a triangle composed of sides r, x, and y is used, it is shown that a distortion correction

ratio of x and y equals a distortion correction ratio of a distance r from a center of the

image. Herein, each of the coordinates 720 and 730 may be determined based on an

origin O 710.

[112] FIG. 8 is a diagram for describing a method, performed by a device, of rendering a

distortion-corrected image by correcting depth values of pixels according to an em

bodiment of the present disclosure.

[113] Referring to FIG. 8, a vertex P 810 may move to P' 820 due to distortion correction

based on Equation 1.

[114] The device according to an embodiment may correct the depth values of the pixels

included in a source image, based on a perspective correction method of perspective

projection. Herein, a perspective correction ratio based on perspective projection may



have a reciprocal relationship with the distortion correction ratio described above in

relation to FIG. 5. A description thereof will be provided below based on Equations 11

and 12.

[115] The perspective projection method may be expressed as shown in Equation 12.

[116] [Equation 12]

[118] In Equation 12, x, y, and z denote 3D coordinate values of a pixel before being

corrected. As parameters of the perspective projection method, n denotes the minimum

depth value, f denotes the maximum depth value, t denotes a top boundary coordinate,

b denotes a bottom boundary coordinate, r denotes a right boundary coordinate, 1

denotes a left boundary coordinate, and zd denotes a distance between a point of view

and a display on which the source image is displayed. The device according to an em

bodiment may correct a location of the pixel to a coordinate (x*/w, y*/w, z*/w, 1.0)

based on a perspectively corrected coordinate system by dividing a result obtained

using the perspective projection method, by a value w. Interpolation of the pixel in the

perspectively corrected coordinate system may be expressed based on Equation 13.

[119] [Equation 13]

[120]
x >- > -

[121] [Equation 14]

[122] t
r t =

[123] If Equation 5 for distortion correction is applied to Equation 14, it is shown that the

perspective correction ratio and the distortion correction ratio have a reciprocal rela

tionship as shown in Equation 15.

[124] The device according to an embodiment may change depth values of a plurality of

vertices based on a distortion correction ratio of each of the plurality of vertices by

using the reciprocal relationship between the perspective correction ratio and the

distortion correction ratio. The depth value of each of the plurality of vertices may be

expressed based on Equation 15.

[125] [Equation 15]



[126]

λ ι

In Equation 15, zd denotes a distance between the point of view and the display on

which the source image is displayed, z denotes a changed depth value of a first vertex,

wl denotes a perspective correction ratio of the first vertex, and λ ΐ denotes a distortion

correction ratio of the first vertex.

The device according to an embodiment may obtain depth values of pixels located

between the plurality of vertices, by performing interpolation on changed depth values

of the plurality of vertices based on interpolation ratios. The depth values of the pixels

located between the plurality of vertices may be obtained based on Equation 16.

[Equation 16]

- + t[z 2 - z )

In Equation 16, z l and z2 denote depth values of first and second vertices, re

spectively, and zt denotes a depth value of a pixel located between the plurality of

vertices.

The device according to an embodiment may obtain Equation 17 showing a corrected

distance between the pixel and a center of the source image, as a result of applying

Equation 15 to Equation 5 based on the reciprocal relationship between the perspective

correction ratio and the distortion correction ratio.

[Equation 17]

r t r t r 2 - r r t

t + t ( _ A ) i - 2)r + 2r 2 - λ

[135] In Equation 17, the definitions of parameters may be the same as those of Equation 5.

[136] Referring to FIG. 8, it is shown that the vertex P 810 moves to P' 820 as a result of

correcting the vertex P 810 based on the distortion correction ratio and that P' 820 is

determined as a result of perspectively projecting a vertex Q 830. Herein, it is shown

that P 810 and Q 830 merely have different depth values zd and z' but have the same

coordinate value in two dimensions.

[137] As such, the device according to an embodiment may render a pincushion-

distortion-corrected image by performing perspective correction by changing only

depth values in three dimensions without changing coordinates (x, y) in two d i

mensions.

[138] According to an embodiment, a method of changing depth values of vertices may be

replaced with a method of rendering a mesh-type object composed of vertices having

depth values calculated as described above.



