wo 20187131759 A1 | 000000 OO

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

(19) World Intellectual Property 3

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2018/131759 Al

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

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

19 July 2018 (19.07.2018) WIPO|PCT
(51) International Patent Classification:
G09G 3/32 (2006.01)
(21) International Application Number:
PCT/KR2017/006791
(22) International Filing Date:
27 June 2017 (27.06.2017)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

10-2017-0003327 10 January 2017 (10.01.2017) KR

(71) Applicant: SAMSUNG ELECTRONICS CO., LTD.
[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si,
Gyeonggi-do 16677 (KR).

(72) Imventors: LEE, Ho-seop; 201-2104, 230, Wiryegwang-
jang-ro, Songpa-gu, Seoul 05849 (KR). KWAG, Do-
young; 6-901, 407, Ogeum-ro, Songpa-gu, Seoul 05741
(KR). SHIGETA, Tetsuya; 434-603, 33, Cheongmyeong-
buk-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do 16709
(KR). CHO, Seong-phil; 107-509, 25, Irwon-ro 14-gil,
Gangnam-gu, Seoul 06356 (KR).

(74) Agent: JEONG, Hong-sik et al.; 9th Floor, Shinduk Bldg.,
343, Gangnam-daero, Seocho-gu, Seoul 06626 (KR).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
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,
KW,KZ,LA,LC,LK,LR,LS,LU,LY,MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
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,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(54) Title: DISPLAY APPARATUS, CONTROL METHOD AND COMPENSATION COEFFICIENT CALCULATION METHOD

THEREOF
100
110 150 150
ey > PROCESSOR [«—» STORAGE

(57) Abstract: A display apparatus, including a display panel
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Description
Title of Invention: DISPLAY APPARATUS, CONTROL METHOD
AND COMPENSATION COEFFICIENT CALCULATION

METHOD THEREOF
Technical Field

[1] Apparatuses and methods consistent with example embodiments relate to a display
apparatus, a controlling method and a compensation coefficient calculation method
thereof, and more particularly, to a display apparatus including a display panel

including self-luminous elements, and a driving method thereof.

Background Art

[2] A light emitting diode (LED) is a semiconductor element that converts current into
light. Recently, LEDs have been increasingly used as display light sources, automotive
light sources, and illumination light sources, Also, an efficient light emitting diode that
emits white light can be realized by using a fluorescent material or combining light
emitting diodes of various colors.

[3] Parasitic capacitance can form between the p-n junctions of a light emitting diode.
However, there is a problem that luminance of a certain region is reduced due to the

influence of parasitic capacitance.
Disclosure of Invention

Technical Problem

(4] One or more example embodiments provide a display apparatus for compensating for
luminance reduction due to parasitic capacitance through the gradation of an input
signal, a control method and a compensation coefficient calculation method thereof.
Solution to Problem

[5] According to an aspect of an exemplary embodiment, there is provided a display
apparatus including: a display panel comprising a plurality of light emitting elements; a
storage configured to store a plurality of compensation coefficients corresponding to a
plurality of gray levels according to a parasitic capacitance of a light emitting element
from among the plurality of light emitting elements; and a processor configured to
obtain a compensation coefficient from among the plurality of compensation coef-
ficients based on at least one of a position of a scan line and a gray level of scan data,
to compensate the gray level of the scan data based on the compensation coefficient,
and drive the light emitting element based on the compensated gray level.

[6] The processor may be further configured to raise the gray level of the scan data based

on the compensation coefficient, and to control a time for which the current is applied
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to the light emitting element based on the raised gray level.

In response to the current being applied, the parasitic capacitance of the light
emitting element may increase in a form of a time constant, and the plurality of com-
pensation coefficients may be determined based on a plurality of modeled time
constants modeled for the plurality of gray levels according to the parasitic capacitance
of the light emitting element.

The plurality of light emitting elements may include a plurality of light emitting
diodes (LEDs) divided into a plurality of LED areas, the processor may include a
plurality of LED drivers for driving the plurality of LED areas, and the processor may
be further configured to obtain the compensation coefficient from the storage a gray
level of scan data of a first scan line of an LED area from among the plurality of LED
areas.

The processor may be further configured to obtain the compensation coefficient from
the storage based on a gray level of scan data of a current scan line and a gray level of
scan data of at least one previous scan line.

The processor may be further configured to: determine a difference between the gray
level of the scan data of the current scan line and the gray level of the scan data of the
at least one previous scan line, and in response to the difference being greater than or
equal to a threshold value, obtain the compensation coefficient from the storage, and
compensate the gray level of the scan data of the current scan line based on the com-
pensation coefficient.

The light emitting element may include a plurality of sub pixels, and the processor is
further configured to compensate the gray level of the scan data based on a com-
pensation coefficient corresponding to each of the plurality of sub pixels.

The light emitting element may be a light emitting diode (LED), and the parasitic ca-
pacitance is generated in a P-N junction within the LED.

According to an aspect of another example embodiment, there is provided a method
of obtaining a compensation coefficient of a light emitting element from among a
plurality of light emitting elements of a display panel, the method including: de-
termining an output luminance of a test image displayed on the display panel;
modeling a parasitic capacitance of the light emitting element from among the plurality
of light emitting elements for a plurality of gray levels based on a gray level of the test
image and the output luminance; and determining a compensation coefficient for com-
pensating for a luminance reduction based on the modeled parasitic capacitance.

