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(57) Abstract: A display apparatus, a calibration apparatus and
a calibration method thereot are provided. The display apparatus
includes a display including display modules, a storage configured
to store a correction coetficient of each of light emitting pixels in-
cluded in each of the display modules, and a processor configured
to apply the correction coefficient of each of the light emitting pix-
els respectively to a pixel value of each of the light emitting pixels
to correct the pixel value of each of the light emitting pixels. The
correction coefficient of each of light emitting pixels is determined
based on a tirst target value for uniformity between pixels, and the
first target value is determined based on one or more representa-
tive pixel values of the display modules.
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Description
Title of Invention: DISPLAY APPARATUS, CALIBRATION

APPARATUS AND CALIBRATION METHOD THEREOF
Technical Field

Apparatuses and methods consistent with example embodiments relate to a display
apparatus, a calibration apparatus and a calibration method thereof, and more par-
ticularly, to a display apparatus including a self-luminous element, a calibration

apparatus and a calibration method thereof.

Background Art

Light Emitting Diode (LED) is a semiconductor light emitting diode that converts
current into light. Recently, LEDs have been increasingly used as display light sources,
automotive light sources, and illumination light sources. Also, a light emitting diode
that emits white light having excellent efficiency can be realized by using a fluorescent
material or combining light emitting diodes of various colors.

Such a light emitting diode can be mass-produced in the form of a light emitting
element package. The mass-produced light emitting element package is used as a light
source by classifying the light emitting element package according to characteristics,
such as luminous intensity, of each light emitting element package.

On the other hand, accurate measurement values for the individual elements are used
for calculating the correction coefficient for each LED element. Accordingly, a mea-
surement method for eliminating the interference of the adjacent elements by
measuring the spacing of each LED element has been used. However, because the pho-
tographing is performed a plurality of times by the spacing interval for every in-
dividual LED measurement, there is a problem that a long time is used for the mea-
surement.

In addition, even if the correction is performed by eliminating the interference
between the LED elements through the spacing, the user recognizes the image in which
the interference occurs, thereby causing color step differences. Such a color step

difference occurs between a plurality of LED modules (or cabinets).
Disclosure of Invention
Technical Problem

Example embodiments provide a calibration apparatus that simplifies a calibration
method through modeling, a calibration method thereof, and a display apparatus
capable of minimizing a color difference between display modules.
Solution to Problem

Example embodiments may address at least the above problems and/or disadvantages
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and other disadvantages not described above. Also, the example embodiments are not
required to overcome the disadvantages described above, and may not overcome any
of the problems described above.

According to an aspect of an example embodiment, there is provided a display
apparatus including a display including display modules, a storage configured to store
a correction coefficient of each of light emitting pixels included in each of the display
modules, a processor configured to apply the correction coefficient of each of the light
emitting pixels respectively to a pixel value of each of the light emitting pixels to
correct the pixel value of each of the light emitting pixels. The correction coefficient of
each of light emitting pixels is determined based on a first target value for uniformity
between pixels, and the first target value is determined based on one or more repre-
sentative pixel values of the display modules.

The pixel value may represent either one or both of luminance and color.

The correction coefficient of each of the light emitting pixels may be determined by
determining an actual pixel value of each of the light emitting pixels, based on a degree
of interference between pixels that are modeled based on a photographed image of the
display.

The correction coefficient of each of the light emitting pixels may be determined
further by determining the correction coefficient so that the determined actual pixel
value of each of the light emitting pixels to which the correction coefficient is applied
has a second target value that is set for uniformity between pixels, and compensating
the determined correction coefficient by the first target value.

The degree of interference between the modeled pixels may be determined based on
a distance between a target pixel and an adjacent pixel, among the modeled pixels, and
a peak pixel value among the target pixel and the adjacent pixel.

The degree of interference between the modeled pixels may be determined based on
either one or both of a light distribution deviation between a target pixel and an
adjacent pixel, among the modeled pixels, and an angle at which the target pixel and
the adjacent pixel are disposed.

Each of the display modules may be a light emitting diode (LED) module including
LED pixels, or an LED cabinet to which LED modules are connected.

According to an aspect of another example embodiment, there is provided a cal-
ibration method of a display including display modules, the method including de-
termining a representative pixel value of each of the display modules, based on a pho-
tographed image of the display, determining a first target value, based on the de-
termined representative pixel value of each of the display modules, and compensating
a correction coefficient of each of light emitting pixels included in each of the display

modules, based on the determined representative pixel value of each of the display



WO 2018/097503 PCT/KR2017/012357

[16]

[17]

[18]

[19]

[20]

[21]

[22]

modules and the determined first target value. The correction coefficient is determined
based on a second target value for uniformity between pixels.

The method may further include determining a peak pixel value among a target pixel
and an adjacent pixel, among pixels that are modeled based the photographed image,
and a distance between the target pixel and the adjacent pixel, determining a degree of
interference between the modeled pixels, based on the determined distance and the de-
termined peak pixel value, determining an actual pixel value of the target pixel, based
on the determined degree of interference, and determining the correction coefficient,
based on the determined actual pixel value and the second target value.