[139] FIG. 9 is a graph for describing accuracy of pixels determined by a device according

to an embodiment of the present disclosure.

[140] Referring to FIG. 9, accuracies of graph 1 showing a result of performing typical

pixel-based distortion correction, graph 2 showing a result of performing distortion

correction by determining distortion correction ratios of pixels according to an em

bodiment, graph 3 showing a result of performing distortion correction by changing

depth values of pixels according to an embodiment, and graph 4 showing a result of

performing typical linear-interpolation-based distortion correction.

[141] Based on the graph of FIG. 9, it is shown that the graph 2 showing the result of

performing distortion correction by determining the distortion correction ratios of the

pixels according to an embodiment and the graph 3 showing the result of performing

distortion correction by changing the depth values of the pixels according to an em

bodiment are closer to ideal correction values compared to the typical linear -in

terpolation-based distortion correction result. It is also shown that the result of

performing distortion correction by determining the distortion correction ratios of the

pixels according to an embodiment and the result of performing distortion correction

by changing the depth values of the pixels according to an embodiment are very close

to each other.

[142] FIG. 10 is a diagram for describing a method, performed by a device, of rendering a

distortion-corrected image by determining color- specific corrected location in

formation of pixels according to an embodiment of the present disclosure.

[143] Referring to FIG. 10, it is shown that color values R (1010), G (1020), and B (1030)

of a vertex or pixel are transmitted through a lens with different refractive indices due

to different wavelengths thereof. To increase accuracy in distortion correction, the

device according to an embodiment may perform the above-described distortion

correction method per color of the pixel.

[144] The device according to an embodiment may determine color-specific distortion

correction ratios of a plurality of vertices. The device may determine color-specific

corrected location information of pixels located between the plurality of vertices, based

on the determined color-specific distortion correction ratios and interpolation ratios of

the pixels. The color- specific corrected location information may include at least one

of the color-specific distortion correction ratios and color-specific depth values.

[145] For example, the device may determine color-specific distortion correction ratios of

the pixels by performing interpolation on the color-specific distortion correction ratios

of the plurality of vertices based on the interpolation ratios of the pixels. The device

may render a distortion-corrected image by combining color-specific pixels determined

based on the color-specific distortion correction ratios.

[146] As another example, the device may determine color-specific depth values of the



plurality of vertices based on the color- specific distortion correction ratios of the

plurality of vertices and a distance between a point of view and a display on which a

source image is displayed. The device may render a distortion-corrected image by

combining color- specific pixels determined based on the color- specific depth values.

[147] As the device according to an embodiment performs distortion correction per color,

distortion correction operations are accumulated by the number of colors and thus

accuracy in distortion correction may be increased.

[148] FIGS. 11 and 12 are block diagrams of a device 1100 for processing an image

according to various embodiments of the present disclosure.

[149] Referring to FIG. 11, the device 1100 according to an embodiment may include a

processor 1110 (e.g., at least one processor) and a projector 1120. However, not all i l

lustrated elements are essential. The device 1100 may include a smaller or larger

number of elements.

[150] For example, referring to FIG. 12, the device 1100 according to an embodiment of

the present disclosure may further include a communication unit 1130 (e.g., a

transceiver), a sensing unit 1140 (e.g., a sensor), a user input unit 1150 (e.g., a user

interface), an audio/video (A/V) input unit 1160 (e.g., an A/V input device), an output

unit 1170 (e.g., an A/V output device), and a memory 1180 (or storage) in addition to

the processor 1110 (e.g., at least one processor) and the projector 1120. A device

according to another embodiment may further include a lens (not shown) having a

preset angle of view.

[151] The above-mentioned elements will now be described one by one.

[152] The processor 1110 normally controls overall operations of the device 1100. For

example, the processor 1110 (e.g., at least one processor) may control the projector

1120, the communication unit 1130 (e.g., a transceiver), the sensing unit 1140, the user

input unit 1150, the A/V input unit 1160, the output unit 1170, and the memory 1180

by executing programs stored in the memory 1180.