The parasitic capacitance of the light emitting element may increase in a form of a
time constant in response to a current being applied to the light emitting element, the
modeling the parasitic capacitance may include modeling a plurality of time constants

according to the parasitic capacitance of the light emitting element corresponding to a
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plurality of gray levels of an input signal, and the determining the compensation co-
efficient may include determining the compensation coefficient according to the time
constant based on the modeled plurality of time constants.

The light emitting element may include a red light emitting diode (LED), a green
LED, and a blue LED, the modeling of the parasitic capacitance may include modeling
a time constant according to the parasitic capacitance charged in an LED of a scan line
displaying the test image according to application of a current, and the determining the
compensation coefficient may include determining the compensation coefficient with
respect to a gray level of the scan line based on the modeled time constant.

According to an aspect of another example embodiment, there is provided a method
of controlling a display apparatus which stores a plurality of compensation coefficients
corresponding to a plurality of gray levels based on a parasitic capacitance of a light
emitting element from among a plurality of light emitting elements included in a
display panel, the method including: obtaining a compensation coefficient for com-
pensating a gray level of scan data based on at least one of a position of a scan line and
a gray level of scan data; and compensating the gray level of the scan data based on the
compensation coefficient.

The compensating the gray level of the scan data may include: raising the gray level
of the scan data based on the compensation coefficient; and controlling a time for
which a current is applied to the light emitting element based on the raised gray level.

The parasitic capacitance of the light emitting element may increase as a time
constant in response to a current being applied, and wherein the compensation co-
efficient for the gray level is calculated based on a modeled time constant obtained by
modeling the time constant for a plurality of gray levels of an input signal according to
the parasitic capacitance of the light emitting element.

The plurality of light emitting elements may include a plurality of light emitting
diodes (LEDs) divided into a plurality of LED areas, the plurality of LED areas may be
driven by a plurality of LED drivers, and the gray level of the scan data may
correspond to a first scan line of an LED area of the plurality of LED areas.

The obtaining the compensation coefficient may further include obtaining the com-
pensation coefficient based on a gray level of scan data of a current scan line and a
gray level of scan data of at least one previous scan line.

The method may further include: determining a difference between the gray level of
the scan data of the current scan line and the gray level of the scan data of the at least
one previous scan line; and in response to the difference being greater than or equal to
a predetermined threshold value, acquiring the compensation coefficient.

The light emitting element may include a plurality of sub pixels, and the com-

pensating the gray level of the scan data may include compensating the gray level of
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the scan data based on a compensation coefficient corresponding to each of the

plurality of sub pixels.
The light emitting element may be a light emitting diode (LED), and the parasitic ca-

pacitance may be generated in a P-N junction within the LED.
Advantageous Effects of Invention

As described above, according to various embodiments of the present invention, it is
possible to compensate for the luminance reduction due to the influence of the parasitic
capacitance.
Brief Description of Drawings

The above and/or other aspects will become more apparent from the following de-
scription of example embodiments, taken in conjunction with the accompanying
drawings, in which:

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

FIGS. 2A and 2B are block diagrams illustrating a configuration of a display
apparatus according to an example embodiment;

FIG. 3 is a diagram illustrating an LED dimming method according to an example
embodiment;

FIG. 4 is a diagram illustrating a form of a time constant according to an example
embodiment;

FIGS. 5, 6, and 7 are diagrams illustrating an influence of a parasitic capacitance
according to an example embodiment;

FIGS. 8A and 8B are diagrams illustrating a gray level compensation method of an
image according to an example embodiment;

FIGS. 9, 10A, 10B, 10C, 10D, and 10E are diagrams illustrating a method for cal-
culating compensation coefficient according to an example embodiment; and

FIGS. 11, 12A and 12B are diagrams illustrating a gray level compensation method

of a display apparatus according to an example embodiment.

Best Mode for Carrying out the Invention

Mode for the Invention

Hereinafter, example embodiments will be described in detail with reference to the
accompanying drawings.

Herein, the term “and/or” includes any and all combinations of one or more of the as-
sociated listed items. Also, 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.
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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 may be realized in the form of the display apparatus 100
includes a display panel 110 including a plurality of display modules 110-1, 110-2,
110-3, 110-4, ..., 110-n which are physically connected to each other. In this example,
each of the plurality of display modules 110-1, 110-2, 110-3, 110-4, ..., 110-n may
include a number of pixels arranged in a matrix form, for example, self-luminous
pixels. Specifically, each of the display apparatus modules 110-1, 110-2, 110-3, 110-4,
..., 110-n may be implemented as an LED module in which each of a number of pixels
is realized as an LED pixel, or an LED cabinet in which a plurality of LED modules
are connected to each other, but the example is not limited thereto. For example, a
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 cabinet for the convenience of explanation.

The LED is an optical semiconductor element which converts electrical energy to
light energy. The LED is a kind of p-n junction diode. A principle of light generation
includes electrons in an n region moving to a p region by current supplied from the
outside. After electrons and holes recombine in the p-n junction, the electrons are
reduced to their base state and emit energy or light. In this example, the wavelength
band of the emitted light is formed based on the energy band value, and the color of
light is determined based on the wavelength.