The determining of the degree of interference may include determining the degree of
interference between the modeled pixels, based on a light distribution deviation
between the target pixel and the adjacent pixel.

The determining of the degree of interference may include determining the degree of
interference between the modeled pixels, based on an angle at which the target pixel
and the adjacent pixel are disposed.

The determining of the actual pixel value may include determining the actual pixel
value of the target pixel not interfering with the adjacent pixel, based on the de-
termined degree of interference and a pixel value of the target pixel that is measured
from the photographed image, and the determining of the correction coefficient may
include determining the correction coefficient so that the determined actual pixel value
to which the correction coefficient is applied has the second target value.

Each of the display modules may be a light emitting diode (LED) module including
LED pixels, or an LED cabinet to which LED modules are connected.

According to an aspect of another example embodiment, there is provided a cal-
ibration apparatus including a camera configured to photograph a display including
display modules to generate a photographed image, a storage configured to store the
photographed image, and a processor configured to determine a representative pixel
value of each of the display modules, based on the photographed image, determine a
first target value, based on the determined representative pixel value of each of the
display modules, and compensate a correction coefficient of each of light emitting
pixels included in each of the display modules, based on the determined representative
pixel value of each of the display modules and the determined first target value. The
correction coefficient is determined based on a second target value for uniformity
between pixels.

The processor may be further configured to determine a peak pixel value among a
target pixel and an adjacent pixel, among pixels that are modeled based the pho-
tographed image, and a distance between the target pixel and the adjacent pixel,

determine a degree of interference between the modeled pixels, based on the de-
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termined distance and the determined peak pixel value, determine an actual pixel value
of the target pixel, based on the determined degree of interference, and determine the
correction coefficient, based on the determined actual pixel value and the second target
value.

The processor may be further configured to determine the degree of interference
between the modeled pixels, based on a light distribution deviation between the target
pixel and the adjacent pixel.

The processor may be further configured to determine the degree of interference
between the modeled pixels, based on an angle at which the target pixel and the
adjacent pixel are disposed.

The processor may be further configured to determine the actual pixel value of the
target pixel not interfering with the adjacent pixel, based on the determined degree of
interference and a pixel value of the target value that is measured from the pho-
tographed image, and determine the correction coefficient so that the determined actual
pixel value to which the correction coefficient is applied has the second target value.

Each of the display modules may be an LED module including LED pixels, or an
LED cabinet to which LED modules are connected.

According to an aspect of another example embodiment, there is provided a cal-
ibration apparatus including a camera configured to photograph a display including
display modules to generate a photographed image, and a processor configured to
determine a representative pixel value of each of the display modules, based on the
photographed image, determine a first target value, based on the determined repre-
sentative pixel value of each of the display modules, and compensate a correction co-
efficient of a display module among the display modules to be applied to each of pixels
included in the display module, with the determined representative pixel value of the
display module and the determined first target value.

The processor may be further configured to determine a peak pixel value among a
target pixel and an adjacent pixel, among the pixels included in the photographed
image, and a distance between the target pixel and the adjacent pixel, determine a
degree of interference between the pixels, based on the determined distance and the de-
termined peak pixel value, determine an actual pixel value of the target pixel, based on
the determined degree of interference and a pixel value of the target pixel that is
measured from the photographed image, and determine the correction coefficient so
that the determined actual pixel value to which the correction coefficient is applied has
a second target value.

The determined first target value may be a minimum pixel value or a maximum pixel

value among an average pixel value of each of the display modules.



WO 2018/097503 PCT/KR2017/012357

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Advantageous Effects of Invention

According to the example embodiments mentioned above, it is possible to provide a
high-speed measurement method for reducing the number of times of shooting by the
related-art spacing measurement. According to the example embodiments of the
present disclosure, it is possible to reduce the color step between the display modules.
Brief Description of Drawings

The above and other aspects of example embodiments will become more apparent by
reference to the appended drawings. Understanding that these drawings depict only the
example embodiments of the disclosure and are not therefore to be considered to be
limiting of the scope of the disclosure, the principles herein are described and
explained with additional specificity and detail through the use of the accompanying
drawings, in which:

FIG. 1 is a diagram illustrating a configuration of a display apparatus according to an
example embodiment;

FIG. 2 is a block diagram illustrating a display apparatus according to an example
embodiment;

FIG. 3 is a diagram illustrating a correction coefficient according to an example em-
bodiment;

FIG. 4A is a flowchart illustrating a method of calculating a correction coefficient of
a light emitting pixel according to an example embodiment;

FIG. 4B is a block diagram illustrating a calibration apparatus according to an
example embodiment;

FIGS. 5, 6,7, 8,9, and 10 are diagrams illustrating methods of calculating a
correction coefficient according to example embodiments;

FIG. 11 is a diagram illustrating a method of eliminating a color step between
modules according to an example embodiment; and

FIG.12 is a block diagram illustrating a detailed operation of a display apparatus

according to an example embodiment.