[153] The processor 1110 determines a distortion correction ratio of each of a plurality of

vertices included in a source image, based on information about a lens through which

the source image is projected and which has a preset angle of view. In addition, the

processor 1110 determines corrected location information of pixels located between

the plurality of vertices, based on the distortion correction ratio of each of the plurality

of vertices and interpolation ratios of the pixels. Furthermore, the processor 1110

renders a distortion-corrected image including pixels determined as a result of

performing interpolation on the plurality of vertices based on the corrected location in

formation.

[154] The processor 1110 according to an embodiment may calculate distortion correction

ratios of the pixels as a result of performing interpolation on the distortion correction



ratio of each of the plurality of vertices based on the interpolation ratios. The processor

1110 may determine distances of the pixels from a center of the source image based on

distances between the center of the source image and the plurality of vertices and the

interpolation ratios of the pixels. In addition, the processor 1110 may determine

changed distances of the pixels based on the distances of the pixels from the center of

the source image and the distortion correction ratios of the pixels.

[155] The processor 1110 according to an embodiment may determine depth values of the

plurality of vertices based on the distortion correction ratios of the plurality of vertices

and a distance between a point of view and a display on which the source image is

displayed. In addition, the processor 1110 may calculate depth values of the pixels by

performing interpolation on the depth values of the plurality of vertices based on the

interpolation ratios of the pixels.

[156] The processor 1110 according to an embodiment may render a distortion-corrected

image including a plurality of vertices and pixels corrected based on the determined

depth values.

[157] The processor 1110 according to an embodiment may determine color- specific

distortion correction ratios of the plurality of vertices. In addition, the processor 1110

may determine color- specific distortion correction ratios of the pixels by performing

interpolation on the color- specific distortion correction ratios of the plurality of

vertices based on the interpolation ratios. The processor 1110 may generate color-

specific distortion-corrected images including pixels generated as a result of

performing interpolation on the plurality of vertices based on the color- specific

distortion correction ratios of the pixels, and render a distortion-corrected image by

combining the color- specific distortion-corrected images.

[158] The processor 1110 according to an embodiment may determine color- specific depth

values of the plurality of vertices based on the color- specific distortion correction

ratios of the plurality of vertices and the distance between the point of view and the

display on which the source image is displayed. In addition, the processor 1110 may

determine color- specific depth values of the pixels by performing interpolation on the

color- specific depth values of the plurality of vertices based on the interpolation ratios.

[159] The projector 1120 may output the distortion-corrected image rendered by the

processor 1110.

[160] The communication unit 1130 may include one or more elements for enabling com

munication between the device 100 and an external device. For example, the commu

nication unit 1130 may include a short-range wireless communication unit 1131, a

mobile communication unit 1132, and a broadcast reception unit 1133.

[161] The short-range wireless communication unit 1131 may include a Bluetooth commu

nication unit, a Bluetooth low energy (BLE) communication unit, a near field commu-



nication unit, a wireless local area network (WLAN) (e.g., Wi-Fi) communication unit,

a ZigBee communication unit, an infrared data association (IrDA) communication unit,

a Wi-Fi direct (WFD) communication unit, an ultra-wideband (UWB) communication

unit, and an Ant+ communication unit, but is not limited thereto.

[162] The mobile communication unit 1132 transmits and receives radio signals to and

from at least one of a base station, an external device, and a server in a mobile commu

nication network. Herein, the radio signals may include various types of data based on

transmission and reception of voice call signals, video call signals, and text/multimedia

messages.

[163] The broadcast reception unit 1133 receives broadcast signals and/or broadcast-related

information through a broadcast channel from an external device. The broadcast

channel may include a satellite channel and a terrestrial channel. According to another

embodiment, the device 1100 may not include the broadcast reception unit 1133.

[164] The sensing unit 1140 may detect at least one of a status of the device 1100, a status

around the device 1100, and/or a status of a user who is wearing the device 100, and

transmit the detected information to the processor 1110.

[165] The sensing unit 1140 may include at least one of a magnetic sensor 1141, an ac

celeration sensor 1142, a temperature/humidity sensor 1143, an infrared sensor 1144, a

gyroscope sensor 1145, a position sensor (e.g., a global positioning system (GPS))

1146, a barometric pressure sensor 1147, a proximity sensor 1148, and an red, green,

and blue (RGB) sensor (or an illuminance sensor) 1149, but is not limited thereto.