In example embodiments, the LED internal p-n junction may be formed of an ion
layer, and the ion layer forms an insulator between the p-type semiconductor and the n-
type semiconductor to form a parasitic capacitance between the p-n junctions. For
example, the parasitic capacitance generated by LEDs can appear in two forms. When
reverse bias is applied, the deletion capacitance is mainly caused by the increase of the
depletion region, and when forward bias is applied, the charge storage capacitance is
mainly caused by the electrolytic accumulation effect inside the LED. For convenience
of explanation, examples in which the LED forward bias is applied among the two
parasitic capacitances is considered in this specification. The charge accumulation ca-
pacitance due to the forward bias has a characteristic of being increased by the forward
voltage.

When current is applied to the LED, the parasitic capacitance charged in the LED of
a certain scan line will then affect the LED of at least one scan line. In the case of the
LED of the first scan line in which the current is first applied, there is a problem that

the brightness is darker than the LEDs of other scan lines. This also occurs in the scan



WO 2018/131759 PCT/KR2017/006791

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

period in which the gradation of the input signal (or input image) changes rapidly.
Hereinafter, various example embodiments for reducing the phenomenon will be
described with reference to the drawings.

FIGS. 2A and 2B are block diagrams illustrating a configuration of a display
apparatus according to an example embodiment.

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

The display apparatus 110 includes a plurality of display modules. Specifically, the
display panel 110 may be formed such that at least one display module, for example,
display modules 110-1, ..., 110-n (n>1), are connected to each other and assembled. In
this example, 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 panel 110 may be realized as a
plurality of LED modules (each 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 LED pixel may be realized as an RGB LED, and the
RGB LED may also include a red (R) LED, a green (G) LED, and a blue (B) LED.
However, in some example embodiments, the display panel 110 may be also realized
as one display module.

The processor 130 drives the display panel 110. In this case, the processor 130 may
be implemented to include an analog driver IC or a digital driver IC for panel driving.
In particular, when the processor 130 is implemented as a DSP, it may be implemented
in the form of a digital driver IC and one chip.

However, for convenience of description, hereinafter, it is assumed that the panel
driver 140 is implemented separately from the processor 130.

The panel driver 140 drives a display panel 110 according to a control of the
processor 130. For example, the panel 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 panel 110 according to a control of the processor 130, to thereby drive
each LED pixel.

FIG. 2B is a block diagram illustrating details of the display apparatus in FIG. 2A,
according to an example embodiment. Description of some elements of FIG. 2B
overlapped with the elements of FIG. 2A is omitted below.

The display panel 110 is formed so that the gate lines GL1 to GLn and the data lines
DL1 to DLm intersect with each other, and that R, G, and B sub-pixels PR, PG, and PB
are formed in the intersections thereof. The adjacent R, G, and B subpixels PR, PG,
and PB form one pixel. That is, each pixel includes an R subpixel PR representing red

R, a G subpixel PG representing green G, and a B subpixel PB representing blue B,
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and thereby the color of the object is reproduced in three primary colors of red (R),
green (G), and blue (B).

The panel driver 140 may include a timing controller 141, a data driver 142, and a
gate driver 143.

The timing controller 141 may receive an input signal IS, a horizontal synchronizing
signal Hsync, a vertical synchronizing signal Vsync and a main clock signal MCLK
from the outside, and generate an image data signal, a scanning control signal, a data
control signal, a data control signal, a light emission control signal, and the like to the
display panel 110 and provide the generated signals to the display panel 110, the data
driver 142, the gate driver 143, and the like.

The data driver 142 may generate a data signal. The data driver 142 receives image
data of an R/G/B component from the processor 130 and generates a data signal. The
data driver 142 applies data signals generated in connection with the data lines DL1,
DL2, DL3, ..., DLm of the display panel 110 to the display panel 110.

The gate driver 143 (or scan driver) may generate a gate signal (or scan signal). The
gate driver 143 is connected to the gate lines GL1, GL2, GL3, ..., GLn) to transmit the
gate signal to a column of the display panel 110. The data signal output from the data
driver 142 is transmitted to the pixel to which the gate signal is transmitted.

Referring back to FIG. 2B, the panel driver 140 may control the brightness of the
light source, that is, the LED element, using pulse width modulation (PWM) in which
a duty ratio is variable, or control the brightness of the LED element by varying the
intensity of the current. Here, the PWM controls the ratio of lighting and lights-out of
the light sources, and the duty ratio (%) thereof is determined according to the
dimming value input from the processor 130.

The panel driver 140 may be implemented with a plurality of LED driving modules.
According to example embodiments, each of a plurality of LED driving modules may
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 example embodiments, each sub processor and driving module may be
embodied as hardware, software, firmware and/or an integrated chip (IC). According to
an example embodiment, each sub processor may be a separate semiconductor IC.

Each of the plurality of LED driving modules may include at least one LED driver to
control a current applied to the LED element. The LED driver may be included in each
of a plurality of LED areas including a plurality of LED elements. In this example, the
LED area may be an area that is smaller than the LED module mentioned above. For
example, one LED module may be divided into a plurality of LED areas including the
predetermined number of LED elements, and each of the plurality of LED areas may

include an LED driver. In this example, a current control may be performed for each
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area. However, the example is not limited thereto, and the LED driver may also be
included on an LED module basis.