Best Mode for Carrying out the Invention

Mode for the Invention

Below, example embodiments will be described in detail with reference to the ac-
companying drawings. For reference, when it is determined that the detailed de-
scription of the known function or configuration may obscure the gist of the example
embodiments in describing them, the detailed description thereof will be omitted. In
addition, the example embodiments may be changed in various forms, and therefore,

the technical scope is not limited to the following example embodiments. Rather, these
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example embodiments are provided to make the present disclosure thorough and
complete.

Unless explicitly described otherwise, the term ‘including’ will be understood to
imply the inclusion of a component, but not the exclusion of any other components.
Further, various elements and areas in the drawings are schematically drawn.
Therefore, the technical ideas are not limited by a relative size or interval drawn in the
accompanying drawings.

FIG. 1 is a diagram illustrating a configuration of a display apparatus according to an
example embodiment.

According to the illustration in FIG. 1, a display apparatus 100 according to an
example embodiment of the present disclosure may be realized in the form that a
plurality of display modules 110-1, 110-2, 110-3, 110-4, ..., 110-n are physically
connected to each other. In this case, each of the plurality of display modules may
include a number of pixels arranged in a matrix form, for example, self-luminous
pixels. The display apparatus module may be implemented as a LED module in which
each of a number of pixels is realized as a LED pixel, or a LED cabinet in which a
plurality of LED modules are connected to each other, but the example is not limited
thereto. For example, the display module may be realized as a liquid crystal display
(LCD), an organic LED (OLED), an active-matrix OLED (AMOLED), a Plasma
Display Panel (PDP), and the like. However, hereinafter, it will be described such that
each display module is realized as an LED module or an LED cabinet for the con-
venience of explanation.

When a display 110 is configured by using the unit display module, various sizes
and/or shapes of the display 110 can be realized. However, there is a color step
between the LED areas (for example, LED modules or LED cabinets).

Hereinafter, example embodiments of the present disclosure for solving the color
step will be described.

FIG. 2 is a block diagram illustrating a display apparatus according to an example
embodiment.

Referring to FIG. 2, the display apparatus 100 includes the display 110, a storage
120, and a processor 130.

The display apparatus 110 includes a plurality of display modules. The display 110
may be configured in the form that a plurality of display modules are connected and
assembled. In this case, each of the plurality of display modules may include a number
of pixels arranged in a matrix form, for example, self-luminous pixels. According to an
example embodiment, the display 110 may be realized as a plurality of LED modules
(LED module including at least one LED element) and/or a plurality of LED cabinets.
In addition, the LED module may include a plurality of LED pixels. For example, the
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LED pixel may be realized as an RGB LED, and the RGB LED may also include an
red LED, a green LED, and a blue LED.

The storage 120 stores various data used for an operation of the display apparatus
100.

The storage 120 may be realized as a nonvolatile memory, a volatile memory, a hard
disk drive (HDD) or solid state drive (SSD), a memory card (e.g., micro SD card, USB
memory, etc.), an external memory (for example, a USB memory, etc.) connectable to
an external input port, and the like.

The storage 130 may store information of a binning group, information of a
maximum luminance per pixel, information of a color per pixel, and the like. In this
case, the binning group may be a group of LED pixels having the same characteristics
(luminance, color, color coordinate, etc.).

The storage 120 may store a correction coefficient corresponding to at least one light
emitting pixel included in any one or any combination of a plurality of display
modules.

In an example embodiment, the storage 120 may store a correction coefficient corre-
sponding to each of the light emitting pixels included in a plurality of display modules.
Here, the correction coefficient may be a correction coefficient for causing the pixel
value of each light emitting pixel to have a uniformity. In this case, the pixel value may
include either one or both of luminance (or intensity) and color (or color sense or color
temperature).

For example, in the case in which a light emitting pixel is implemented as a self-
luminous pixel such as an LED pixel, to match the maximum luminance to the target
luminance of the uniformity characteristic between a plurality of LED pixels, the
luminance is adjusted down through calibration using a correction coefficient.

FIG. 3 is a diagram illustrating a correction coefficient according to an example em-
bodiment. As illustrated in FIG. 3, the correction coefficient may be in a 3x3 matrix
form to realize the target R/G/B luminance, and it is possible to implement uniformity
by applying different correction coefficients to each pixel so that the maximum
luminance becomes the target luminance. In addition, the target luminance may be im-
plemented based on parameters in a 3x3 matrix form corresponding to each of the R/
G/B device, and a color temperature may be also calibrated to have color (or color
sense or color temperature) or uniformity.

The correction coefficient may be a correction coefficient generated by calculating a
pixel value of each pixel, based on the degree of interference between pixels modeled
based on a captured image of the display 110, and generated such that a pixel value of
each pixel implements a first target value. Here, the first target value may be a target

value to eliminate a color step.
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The correction coefficient may be a coefficient generated by calculating a first
correction coefficient for a pixel value of each pixel to have a second target value set
for uniformity and then compensating the first correction coefficient to have the first
target value to eliminate a color step.

In this case, the first correction coefficient may be a correction coefficient acquired
by modeling the degree of interference between pixels according to a peak pixel value
of a pixel acquired based on a photographed image and a distance between pixels.

The first correction coefficient may be a correction coefficient acquired by modeling
the degree of interference between pixels according to either one or both of light dis-
tribution deviation of pixels acquired based on a photographed image and a disposition
angle of pixels.

