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(57) ABSTRACT
A signal processor and an OLED display including the same
are disclosed. In one aspect, the display includes a plurality of
pixels and a luminance deterioration calculator configured to
receive input image data and calculate luminance deteriora-
tion values of the pixels. A data compensator is configured to
calculate compensation coeflicients for each of the pixels
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G09G 3/32 (2006.01) controller configured to control the panel driver.
100
14310 16}0 1 820 1 2}0
LUMINANCE
DATA
DETERICRATION | 1D i
OMPENSAT ION
CALCULAT NG ol PUN‘S-{
UNIT DATA
PANEL p
DRIVING SCAN DISPLAY
UNIT U PANEL
JOQATIR%GL CTRL -
NI
) 125

190



US 2016/0148559 A1

May 26,2016 Sheet 1 of 6

Patent Application Publication

Gz 1 om_

o |

L ONTWI L
LINA

13Yd NY3IS | gniAtEa
AVIdSIa N
LAl LN ¥ INN
| | ONTLYINOTYD
R zo“hﬁwwmazou @71 NO1LYHOIHEL3a |
JONVN IR
omr T 051 ovL



Patent Application Publication

LD

GRAY

FIG. 2

May 26,2016 Sheet 2 of 6

160

COMPENSATON
COEFFICIENT
CALCULATING PARY

~162

CO

MAXIMUM COEFF [CIENT |

DETERMINING PART

164

MAXCO

MARGIN ADJUSTING
PART

~—166

CM

GAMMA SETTING
PART

168

GMAT
GMAZ

COMPENSATION
IMAGE DATA
GENERATING PART

{0

c0

C
169

US 2016/0148559 A1



Patent Application Publication =~ May 26, 2016 Sheet 3 of 6 US 2016/0148559 A1

GRAY

CASE3

LUt I NANCE

GRAY

CASE2

FIG. 3

LM NANCE

GRAY

e
s
CASE1

L UM INANCE
LC
iBH
LA



Patent Application Publication

FIG. 4

May 26,2016 Sheet 4 of 6

DATA

DATA

DATA

US 2016/0148559 A1

L}
B A
\\
~
\\.
\\
fan] b
bt
\
\
3
1
\
\
i
i
U
fan <C
£ ]
<t
)
a2
o0 <r
[ o]

GRAY

P3

GRAY

P2

GRAY

P1



Patent Application Publication

5

FIG.

May 26,2016 Sheet 5 of 6

<T,
l..n
S m =
-
= 5
<
3“»
=<1
o]
Qs:\,'\\
\'\'\*\\
Ay
NN o
\.\\
N
\\.
N %N,
RN
ALY
RN
-
'n-g-e
8 me
Y

US 2016/0148559 A1

GRAY

13

GRAY

12

GRAY

11



Patent Application Publication =~ May 26, 2016 Sheet 6 of 6 US 2016/0148559 A1
200
240
LVIRANGE | |, COMPENSATION  1~L.o62
DETER{ORATION COEFFICIENT
CALCULATING UNIT CALCULATING PART -
co
MAX MUK CORFE 10 1ENT 264
DETERMINING PART
NAXCO
MARGIN ADJUSTING [0
PART 0
oM
GAWMA SETTING | 1968
PART
CYAT
GYAZ
COMPENSAT | ON co
GRAY [MAGE DATA G
GENERATING PART  |d_o6g




US 2016/0148559 A1

SIGNAL PROCESSOR AND ORGANIC
LIGHT-EMITTING DIODE DISPLAY
INCLUDING THE SAME

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119 to Korean patent Application No. 10-2014-0166044
filed on Nov. 26, 2014, the disclosure of which is hereby
incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to a sig-
nal processor and an organic light emitting diode display
including the signal processor.

[0004] 2. Description of the Related Technology

[0005] An organic light-emitting diode (OLED) display
includes a plurality of pixels that display an image based on
light emitted by the pixels.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0006] One inventive aspect is an OLED display that can
decrease a luminance deviation of an output light.

[0007] Another aspect is a signal processor that can prevent
image distortion.