According to an example embodiment, the LED driver may be disposed at the rear
end of the power supply and receive a voltage from the power supply. However,
according to another example embodiment, the LED driver may receive a voltage from
a separate power supply device. Alternatively, in example embodiments it is also
possible that the switch mode power supply (SMPS) and the LED driver are realized in
the form of one integrated module.

The LED driver according to one example embodiment may use a PWM method
which controls brightness by adjusting a width of frequency. That is, the LED driver
may express various gray levels of an image using a dimming method which adjusts
the width of a frequency.

FIG. 3 is a diagram to illustrate an PWM dimming method according to an example
embodiment.

Referring to FIG. 3, when implementing a gray level of an input signal, the same pre-
determined current (IFREL) is applied to each pixel and a current application duty
(D)that is, current application time (tp), is controlled to be different per gradation of
each pixel in a predetermined time interval (T), and thereby the gradation of the corre-
sponding pixel is expressed. In this example, the current application time in a prede-
termined time interval may be realized as a continuous application time or the sum of
non-continuous application time. In this example, a predetermined current is de-
termined based on the characteristics of a plurality of light emitting elements included
in the display panel 110 when the corresponding display apparatus 100 is manu-
factured.

For example, as illustrated in FIG. 3, high-gradation pixels may adjust the current ap-
plication time to be relatively long, while low-gradation pixels may shorten the current
application time during a predetermined dimming interval. However, in some example
embodiments, an analog dimming method of adjusting the intensity of the current
according to the gradation of the input signal may be used.

Referring back to FIG. 2A, the storage 120 stores various data required for operation
of the display apparatus 100.

For example, the storage 120 may be an internal memory such as a read-only
memory (ROM), a random access memory (RAM) included in the processor 130, or a
memory separate from the processor 130. In example embodiments, the storage 120
may be a memory embedded in the display apparatus 100, or may be a memory that
may be detached from the display apparatus 100 according to the usage of data storage.

For example, data for driving the display apparatus 100 may be stored in a memory

embedded in the display apparatus, and data for an extension function of the display
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apparatus 100 may be stored in a memory that may be detached from the display
apparatus 100. The memory embedded in the display apparatus 100 may be a non-
volatile memory, a volatile memory, a hard disk drive (HDD), a solid state drive
(SDD), or the like, and the memory that may be detached from the display apparatus
100 may be a memory card (e.g., a micro secure digital (SD) card or a universal serial
bus (USB) memory), an external memory that is connectable to a USB port (e.g., a
USB memory), and the like.

In particular, the storage 120 stores a compensation coefficient for compensating for
the luminance unbalance due to the parasitic capacitance of the light emitting element.
For example, the compensation coefficient for each gray level for compensating the
luminance unbalance according to the parasitic capacitance of the light emitting
element may be stored.

Here, the compensation coefficient for each gray level may be a compensation co-
efficient calculated for each gray level based on the modeled time constant generated
by modeling the time constant t for each gray level of the input signal according to the
parasitic capacitance of the light emitting element. Here, the x-axis defining the time
constant may be a scan line, and the y-axis can be a parasitic capacitance accumulated
in each scan line.

In general, the time constant t refers to a constant that is used to determine the state
of a phenomenon in a transient period until an output signal reaches a normal state
when an input signal to an electric circuit is changed. An example is illustrated in FIG.
4.

According to the example shown in FIG. 4, when the current (is) is applied, the
parasitic capacitance of the light emitting element of each scan line has a characteristic
of being increased in the form of a time constant t as shown in FIG. 4. That is, when
the current starts to be applied to the first scan line, the parasitic capacitances of the re-
spective light emitting elements increase in the form of the time constant T in the order
of the first scan line, the second scan line, the third scan line, and reach a normal state
in a specific scan line (for example, the fourth scan line), so that each light emitting
element in the scan line after a certain scan line has a parasitic capacitance in a normal
state.

Here, the case where the current is applied to the first scan line may be a case where
a current is applied to the first scan line in the LED area driven by one LED driver, for
example. In addition, the case may be a case where a current is not applied (for
example, gray level 0) up to the previous scan line according to the gray level of the
input signal and a current is applied (for example, gray level 255) to a specific scan
line.

On the other hand, the parasitic capacitance accumulated in each scan line affects at
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least one scan line thereafter.

For example, in the LED panel structure illustrated in FIG. 5, the parasitic ca-
pacitance generated in each LED of LEDs 511, 512, 513 and 514 of a first scan line
affects at least each LED of LEDs 521, 522, 523 and 524 of a second scan line. That is,
even if the same current is applied, each LED of the second scan line emits light with
relatively brighter brightness than each LED of the first scan line due to the parasitic
capacitance generated in each LED of the first scan line.

For example, as illustrated in FIG. 6, the LED of the first scan line (line 1) receives a
relatively small current during the dimming time t1 because the output signal reaches
the normal state based on the time constant, but the LED of the second scan line
receives a relatively larger current than the LED of the first scan line due to the
parasitic capacitance generated in the LED of the previous scan line. Accordingly, the
LED of the first scan line emits light with a darker brightness than the LED of the
other scan lines.

Here, the first scan line may be the first scan line of the LED pixel region corre-
sponding to one LED driver. That is, this phenomenon occurs due to the hardware
structure.

Similar phenomena are also caused by the gray level of the input signal (or the input
image).