However, it will be assumed that a correction coefficient corrects luminance for the
convenience of explanation. However, the same method may be applied to the case in
which a correction coefficient corrects color.

Referring again to FIG. 2, the first correction coefficient may be a correction co-
efficient acquired by calculating a modeling-based correction coefficient based on the
degree of luminance interference between pixels modeled based on a photographed
image of the display 110, and compensating the modeling-based correction coefficient
such that each pixel implements a target luminance value. Here, the interference factor
that affects the degree of luminance interference may include any one or any com-
bination of a distance between pixels, a peak luminance of pixel, a luminance dis-
tribution deviation of pixels, and a disposition angle of pixels.

Accordingly, the modeling-based correction coefficient may be a correction co-
efficient acquired by modeling the degree of luminance interference between pixels
according to any one or any combination of a distance between pixels, a peak
luminance of pixels, a luminance distribution deviation of pixels and a disposition
angle of pixels.

The target luminance may be determined based on an LED pixel having the lowest
luminance, but the example is not limited thereto. For example, a luminance value
having about 90% of the LED pixel of the lowest luminance may be determined as a
target luminance value.

In addition, the target luminance may be determined based on the representative
luminance of each of a plurality of display modules 110-1, 110-2, ..., 110-n. Here, the
representative luminance may be an average luminance of the respective display
modules, but the example is not limited thereto. For example, the representative
luminance may also be the maximum luminance of the respective display modules.

In addition, the storage 120 may also store information of the number of pixels

included in each of a plurality of display modules, the size of pixels, and an interval
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between pixels. For example, the storage 120 may store information indicating that an
LED module includes M*N number of pixels, that pixels have a size of 2.1mm, and
that a distance between centers of pixels is 2.5 mm.

The processor 130 controls overall operations of the display apparatus 100. The
processor 130 may include one or more of a central processing unit (CPU), controller,
application processor (AP), communication processor (CP), ARM processor, or the
like.

In addition, the processor 130 may include a graphic processor to perform graphic
processing corresponding to the image. The processor 130 may be implemented as a
system on chip (SoC) including a core and a GPU. The processor 130 may include a
single core, dual core, triple core, quad core, and multiples of cores.

According to an example embodiment of the present disclosure, the processor 130
may correct a pixel value, that is, either one or both of luminance and color, by
applying the correction coefficient acquired from the storage 120 to each of the corre-
sponding light emitting pixels.

FIG. 4A is a flowchart illustrating a method of calculating a correction coefficient of
a light emitting pixel according to an example embodiment. FIG. 4B is a block
diagram illustrating a calibration apparatus according to an example embodiment.

For example, the correction coefficient calculation method of FIG. 4A may be
applied to a calibration apparatus. For example, as illustrated in FIG. 4B, a calibration
apparatus 200 includes a camera 210, a storage 220, and a processor 230. However,
according to another example embodiment of the present disclosure, either one or both
of the camera 210 and the storage 220 may be implemented as separate from the cal-
ibration apparatus 200. For example, the calibration apparatus 200 may receive a pho-
tographed image from a camera apparatus and perform a calibrating operation.
However, hereinafter, it will be described such that the calibration apparatus 200
includes the camera 210, the storage 220, and the processor 230 for the convenience of
explanation.

Referring to FIG. 4A, in operation S410, the camera 210 photographs a display panel
including a plurality of display modules. In this case, one photographing may be
performed in a state that all LEDs included in the display panel emit light. However,
the example is not limited thereto, and a predetermined threshold number of pho-
tographing may also be performed in a state that light is emitted from at least a prede-
termined threshold number of LEDs possible within the range that the number of pho-
tographing may be reduced.

Here, the camera 210 may be implemented as a CMOS image sensor, a CCD image
sensor, and the like.

In addition, the photographed images may be stored in the storage 220.
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In addition, the storage 120 may also store information of the number of pixels
included in each of a plurality of display modules, the size of pixels, and an interval
between pixels. For example, the storage 120 may store information indicating that an
LED module includes M*N number of pixels, that pixels have a size of 2.1mm, and
that a distance between centers of pixels is 2.5 mm.

In operation S420, the processor 230 calculates a representative value of each of a
plurality of display modules, based on a photographed image, and sets a first target
value, based on the calculated representative value. For example, the processor 230
may calculate an average pixel value of each of the plurality of display modules, and
set a first target value, based on a minimum value among the calculated average pixel
values. However, the representative value may be the maximum pixel value, the
minimum pixel value, and the like, other than the average pixel value. In addition, the
first target value may also be an arbitrary value excluding the minimum value among
the representative values.

In operation S430, the processor 230 compensates a correction coefficient of a
plurality of light emitting pixels included in each of the plurality of display modules,
based on the representative value of each of the plurality of display modules and the
first target value. Here, the correction coefficient may be a correction coefficient
calculated such that each pixel has a predetermined second target value for uniformity
between pixels.

The processor 230 may calculate peak pixel values of a target pixel and at least one
adjacent pixel, based on the photographed image, and a distance between the target
pixel and the at least one adjacent pixel, and model the degree of interference between
pixels, based on the peak pixel values and the distance between pixels.