Functions of the sensors may be intuitively inferred from their names by one of

ordinary skill in the art, and thus detailed descriptions thereof are not provided herein.

[166] The user input unit 1150 refers to an element used when the user inputs data to

control the device 1100. For example, the user input unit 1150 may include a keypad, a

dome switch, a touchpad (e.g., a capacitive overlay type, a resistive overlay type, an

infrared beam type, a surface acoustic wave type, an integral strain gauge type, a

piezoelectric type), a jog wheel, or a jog switch, but is not limited thereto.

[167] The user input unit 1150 may receive user input. For example, the user input unit

1150 may be associated with a user interface (UI) module 1181 to receive a user input

of selecting at least one of items displayed on detection regions of the sensors.

However, the type of the user input received by the user input unit 1150 is not limited

to the above-described example.

[168] The A/V input unit 1160 is used to input audio signals or video signals, and may

include a camera 1161 and a microphone 1162. The camera 1161 may obtain image

frames such as still images or video images by using an image sensor in a video call

mode or an image capturing mode. The images captured by the image sensor may be

processed by the processor 1110 or an image processor (not shown).



[169] The image frames processed by the camera 1161 may be stored in the memory 1180

or transmitted to an external device via the communication unit 1130. Two or more

cameras 1161 may be provided depending on the configuration of the device 1100.

[170] The microphone 1162 receives an external sound signal and processes the same into

electrical voice data. For example, the microphone 1162 may receive the sound signal

from an external device or the user. The microphone 1162 may use various noise

reduction algorithms to reduce noise caused when the external sound signal is

received.

[171] The output unit 1170 is used to output audio signals, video signals, or vibration

signals, and may include a display unit 1171, a sound output unit 1172, and a vibration

motor 1173.

[172] When the display unit 1171 and a touchpad are layered to configure a touchscreen,

the display unit 1171 may be used as an input device as well as an output device. The

display unit 1171 may include at least one of a liquid crystal display (LCD), a thin film

transistor-liquid crystal display (TFT-LCD), an organic light-emitting diode (OLED), a

flexible display, a three-dimensional (3D) display, and an electrophoretic display. The

device 1100 may include two or more display units 1171 depending on the con

figuration of the device 1100. In this case, the two or more display units 1171 may be

provided to face each other by using hinges.

[173] The sound output unit 1172 outputs audio data received from the communication unit

1130 or stored in the memory 1180. In addition, the sound output unit 1172 outputs

sound signals related to functions performed by the device 1100 (e.g., call signal

reception sound, message reception sound, and notification sound). The sound output

unit 1172 may include a speaker or a buzzer.

[174] The vibration motor 1173 may output vibration signals. For example, the vibration

motor 1173 may output vibration signals corresponding to output of video data or

audio data. In addition, the vibration motor 1173 may output vibration signals when

touches are input to the touchscreen.

[175] The memory 1180 may store programs for process and control operations of the

processor 1110, and store input/output data.

[176] The memory 1180 may include at least one type of storage medium among flash

memory, a hard disk, a multimedia card micro, card type memory (e.g., secure digital

(SD) or extreme digital (XD) memory), random access memory (RAM), static random

access memory (SRAM), read-only memory (ROM), electrically erasable pro

grammable ROM (EEPROM), programmable ROM (PROM), magnetic memory, a

magnetic disc, and an optical disc. Alternatively or additionally, the device 1100 may

use a web storage or a cloud server serving as the memory 1180 in the Internet.

[177] The programs stored in the memory 1180 may be divided into a plurality of modules,



e.g., a user interface (UI) module 1181, a touchscreen module 1182, and a notification

module 1183, depending on functions thereof.

[178] The UI module 1181 may provide a specialized UI or a graphic user interface (GUI)

associated with the device 1100 per application. The touchscreen module 1182 may

detect a touch gesture of the user on the touchscreen, and transmit information about

the touch gesture to the processor 1110. The touchscreen module 1182 according to an

embodiment of the present disclosure may recognize and analyze touch code. The

touchscreen module 1182 may be configured as independent hardware including a

controller (e.g., at least one processor).