For example, as illustrated in FIG. 7, an area 710 corresponding to the first scan line
in the LED pixel area 700 corresponding to one LED driver is illuminated with darker
brightness than the LEDs of the remaining scan lines having the same gray level due to
the above-described hardware structure.

However, in the LED pixel area 700 corresponding to one LED driver, not only the
first scan line 710 but also other portions emit light with darker brightness than the
LEDs of the remaining scan lines having the same gray level due to the gray level
characteristics of the image.

In some example embodiments, the corresponding LED pixel area 700 includes a
dark gray level area and a bright gray level area, and suddenly changes from a dark
gray level to a bright gray level in the scan line direction. In the bright gray level area
720, the current is suddenly applied in the area 721, for example, the first scan line of
the bright gray level area 720. Thus, the LED of the scan line emits light with a darker
brightness than the LEDs of the remaining scan lines 722, 723, 724, and 725 in the
same gray level area.

That is, even if the panel driver 140 applies the same current for the same time to the
first to fifth scan lines 721, 722, 723, 724, and 725 of the same gray level, the LED of
the first scan line 721 emits light at a darker luminance than the LEDs of the remaining

scan lines.
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Because the current is suddenly applied even in the areas 731, 741, and 751, the
LEDs emit light with darker brightness than the LEDs of the remaining scan lines
having the same gray level. That is, because the areas 721, 731, 741, and 751 are not
affected by the parasitic capacitance accumulated before, relatively less current is
applied than other scan lines having the same gray level.

Accordingly, according to an example embodiment, it is possible to perform
luminance compensation by adjusting the gray level of an image displayed on an area
having a dark brightness due to a hardware structure of the panel or a gray level char-
acteristic of an input signal, that is, a scan line having a dark brightness. In addition, a
compensation coefficient for compensating the gray level of the image is calculated in
advance and stored in the storage 120. An example method of calculating the com-
pensation coefficient for compensating the gray level of the image is described below.

In addition, the storage 120 may store a luminance correction coefficient for each
pixel, information on a binning group, information on a maximum luminance per pixel,
information on a color per pixel, and the like. In this example, the binning group may
be a group of LED pixels having the same characteristics (luminance, color coordinate,
etc.) as much as possible for LED pixels.

For example, in order to match the maximum luminance to the target luminance to a
uniformity characteristic between a plurality of LED pixels, the luminance is adjusted
down through calibration using a luminance correction coefficient. In this example, the
luminance 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
luminance correction coefficients to each pixel so that the maximum luminance
becomes the target luminance. In addition, the target luminance may be implemented
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 uniformity.

In addition, the storage 120 may also store information on the number of pixels
included in each of a plurality of display modules, the size of pixels, and interval
between pixels.

According to another example embodiment, the above-mentioned information (for
example, compensation coefficient) stored in the storage 120 may not be stored in the
storage 120, but may be acquired from an external device. For example, some in-
formation may be received from an external device, such as a set-top box, external
server, user terminal, and the like, in real time.

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.
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In addition, the processor 130 may include a graphic processing unit to perform
graphic processing corresponding to the image. The processor 130 may be im-
plemented 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.

The processor 130 may obtain the compensation coefficient from the storage 120
based on at least one of the position of the scan line and the gray level of the scan data
and compensate the gray level of the scan data based on the obtained compensation co-
efficient.

Here, the compensation coefficient for each gray level may be a compensation co-
efficient calculated based on a modeled time constant generated by modeling the time
constant T for each gray level of the image according to the parasitic capacitance of the
light emitting element.

The processor 130 may compensate for the gray level of the scan data displayed in
the first scan line according to the hardware structure or a specific scan line according
to the gray level of the input signal. Specifically, the processor 130 may obtain the cor-
responding compensation coefficient based on the gray level of the scan data of the
first scan line according to the hardware structure or the gray level of the input signal
from the storage 120 and compensate for the gray level of the scan data based on the
obtained compensation coefficient.

For example, the processor 130 may obtain a compensation coefficient from the
storage 120 based on the gray level of the scan data of the first scan line of each of the
plurality of LED areas driven by each of a plurality of LED drivers. Subsequently, the
processor 130 may compensate for the gray level of the corresponding scan data based
on the obtained compensation coefficient. However, it is needless to say that the gray
level of the scan data can be compensated not only for the first scan line but also for at
least one subsequent scan line, for example, the second scan line.

As another example, the processor 130 may obtain the compensation coefficient from
the storage 120 based on the gray level of the scan data of each of the current scan line
and at least one of the previous scan lines and compensate the gray level of the scan
data based on the obtained compensation coefficient.

Specifically, in an example in which a difference in gray level of the scan data of
each of the current scan line and at least one previous scan line is greater than or equal
to a predetermined threshold value, the processor 130 may obtain a compensation co-
efficient from the storage 120.

For example, if the scan data of gray level O is displayed up to the previous scan line
based on the 8-bit image, and the scan data of gray level 255 is displayed from the
current scan line, the current scan line may be darkened because there is no ac-

cumulated parasitic capacitance to the previous scan line. Therefore, the compensation
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coefficient corresponding to the scan data of the current scan line may be obtained to
compensate the gray level of the current scan line.

When the gray level of the scan data is compensated, the processor 130 may adjust a
current application duty applied to the LED based on the compensated gray level and
adjust the current application time. In this example, the current application time in a
predetermined time interval may be a continuous application time or the sum of non-
continuous application time.