In addition, the processor 230 may calculate a pixel value of the target pixel, based
on the modeled interference degree, and calculate a correction coefficient, based on the
calculated pixel value.

In this case, the processor 230 may model the degree of interference between pixels,
based on a light distribution deviation of the target pixel and at least one adjacent pixel.

In this case, the processor 230 may model the degree of interference between pixels,
based on the angle of disposition of the target pixel and the at least one adjacent pixel.

In addition, the processor 230 may calculate a pixel value of a target pixel that does
not interfere with at least one adjacent pixel, based on the measured pixel value of the
target pixel and the modeled interference degree, and calculate a correction coefficient
to have a second target value, based on the pixel value.

The correction coefficient according to an example embodiment of the present
disclosure may be a coefficient to correct at least one of a pixel value, that is, either

one or both of a luminance value and a color value. However, hereinafter, it is assumed
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that the luminance value is corrected for the convenience of explanation.

[84] A correction coefficient of an LED device according to an example embodiment of
the present disclosure may be calculated in the methods as follows.

[85] FIGS. 5, 6,7, 8,9, and 10 are diagrams illustrating methods of calculating a
correction coefficient according to example embodiments.

[86] Referring to FIG. 5, when photographing is performed in the state that all LEDs
included in the display panel emit light, a luminance value for each pixel measured
through the photographed image is different from an actual luminance value. In other
words, when an actual luminance value of a pixel calculated through a related-art
spacing method is Pi (P1 to P25), a luminance value of a pixel acquired through a pho-
tographed image photographed when all LEDs emit light may be Mi (M1 to M25) due
to interference from luminance of adjacent pixels. Here, assuming that the degree of
interference that j-th pixel has on i-th pixel is ai, j, Mi may be expressed as Equation 1
as follows.

[87] [Math.1]
N
J:
[88] Accordingly, the actual luminance value of each pixel may be calculated by Equation
2 as shown below, according to an example embodiment of the present disclosure.

[89] [Math.2]

=

Pi=M->a

i
j=1

[90] In this case, the interference factor that affects the degree of interference may include
any one or any combination of a distance between pixels, a peak luminance of pixel, a
luminance distribution deviation of pixels, and an angle at which pixels are disposed.

[91] Accordingly, peak luminance values of a target light emitting pixel and at least one
adjacent pixel and a distance between the target pixel and the at least one adjacent
pixel are calculated based on a photographed image photographed at the operation
S410. Thereafter, the degree of interference between pixels is modeled based on a
distance between the peak luminance values and the distance between pixels.

[92] In this case, the degree of interference between pixels may be modeled based on a
luminance distribution deviation between the target pixel and the at least one adjacent
pixel.

[93] In addition, the degree of luminance interference between pixels may be modeled
based on a degree at which the target pixel and the at least one adjacent pixel are
disposed.

[94] Thereafter, a correction coefficient of a target pixel is calculated based on a

luminance measurement value of the target pixel, based on the photographed image
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[101]

and the modeled luminance interference degree.

An original luminance of a target pixel that does not interfere with at least one
adjacent pixel may be calculated based on the luminance measurement value of the
target pixel and the modeled luminance interference degree. Thereafter, a correction
coefficient to implement the target luminance may be calculated based on the original
luminance.

The correction coefficient calculated as above may be compensated such that a color
step between the respective display modules in the above-mentioned operations $420
and S430 is reduced.

A modeling method of the degree of luminance interference according to an example
embodiment of the present disclosure is as follows.

First, the processor 230 may derive a distance between pixels based on measurement
data obtained from photographing the display 110 and information of the number of
pixels within the module, a pixel size, an interval between pixels acquired from the
storage 220. Here, the measurement data may be data obtained from photographing the
display 110 in the state that each pixel area is displaying a sample image (for example,
full white image) having the maximum gray level value, for example, 255 gray level
value (in the case in which the image has 256 levels of gray level with respect to each
color signal of RGB). FIG. 6A illustrates example measurement data 610.

A peak intensity of each pixel area is derived as illustrated in FIG. 6B from the mea-
surement data 610 as illustrated in FIG. 6A, and an estimated pixel area may be
expanded by decreasing a luminance level based on the peak intensity as illustrated in
FIG. 6C. In this case, a final estimated pixel area may be determined by expanding an
estimated pixel area to the extent that the expanded estimated pixel area coincides a
pixel size stored in the storage 120 without overlapping with each other, and thereby,
an interval between pixels may be derived.

However, the example is not limited thereto, and an interval between pixels may be
derived in other methods. For example, a focus of a measuring device may be adjusted
before beam form measurement as illustrated in FIG. 6D, so that a physical size, not a
light emitting form, of a display pixel is accurately measured. Thereby, the size of a
CCD image, M x N, corresponding one pixel is derived. Next, a window of a size that
is the same as a CCD size corresponding to one pixel, M x N, is defined. Thereafter,
the defined window is moved upward/downward/left/right by a scan line to find a
position where the average intensity in the window is the highest in a predetermined
area defined by the user, and the center of the window is considered as the center of a
pixel. A distance between centers of adjacent pixels is considered as an interval
between pixels.