[179] Various sensors may be provided in or near the touchscreen to detect touches or

proximity touches on the touchscreen. An example of the sensors for detecting touches

on the touchscreen is a tactile sensor. The tactile sensor refers to a sensor capable of

detecting human- sensible or greater strengths of touches of a certain object. The tactile

sensor may detect various types of information, e.g., roughness of a contact surface,

hardness of a contact object, and temperature of a contact point.

[180] Another example of the sensors for detecting touches on the touchscreen is a

proximity sensor.

[181] The proximity sensor refers to a sensor capable of detecting the presence of an object

approaching or in proximity of a certain detection surface by using force of an electro

magnetic field or infrared light without a mechanical contact. Examples of the

proximity sensor include a transmissive photoelectric sensor, a direct-reflective photo

electric sensor, a mirror-reflective photoelectric sensor, an inductive proximity sensor,

a capacitive proximity sensor, a magnetic proximity sensor, and an infrared proximity

sensor. The touch gesture of the user may include tap, touch and hold, double tap, drag,

pan, flick, drag and drop, swipe, etc.

[182] The notification module 1183 may generate a signal for notifying that an event of the

device 1100 has occurred. The event of the device 1100 include, for example, key

signal input. The notification module 1183 may output the notification signal in the

form of a video signal via the display unit 1171, in the form of an audio signal via the

sound output unit 1172, or in the form of a vibration signal via the vibration motor

1173.

[183] The method according to an embodiment of the present disclosure can be im

plemented in the form of program instructions that can be executed through various

computer components and recorded on a non-transitory computer-readable recording

medium. The non-transitory computer-readable recording medium may include

program instructions, data files, data structures, or a combination thereof. The program

instructions recorded on the non-transitory computer-readable recording medium may

be program instructions specially designed and configured for the present disclosure or



program instructions known to and usable by one of ordinary skill in the art of

computer software. Examples of the non-transitory computer-readable recording

medium include magnetic media (e.g., a hard disk, a floppy disk, and a magnetic tape),

optical recording media (e.g., a compact disc-ROM (CD-ROM) and a digital versatile

disc (DVD)), magneto-optical media (e.g., a floptical disk), and hardware devices

specially configured to store and execute program instructions (e.g., a ROM, a RAM,

and a flash memory). Examples of the program instructions include machine code

generated by a compiler and high-level programming code that can be executed by a

computer using an interpreter or the like.

[184] It should be understood that various embodiments described herein should be

considered in a descriptive sense only and not for purposes of limitation. Descriptions

of features or aspects within each embodiment should typically be considered as

available for other similar features or aspects in other embodiments.

[185] While the present disclosure has been shown and described with reference to various

embodiments thereof, it will be understood by those skilled in the art that various

changes in form and details may be made therein without departing from the spirit and

scope of the present disclosure as defined by the appended claims and their

equivalents.
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Claims
[Claim 1] A method of processing an image in a device, the method comprising:

determining a distortion correction ratio of each of a plurality of

vertices comprised in a source image, based on information about a

lens through which the source image is projected;

determining corrected location information of pixels located between

the plurality of vertices, based on the distortion correction ratio of each

of the plurality of vertices and interpolation ratios of the pixels; and

rendering a distortion-corrected image comprising pixels determined as

a result of performing interpolation on the plurality of vertices based on

the corrected location information.

[Claim 2] The method of claim 1, wherein the corrected location information of

the pixels comprises distortion correction ratios of the pixels, which are

calculated as a result of performing interpolation on the distortion

correction ratio of each of the plurality of vertices based on the inter

polation ratios of the pixels.

[Claim 3] The method of claim 1, further comprising:

determining distances of the pixels from a center of the source image

based on distances between the center of the source image and the

plurality of vertices and the interpolation ratios of the pixels,

wherein the rendering of the distortion-corrected image comprises de

termining changed distances of the pixels based on the distances of the

pixels from the center of the source image and distortion correction

ratios of the pixels.

[Claim 4] The method of claim 1, further comprising:

determining depth values of the plurality of vertices based on the

distortion correction ratio of each of the plurality of vertices and a

distance between a point of view and a display on which the source

image is projected,

wherein the corrected location information of the pixels comprises

depth values of the pixels, which are calculated as a result of

performing interpolation on the depth values of the plurality of vertices

based on the interpolation ratios of the pixels.