For example, in the image illustrated in FIG. 7, when the brighter gray level area 720
includes five scan lines 721, 722, 723, 724, and 725, the current applied to each of the
scan lines 721, 722, 723, 724, and 725 may have the form as illustrated in FIG. 8A. As
can be seen in the example of FIG. 8A, a relatively low current is applied to the LED
of the first scan line 721. Accordingly, the image of the first scan line 721 is displayed
with a darker brightness than the images of the other scan lines 722 to 724.

In this example, the processor 130 may adjust the gray level of the image displayed
in the first scan line 721 to have the same brightness as the images of the other scan
lines 722 to 724.

In other words, as illustrated in FIG. 8B, the processor 130 may increase the
dimming time from t1 to t2 according to the compensated gray level. That is, the
current may be applied for the time t2 for the first scan line 721, and the current may
be applied for the time t1 for the remaining scan lines 722 to 724 so that the gray levels
of the images of the first scan line 721 and the remaining scan lines 722 to 724 can be
displayed differently. In this example, all of the scan lines 721 to 724 within the
brighter gray level area 720 are displayed to have the same gray level, that is, the same
brightness, to the user according to the influence of the parasitic capacitance described
above.

Hereinafter, an example method for compensating for the gray level of the image
according to an example embodiment will be explained.

FIG. 9 is a flowchart illustrating a method for calculating a compensation coefficient
according to an example embodiment.

As illustrated in FIG. 9, the calculation of the compensation coefficient may be
performed in a processor or the like of the external device.

According to FIG. 9, first, the time constant T for each gray level is modeled at
operation S910.

For example, as illustrated in FIG. 10A, it is possible to model the time constant t
according to the increase of the scan line by displaying an image of a specific gray
level for each sub pixel. In the illustrated example embodiment, the first image 1010
includes a red image from the first line to the tenth line, a black image from the 11th
line to the 15th line, and a red image from the 16th line to the 30th line. The second
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image 1020 includes a green image from the first line to the tenth line, a black image
from the 11th line to the 15th line, and a green image from the 16th line to the 30th
line. The third image 1030 includes a blue image from the first line to the tenth line, a
black image from the 11th line to the 15th line, and a blue image from the 16th line to
the 30th line.

In this example, the input signal may be a form illustrated in FIG. 10B. In FIG. 10A,
it is assumed that the respective gray levels of the first to third images 1010 to 1030 are
different. As shown in FIG. 10B, the input gray level 1011 may correspond to the first
image 1010, the input gray level 1021 may correspond to the second image 1020, and
the input gray level 1031 may correspond to the third image 1030.

In this example, the output gray levels of the first to third images 1010 to 1030 are as
illustrated in FIG. 10C due to the influence of the parasitic capacitance described
above. That is, the first and 16th lines of each of the first to third images 1010 to 1030
have no parasitic capacitance charged in the previous line and the output luminance is
lower than other lines displaying the same gray level. As shown in FIG. 10C, the
output gray level 1012 may correspond to the first image 1010, the output gray level
1022 may correspond to the second image 1020, and the output gray level 1032 may
correspond to the third image 1030.

To solve the problem, the influence of the parasitic capacitance in each of the lines
may be modeled.

For example, the influence of the parasitic capacitance in each line may be modeled
in the form illustrated in FIG. 10D. In other words, the parasitic capacitance charged in
the LED of each line and affecting at least one subsequent line gradually increases to
reach a normal state, so that the parasitic capacitance in the LED of each line can be
modeled as a time constant t. As shown in FIG. 10D, the parasitic capacitance 1013
may correspond to the first image 1010, the parasitic capacitance 1023 may correspond
to the second image 1020, and the parasitic capacitance 1033 may correspond to the
third image 1030.

For example, the parasitic capacitance gradually increases in the order of the first
line, the second line and the third line to reach the normal state by the fourth line. Sub-
sequently, since the current is not applied to the LED element from the eleventh line in
which the black image is displayed, the charged parasitic capacitance gradually
discharges to reach the normal state in the 13th line, and thereafter gradually increases
from the sixteenth line to reach the normal state by the 19th line.

Subsequently, the time constant t-based gray level compensation coefficient is de-
termined at operation S920. That is, as illustrated in FIG. 10D, when the influence of
the parasitic capacitance in each line is modeled in the form of the time constant T, the

time constant t-based gray level compensation coefficient in each line is calculated as
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illustrated in FIG. 10E based on the time constant t. In other words, a gain value for
compensating for the gray level due to the influence of the parasitic capacitance in
each line may be calculated.

For example, in FIG 10E, the compensation coefficient for the gray level of the first
line with respect to the gray level 50 of blue LED may be about 1.5, the compensation
coefficient for the gray level of the second line may be about 1.2, and the com-
pensation coefficient for the gray level of the third line may be about 1.1. Thus, the
compensation coefficient can be calculated for each gray level of each line.

Herein, the compensation coefficient may be calculated in the form of a gain value.
For example, the compensation coefficient 1.5 with respect to the gray level of the blue
LED of the first line can be calculated as 50/33 when the input gray level is 50 and the
output gray level is 33.