Thereafter, the processor 230 may model the degree of luminance interference
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[102]
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between each pixel, based on the derived interval between pixels. Alternatively, the
processor 230 may calculate the degree of luminance interference according to the
derived interval between pixels, based on the modeled luminance interference degree.

For example, the processor 230 may perform beam form modeling with respect to
luminance distribution to estimate a luminance distribution of each pixel, based on the
maximum gray level (for example, full white of 255 gray level). For example, a
luminance distribution in the Gaussian function form corresponding to each pixel area
may be derived through beam form modeling with respect to each pixel as illustrated in
FIG. 7.

Thereafter, the processor 230 may model the degree of luminance interference
between each pixel based on a Gaussian function corresponding to each pixel. For
example, the processor 230 may model the degree of luminance interference between
each pixel as illustrated in FIG. 8A (experiment data) and FIG. §B (schematic data).

For example, the degree of luminance interference according to a distance between
pixels may be modeled as illustrated in FIG. 9A. According to FIG. 9A, when a
distance between pixels is d1, luminance interferences of + 100 nit and + 50 nit occur
in the pixels P1 and P2, respectively, and when a distance between pixels is d2 (d1 <
d2), it can be understood that luminance interferences of + 180 nit and + 40 nit occur
in the pixels P1 and P2, respectively. However, the numerical values are examples, and
the example is not limited thereto.

In a similar manner to the above-mentioned method, the degree of luminance in-
terference according to a peak luminance value of adjacent pixel may be modeled as il-
lustrated in FIG. 9B. According to FIG. 9B, it can be understood that when a peak
luminance of an adjacent pixel is 4000, luminance interferences of + 100 nit and + 50
nit occur in the pixels P1 and P2, respectively, and that when a peak luminance of an
adjacent pixel is 4500, luminance interferences of + 150 nit and + 50 nit occur in the
pixels P1 and P2, respectively. However, the numerical values are examples, and the
example is not limited thereto.

In a similar manner to the above-mentioned method, the degree of luminance in-
terference according to a luminance distribution deviation of adjacent pixels may be
modeled as illustrated in FIG. 9C. According to FIG. 9C, it can be understood that
when a luminance distribution deviation of adjacent pixels is 62, luminance inter-
ferences of + 100 nit and + 50 nit occur in the pixels P1 and P2, respectively, and that
when a luminance distribution deviation of adjacent pixels is 02, luminance inter-
ferences of + 50 nit and + 30 nit occur in the pixels P1 and P2, respectively. However,
the numerical values are examples, and the example is not limited thereto.

In a similar manner to the above-mentioned method, the degree of luminance in-

terference according to an angle at which pixels are disposed may be modeled as il-
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lustrated in FIG. 9D. According to FIG. 9D, it can be understood that the degree of
luminance interference differs depending on an inclination angle of pixels.

Thereafter, an actual luminance value of each pixel may be calculated based on the
degree of luminance interference according to each interference factor, such as a
distance between pixels, a peak luminance value of adjacent pixels, a luminance dis-
tribution deviation of adjacent pixels, and an angle at which pixels are disposed. In
other words, an actual luminance value of each pixel may be calculated based on the
measured luminance value based on a photographed image and the degree of
luminance interference according to each interference factor.

FIG. 10 illustrates a graph to model the degree of luminance interference by con-
sidering all of a peak luminance value of adjacent pixels, a luminance distribution
deviation of adjacent pixels, and an angle at which pixels are disposed.

For example, when a distance between a j-th pixel and an i-th pixel is di, j, a
luminance of the j-th pixel is Pj, a luminance deviation of the j-th pixel is gj, and an
angle of the j-th pixel is 0j, the degree of interference affecting the j-th pixel, ai, j may
be expressed in Equation 3 as follows.

[Math.3]

a; =f(d;,P.0,.9)

i
Accordingly, Equation 4 as follows, may be derived from the example embodiment
illustrated in FIG. 5.
[Math.4]

N N
M= P, +Z10‘1j =P+ Zf(d”, P..0;.96,)

= =

N N
My=Py+2 oy =Py + Zf(dz'i’ P, o, 6)

J:

j=1

N N
= =
Accordingly, the luminance value of each pixel may be calculated by Equation 5 as
shown below.

[Math.5]

N
Py= M, —Z1f(du, P.o,6))

j=

Accordingly, the luminance value of each pixel may be calculated by Equation 5 as

shown below.When an actual luminance value of each pixel is calculated in this
method, a correction coefficient for the actual luminance value of each pixel to have a
second target value may be calculated.

When a correction coefficient of each pixel that reflects the degree of luminance in-
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terference mentioned above is calculated, compensation with respect to the correction
coefficient may be performed to reduce a color step between each of the display
modules. The reason why a color step occurs is that a calibration for correcting LED
element is a point light source calibration, and the user recognizes color as a surface
light source that reflects the interference by the point light sources.

Accordingly, to reflect the interference of the point light sources, a group of point
light sources of each LED is processed as one surface light source in units of a prede-
termined size (for example, a module, a cabinet, an LED area of a predetermined size,
or the like) to correct a color step.