[Claim 5] The method of claim 1,

wherein the determining of the distortion correction ratio of each of the

plurality of vertices comprises determining color- specific distortion

correction ratios of the plurality of vertices, and
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wherein the corrected location information of the pixels comprises

color-specific distortion correction ratios of the pixels, which are

calculated as a result of performing interpolation on the color-specific

distortion correction ratios of the plurality of vertices based on the in

terpolation ratios.

[Claim 6] The method of claim 5, wherein the rendering of the distortion-

corrected image comprises:

generating color-specific distortion-corrected images comprising pixels

generated as a result of performing interpolation on the plurality of

vertices based on the color-specific distortion correction ratios of the

pixels, and

rendering a distortion-corrected image by combining the color-specific

distortion-corrected images.

[Claim 7] The method of claim 5, further comprising:

determining color-specific depth values of the plurality of vertices

based on the color-specific distortion correction ratios of the plurality

of vertices and a distance between a point of view and a display on

which the source image is projected,

wherein the corrected location information of the pixels comprises

color-specific depth values of the pixels, which are calculated as a

result of performing interpolation on the color-specific depth values of

the plurality of vertices based on the interpolation ratios.

[Claim 8] A device for processing an image, the device comprising:

at least one processor configured to:

determine a distortion correction ratio of each of a plurality of vertices

comprised in a source image, based on information about a lens

through which the source image is projected,

determine corrected location information of pixels located between the

plurality of vertices, based on the distortion correction ratio of each of

the plurality of vertices and interpolation ratios of the pixels, and

render a distortion-corrected image comprising pixels determined as a

result of performing interpolation on the plurality of vertices based on

the corrected location information; and

a projector configured to output the distortion-corrected image.

[Claim 9] A device for processing an image, the device comprising:

at least one processor configured to:

determine a distortion correction ratio of each of a plurality of vertices

comprised in a source image, based on information about a lens
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through which the source image is projected,

determine corrected location information of pixels located between the

plurality of vertices, based on the distortion correction ratio of each of

the plurality of vertices and interpolation ratios of the pixels, and

render a distortion-corrected image comprising pixels determined as a

result of performing interpolation on the plurality of vertices based on

the corrected location information; and

a projector configured to output the distortion-corrected image.

[Claim 10] The device of claim 8, wherein the at least one processor is further

configured to:

determine distances of the pixels from a center of the source image

based on distances between the center of the source image and the

plurality of vertices and the interpolation ratios of the pixels, and

determine changed distances of the pixels based on the distances of the

pixels from the center of the source image and distortion correction

ratios of the pixels.

[Claim 11] The device of claim 8,

wherein the at least one processor is further configured to determine

depth values of the plurality of vertices based on the distortion

correction ratio of each of the plurality of vertices and a distance

between a point of view and a display on which the source image is

projected, and

wherein the corrected location information of the pixels comprises

depth values of the pixels, which are calculated as a result of

performing interpolation on the depth values of the plurality of vertices

based on the interpolation ratios of the pixels.

[Claim 12] The device of claim 8,

wherein the at least one processor is further configured to determine

color-specific distortion correction ratios of the plurality of vertices,

and

wherein the corrected location information of the pixels comprises

color-specific distortion correction ratios of the pixels, which are

calculated as a result of performing interpolation on the color-specific

distortion correction ratios of the plurality of vertices based on the in

terpolation ratios.

[Claim 13] The device of claim 12, wherein the at least one processor is further

configured to:

generate color-specific distortion-corrected images comprising pixels
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generated as a result of performing interpolation on the plurality of

vertices based on the color-specific distortion correction ratios of the

pixels, and

render a distortion-corrected image by combining the color-specific

distortion-corrected images.

[Claim 14] The device of claim 12,

wherein the at least one processor is further configured to determine

color-specific depth values of the plurality of vertices based on the

color-specific distortion correction ratios of the plurality of vertices and

a distance between a point of view and a display on which the source

image is projected, and

wherein the corrected location information of the pixels comprises

color-specific depth values of the pixels, which are calculated as a

result of performing interpolation on the color-specific depth values of

the plurality of vertices based on the interpolation ratios.

[Claim 15] A non-transitory computer-readable recording medium having recorded

thereon a program for executing the method of claim 1 on a computer.
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