The compensation coefficient thus calculated can be a compensation coefficient for
each line with respect to the gray level 50 of the blue LED. However, the com-
pensation coefficient in each line for the red LED and the green LED may be a value
which is almost similar to the compensation coefficient in each line with respect to the
blue LED. This is because the difference in dimming time is not large when the gray
level difference is not large and the amount of the parasitic capacitance charged during
the dimming time is not large.

However, in the case where the gray level difference is large, the compensation co-
efficient value can be changed because the difference in dimming time is large when
the gradation difference is large and the amount of parasitic capacitance charged
during the dimming time is large.

For example, the compensation coefficient for the gray level of the first line with
respect to the gray level 10 of red LED may be about 1.5, the compensation coefficient
for the gray level of the second line may be about 1.2, and the compensation co-
efficient for the gray level of the third line may be about 1.1. For example, the com-
pensation coefficient 1.5 with respect to the gray level 8 of the red LED of the first line
can be calculated as 8/5.3 when the output gray level is about 5.3.

In addition, the compensation coefficient can be calculated for each gray level or
each gray level change. In addition, a separate compensation coefficient can be
calculated also depending on the number of scan lines in which the same gray level is
displayed. Further, a separate compensation coefficient can be calculated according to
various environments that may affect the parasitic capacitance.

Subsequently, the calculated compensation coefficient is stored in the display
apparatus 100 in operation S930. In other words, the compensation coefficient
calculated in an external electronic apparatus, etc. may be provided to the display

apparatus 100, or may be transmitted to the display apparatus 100 through a com-
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municator of the external apparatus and stored in the display apparatus 100.

Herein, the compensation coefficient may be stored in various types such as a graph
form, a look-up table form, and so on, as illustrated in FIG. 10E.

The calculation of the compensation coefficient illustrated in FIG. 9 may be
performed by the external electronic apparatus (e.g., a personal computer (PC)). For
example, the external electronic apparatus may analyze an image photographed by a
colorimeter, a color difference meter, and the like to calculate a time constant t-based
gray level compensation coefficient. The calculated compensation coefficient may be
transmitted to the display apparatus 100 and stored in the display apparatus 100.
However, in some examples, an external apparatus may be provided with a camera to
generate a photographed image on its own.

FIG. 11 is a flowchart illustrating a gray level compensation method of the display
apparatus according to an example embodiment.

According to the gray level compensation method of the display apparatus illustrated
in FIG. 11, when an image is input, a gray level compensation coefficient is obtained
based on at least one of the position of the scan line and the gray level of the scan data,
at operation S1110. Subsequently, the gray level of the scan data is compensated based
on the obtained compensation coefficient, at operation S1120.

For example, when the third image 1030 of FIG. 10A is input, the gray level of the
scan data of each scan line may be compensated based on the gray level compensation
coefficient of FIG. 10E. In other words, the compensated input gray level corre-
sponding to the gray level 1031 of the input signal corresponding to the third image
1030 of FIG. 10A may be in the form of the third graph 1231 of FIG. 12A.

In addition, when the second image 1020 of FIG. 10A is input, the gray level of the
scan data of each scan line may be compensated based on the gray level compensation
coefficient of FIG. 10E. In other words, the compensated input gray level for the gray
level 1021 of the input signal corresponding to the second image 1020 of FIG. 10A
may be in the form of the second graph 1221 of FIG. 12A.

In addition, when the first image 1010 of FIG. 10A is input, the gray level of the scan
data of each scan line may be compensated based on the gray level compensation co-
efficient of FIG. 10E. In other words, the compensated input gray level based on the
gray level 1011 of the input signal shown in Fig. 10B corresponding to the first image
1010 of FIG. 10A may be in the form of the first graph 1211 of FIG. 12A.

The output gray level corresponding to the compensated input gray level as il-
lustrated in FIG. 12A becomes the form as illustrated in FIG. 12B, thereby preventing
the first line and the 16th line from being outputted dark. As shown in FIG. 12B, the
output gray level in the third graph 1232 may correspond to the compensated input
gray level in the third graph 1231, the output gray level in the second graph 1222 may



17

WO 2018/131759 PCT/KR2017/006791

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

correspond to the compensated input gray level in the second graph 1221, and the
output gray level in the first graph 1212 may correspond to the compensated input gray
level of the first graph 1211.

FIG. 12A illustrates an example of an input signal, and the gradation of an input
signal can be compensated based on a compensated gray level pre-calculated for
various input signal gray levels.

As described above, according to various example embodiments, it is possible to
compensate for the luminance reduction due to the influence of the parasitic ca-
pacitance.

As described above, according to various example embodiments, the power con-
sumption of the display apparatus can be reduced while maintaining the luminance
quality.

The methods according to various example embodiments described above can be im-
plemented by the existing display apparatus and application installable in an external
apparatus.

The methods according to various example embodiments described above can be im-
plemented by only software/hardware upgrade for existing display apparatus.

In addition, the various example embodiments described above may also be
performed through an embedded server provided in a display apparatus, or an external
server.

Further, a non-transitory computer readable medium recording therein a program or a
program code that may be executed by a computer or processor to sequentially perform
a control method according to example embodiments may be provided.

The aforementioned control methods according to the various example embodiments
may be implemented as a program code executable by a computer, and the code may
be stored in a non-transitory computer-readable medium to be executed by the
processor, and provided in a display apparatus or an external apparatus.