FIG. 11 is a diagram illustrating a method of eliminating a color step between
modules according to an example embodiment.

For example, as illustrated in FIG. 11, a representative value S1 to S6 of each of a
plurality of display modules 111 to 116 may be calculated based on a photographed
image, and a first target value may be determined based on the calculated repre-
sentative value. For example, it is assumed that a representative luminance value
having the lowest target value is set to S3.

In this case, a correction coefficient of a plurality of light emitting pixels included in
each of the plurality of display modules 111 to 116 may be compensated based on the
representative value S1 to S6 of each of the plurality of display modules 111 to 116
and the first target value S3. For example, a correction coefficient may be compensated
by multiplying a correction coefficient of a plurality of light emitting pixels included in
each of the plurality of display modules 111 to 116 by a compensation coefficient ci =
Si/T,1i.e., ci=Si/S3. Here, the correction coefficient may, as described above, be a
correction coefficient calculated such that each pixel has a predetermined second target
value for uniformity between pixels.

A compensation coefficient S1/ S3 may be multiplied by a correction coefficient of
each of a plurality of light emitting pixels included in a first display module 111, and a
compensation coefficient S2 / S3 may be multiplied by a correction coefficient of each
of a plurality of light emitting pixels included in a second display module 112.
Thereafter, a correction coefficient of a plurality of light emitting pixels included in
third to sixth display modules 113 to 116 may be multiplied by compensation coef-
ficients S3/S3 =1.S4/S53,S5/S3 and S6/ S3.

It has been described above based on luminance for the convenience of explanation.
However, it has been mentioned that the calibration method according to the present
disclosure may also be applied to calibration of color as well as luminance.

FIG.12 is a block diagram illustrating a detailed operation of a display apparatus
according to an example embodiment.

Referring to FIG. 12, the display apparatus 100 includes the display 110, the storage
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120, the processor 130, and a display driver 140. The elements of FIG. 12 overlapped
with the elements of FIG. 2 will not be specifically explained below.

The processor 130 may include a CPU, a ROM (or non-volatile memory) that stores
a control program for controlling the display apparatus 100, and a RAM (or volatile
memory) that stores data input from outside the display apparatus 100 or is used as a
storage area corresponding to various operations performed in the display apparatus
100. The CPU is configured to access the storage 120 and perform booting using an
operating system (OS) stored in the storage 120. In addition, various operations are
performed using various programs, contents, and data stored in the storage 120.

The display driver 140 drives the display 110 according to a control of the processor
130. For example, the display driver 140 applies a driving voltage or drives a driving
current to drive each self-luminous element, for example, LED pixel, included in the
display 110 according to a control of the processor 130, to thereby drive each LED
pixel.

When a correction coefficient is modified, to drive a target pixel area according to
the modified correction coefficient, the processor may adjust a duty ratio of pulses
(R_Pulse, G_Pulse, B_Pulse) input to at least one LED pixel corresponding to the
target pixel area. For this purpose, the processor 130 may adjust a duty ratio of pulses
(R_Pulse, G_Pulse, B_Pulse) according to the modified correction coefficient and
output the pulses to the display driver 140 for driving a LED pixel. The display driver
140 may provide a driving current to the display 110 to correspond to each control
signal input from the processor 130 to drive the display 110. In other words, the
display 110 adjust a supply time or intensity of a driving current provided to each LED
element to correspond to each of input driving signals, and output the driving current.

In this case, the display driver 140 may include a plurality of driving modules corre-
sponding to each of a plurality of display modules, or may be implemented in the form
of one driving module to drive all of the plurality of display modules. For example, the
plurality of driving modules corresponding to each of the plurality of display modules
may be formed as a plurality of semiconductor integrated chips (ICs), respectively.

According to circumstances, each of a plurality of display modules may be realized
to include a sub processor for controlling an operation of each display module, and a
driving module to drive each display module according to a control of the sub
processor. In this case, each sub processor and driving module may be realized as a
hardware, software, firmware or integrated chip (IC). According to an example em-
bodiment, each sub processor may be realized as a separate semiconductor IC.

According to the example embodiments mentioned above, it is possible to provide a
high-speed measurement method for reducing the number of times of shooting by the

related-art spacing measurement. According to the example embodiments of the
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present disclosure, it is possible to reduce the color step between the display modules.

The methods according to the example embodiments of the present disclosure
described above may be implemented by only software/hardware upgrade for an
existing unit display module and/or a display apparatus including a unit display
module.

Further, a non-transitory computer readable medium recording therein program to se-
quentially perform a calibration method according to example embodiments may be
provided.

The non-transitory computer readable medium refers to a medium that stores data
semi-permanently rather than storing data for a very short time, such as a register, a
cache, a memory or etc., and is readable by an apparatus. In detail, the above-described
various applications or programs may be stored in the non-transitory computer
readable medium, for example, a compact disc (CD), a digital versatile disc (DVD), a
hard disc, a Blu-ray disc, a universal serial bus (USB), a memory card, a read only
memory (ROM), and the like, and may be provided.