The non-transitory computer readable medium may refer 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, at least one 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 micro-

processors or other control apparatuses.
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Claims
A display apparatus comprising:
a display panel comprising a plurality of light emitting elements;
a storage configured to store a plurality of compensation coefficients
corresponding to a plurality of gray levels according to a parasitic ca-
pacitance of a l'ight emitting element from among the plurality of light
emitting elements; and
a processor configured to:
obtain a compensation coefficient from among the plurality of com-
pensation coefficients based on at least one of a position of a scan line
and a gray level of scan data,
compensate the gray level of the scan data based on the compensation
coefficient,and
drive the light emitting element based on the compensated gray level.
The display apparatus as claimed in claim 1, wherein the processor is
further configured to raise the gray level of the scan data based on the
compensation coefficient, and to control a time for which the current is
applied to the light emitting element based on the raised gray level.
The display apparatus as claimed in claim 1, wherein in response to the
current being applied, the parasitic capacitance of the light emitting
element increases in a form of a time constant, and
wherein the plurality of compensation coefficients are determined
based on a plurality of modeled time constants modeled for the
plurality of gray levels according to the parasitic capacitance of the
light emitting element.
The display dpparatus as claimed in claim 3, wherein the plurality of
light emitting elements comprises a plurality of light emitting diodes
(LEDs) divided into a plurality of LED areas,
wherein the processor comprises a plurality of LED drivers for driving
the plurality of LED areas, and
wherein the processor is further configured to obtain the compensation
coefficient from the storage a gray level of scan data of a first scan line
of an LED area from among the plurality of LED areas.
The display apparatus as claimed in claim 1, wherein the processor is
further configured to obtain the compensation coefficient from the
storage based on a gray level of scan data of a current scan line and a

gray level of scan data of at least one previous scan line.
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The display apparatus as claimed in claim 5, wherein the processor is
further configﬁred to:

determine a difference between the gray level of the scan data of the
current scan line and the gray level of the scan data of the at least one
previous scan line, and

in response to the difference being greater than or equal to a threshold
value, obtain the .compensation coefficient from the storage, and
compensate the gray level of the scan data of the current scan line
based on the corripensation coefficient.

The display apparatus as claimed in claim 1, wherein the light emitting
element comprises a plurality of sub pixels, and

wherein the processor is further configured to compensate the gray
level of the scan data based on a compensation coefficient corre-
sponding to each of the plurality of sub pixels.

The display apparatus as claimed in claim 1, wherein the light emitting
element is a light emitting diode (LED), and

wherein the parasitic capacitance is generated in a P-N junction within
the LED.

A method of obtaining a compensation coefficient of a light emitting
element from among a plurality of light emitting elements of a display
panel, the method comprising:

determining an output luminance of a test image displayed on the
display panel;

modeling a parasitic capacitance of the light emitting element from
among the plurality of light emitting elements for a plurality of gray

levels based on a gray level of the test image and the output luminance;

- and

determining a compensation coefficient for compensating for a
luminance reduction based on the modeled parasitic capacitance.

The method as claimed in claim 9, wherein the parasitic capacitance of
the light emitting element increases in a form of a time constant in
response to a current being applied to the light emitting element,
wherein the modeling the parasitic capacitance comprises modeling a
plurality of time constants according to the parasitic capacitance of the
light emitting element corresponding to a plurality of gray levels of an
input signal, and

wherein the determining the compensation coefficient comprises de-

termining the compensation coefficient according to the time constant
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based on the modeled plurality of time constants.

The method as claimed in claim 9, wherein the light emitting element
comprises a red light emitting diode (LED), a green LED, and a blue
LED, |

wherein the modelin g of the parasitic capacitance comprises modeling
a time constant according to the parasitic capacitance charged in an
LED of a scan line displaying the test image according to application of
a current, and

wherein the determining the compensation coefficient comprises de-
termining the compensation coefficient with respect to a gray level of
the scan line based on the modeled time constant.

A method of controlling a display apparatus which stores a plurality of
compensation coefficients corresponding to a plurality of gray levels
based on a parasitic capacitance of a light emitting element from among
a plurality of light emitting elements included in a display panel, the
method comprising:

obtaining a compensation coefficient for compensating a gray level of
scan data based on at least one of a position of a scan line and a gray
level of scan data; and

compensating the gray level of the scan data based on the compensation
coefficient.

The method as claimed in claim 12, wherein the compensating the gray
level of the scan data comprises:

raising the gray level of the scan data based on the compensation co-
efficient; and - ‘
controlling a time for which a current is applied to the light emitting
element based on the raised gray level.

The method as claimed in claim 12, wherein the parasitic capacitance
of the light emitting element increases as a time constant in response to
a current being applied, and

wherein the compensation coefficient for the gray level is calculated
based on a modeled time constant obtained by modeling the time
constant for a plurality of gray levels of an input signal according to the
parasitic capacitance of the light emitting element.

The method as claimed in claim 12, wherein the plurality of light
emitting elements comprises a plurality of light emitting diodes (LEDs)
divided into a plurality of LED areas,

wherein the plurality of LED areas are driven by a plurality of LED

SUBSTITUTE SHEET (RULE 26)
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drivers, and
wherein the gray level of the scan data corresponds to a first scan line
of an LED area of the plurality of LED areas.

SUBSTITUTE SHEET (RULE 26)
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