For example, any one or any combination of these components, elements, modules or
units may use a direct circuit structure, such as a memory, a processor, a logic circuit, a
look-up table, etc. that may execute the respective functions through controls of one or
more microprocessors or other control apparatuses.

The foregoing example embodiments are examples and are not to be construed as
limiting. The present teaching can be readily applied to other types of apparatuses.
Also, the description of the example embodiments is intended to be illustrative, and not
to limit the scope of the claims, and many alternatives, modifications, and variations

will be apparent to those skilled in the art.
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Claims
A display apparatus comprising:
a display comprising display modules;
a storage configured to store a correction coefficient of each of light
emitting pixels included in each of the display modules; and
a processor configured to apply the correction coefficient of each of the
light emitting pixels respectively to a pixel value of each of the light
emitting pixels to correct the pixel value of each of the light emitting
pixels,
wherein the correction coefficient of each of light emitting pixels is de-
termined based on a first target value for uniformity between pixels,
and
the first target value is determined based on one or more representative
pixel values of the display modules.
The apparatus as claimed in claim 1, wherein the pixel value represents
either one or both of luminance and color.
The apparatus as claimed in claim 1, wherein the correction coefficient
of each of the light emitting pixels is determined by determining an
actual pixel value of each of the light emitting pixels, based on a degree
of interference between pixels that are modeled based on a pho-
tographed image of the display.
The apparatus as claimed in claim 3, wherein the correction coefficient
of each of the light emitting pixels is determined further by determining
the correction coefficient so that the determined actual pixel value of
each of the light emitting pixels to which the correction coefficient is
applied has a second target value that is set for uniformity between
pixels, and compensating the determined correction coefficient by the
first target value.
The apparatus as claimed in claim 3, wherein the degree of interference
between the modeled pixels is determined based on a distance between
a target pixel and an adjacent pixel, among the modeled pixels, and a
peak pixel value among the target pixel and the adjacent pixel.
The apparatus as claimed in claim 3, wherein the degree of interference
between the modeled pixels is determined based on either one or both
of a light distribution deviation between a target pixel and an adjacent
pixel, among the modeled pixels, and an angle at which the target pixel

and the adjacent pixel are disposed.
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The apparatus as claimed in claim 1, wherein each of the display
modules is a light emitting diode (LED) module comprising LED
pixels, or an LED cabinet to which LED modules are connected.

A calibration method of a display comprising display modules, the
method comprising:

determining a representative pixel value of each of the display modules,
based on a photographed image of the display;

determining a first target value, based on the determined representative
pixel value of each of the display modules; and

compensating a correction coefficient of each of light emitting pixels
included in each of the display modules, based on the determined repre-
sentative pixel value of each of the display modules and the determined
first target value,

wherein the correction coefficient is determined based on a second
target value for uniformity between pixels.

The method as claimed in claim 8, further comprising:

determining a peak pixel value among a target pixel and an adjacent
pixel, among pixels that are modeled based the photographed image,
and a distance between the target pixel and the adjacent pixel;
determining a degree of interference between the modeled pixels, based
on the determined distance and the determined peak pixel value;
determining an actual pixel value of the target pixel, based on the de-
termined degree of interference; and

determining the correction coefficient, based on the determined actual
pixel value and the second target value.

The method as claimed in claim 9, wherein the determining of the
degree of interference comprises determining the degree of interference
between the modeled pixels, based on a light distribution deviation
between the target pixel and the adjacent pixel.

The method as claimed in claim 9, wherein the determining of the
degree of interference comprises determining the degree of interference
between the modeled pixels, based on an angle at which the target pixel
and the adjacent pixel are disposed.

The method as claimed in claim 9, wherein the determining of the
actual pixel value comprises determining the actual pixel value of the
target pixel not interfering with the adjacent pixel, based on the de-
termined degree of interference and a pixel value of the target pixel that

is measured from the photographed image, and
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the determining of the correction coefficient comprises determining the
correction coefficient so that the determined actual pixel value to which
the correction coefficient is applied has the second target value.

The method as claimed in claim 8, wherein each of the display modules
is a light emitting diode (LED) module comprising LED pixels, or an
LED cabinet to which LED modules are connected.

A calibration apparatus comprising:

a camera configured to photograph a display comprising display
modules to generate a photographed image;

a storage configured to store the photographed image; and

a processor configured to:

determine a representative pixel value of each of the display modules,
based on the photographed image;

determine a first target value, based on the determined representative
pixel value of each of the display modules; and

compensate a correction coefficient of each of light emitting pixels
included in each of the display modules, based on the determined repre-
sentative pixel value of each of the display modules and the determined
first target value,

wherein the correction coefficient is determined based on a second
target value for uniformity between pixels.

The apparatus as claimed in claim 14, wherein the processor is further
configured to:

determine a peak pixel value among a target pixel and an adjacent
pixel, among pixels that are modeled based the photographed image,
and a distance between the target pixel and the adjacent pixel;
determine a degree of interference between the modeled pixels, based
on the determined distance and the determined peak pixel value;
determine an actual pixel value of the target pixel, based on the de-
termined degree of interference; and

determine the correction coefficient, based on the determined actual

pixel value and the second target value.
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