[0008] Another aspect is an OLED display that can include
a display panel including a plurality of pixels, a luminance
deterioration calculating unit configured to calculate lumi-
nance deterioration values of the pixels, a data compensation
unit configured to calculate compensation coefficients for
each of the pixels based on the luminance deterioration val-
ues, and configured to adjust a compensation margin based on
a maximum value of the compensation coefficients, and con-
figured to generate compensation image data by compensat-
ing input image data for each of the pixels based on the
compensation coefficient, and the compensation margin, a
panel driving unit configured to generate data signals based
on the compensation image data, and configured to provide
the data signal to the pixels, and a timing control unit config-
ured to control the panel driving unit.

[0009] In example embodiments, the luminance deteriora-
tion values increases as degrees of deterioration of the pixels
increase.

[0010] In example embodiments, the data compensation
unit includes a compensation coefficient calculating part con-
figured to calculate the compensation coefficients that offset
the luminance deterioration values, a maximum coefficient
determining part configured to determine a maximum com-
pensation coefficient that is the maximum value of the com-
pensation coefficients, a margin adjusting part configured to
adjust the compensation margin based on the maximum com-
pensation coefficient, a gamma setting part configured to
determine a first gamma curve such that a difference between
a predetermined maximum luminance value of the pixels and
a luminance value corresponding to a maximum grayscale
level in the first gamma curve is greater than the compensa-
tion margin, and configured to determine a second gamma
curve by scaling the first gamma curve with the compensation
coefficients. Finally the data compensation unit can include a
compensation image data generating part configured to gen-
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erate the compensation image data that corresponds to gray-
scale levels of the input image data using the second gamma
curve.

[0011] In example embodiments, the data compensation
unit includes a compensation coefficient calculating part con-
figured to calculate the compensation coefficients that offset
the luminance deterioration values, a maximum coefficient
determining part configured to determine a maximum com-
pensation coefficient that is the maximum value of the com-
pensation coeflicients, a margin adjusting part configured to
adjust the compensation margin based on the maximum com-
pensation coeflicient, a gamma setting part configured to
determine a first gamma curve such that a difference between
a predetermined maximum luminance value of the pixels and
a luminance value corresponding to a maximum grayscale
level in the first gamma curve is greater than the compensa-
tion margin. Finally the data compensation unit can include
compensation image data generating part configured to gen-
erate a middle image data corresponding to grayscale levels
of the input image data using the first gamma curve, and
configured to generate the compensation image data by scal-
ing the middle image data with the compensation coefficients.
[0012] Inexample embodiments, the compensation coeffi-
cient calculating part estimates an output Iuminance of light
emitted by the pixels based on the degrees of deterioration.
[0013] In example embodiments, the compensation coeffi-
cient calculating part estimates the output luminance based
on a look up table (LUT).

[0014] Inexample embodiments, the compensation coeffi-
cient calculating part calculates the compensation coeffi-
cients according to [Equation 1] below:

SF1=Lo/L

[0015] wherein, SF1 is a compensation coefficient, Lo is an
initial luminance of each pixel, and L is an output luminance
of each of the pixel.

[0016] In example embodiments, the gamma setting part
determines the first gamma curve by scaling a standard
gamma curve with a margin coefficient that is generated
based on the compensation margin.

[0017] Inexampleembodiments, the display device further
includes an application processor (AP) including the margin
adjusting part.

[0018] In example embodiments, the timing control unit
includes the compensation coefficient calculating part, the
maximum coefficient determining part, and the gamma set-
ting part.

[0019] In example embodiments, the pixels includes a
sample pixel and a normal pixel, and the luminance deterio-
ration calculating unit calculates a sample luminance deterio-
ration value of the sample pixel, and calculate a normal lumi-
nance deterioration value of the normal pixel based on the
sample luminance deterioration value to calculate the lumi-
nance deterioration values.

[0020] Inexample embodiments, the luminance deteriora-
tion calculating unit calculates the normal luminance deterio-
ration value using an interpolation technique for the sample
luminance deterioration value.

[0021] Another aspect is a signal processor that includes a
luminance deterioration calculating unit configured to calcu-
late luminance deterioration values of pixels, and a data com-
pensation unit configured to calculate compensation coeffi-
cients for each of the pixels based on the luminance
deterioration values, configured to adjust a compensation

[Equation 1]
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margin based on a maximum value of the compensation
value, and configured to generate compensation image data
by compensating input image data for each of the pixels based
on the compensation coefficient and the compensation mar-
gin.

[0022] In example embodiments, the luminance deteriora-
tion values increase as a degree of deterioration of the pixels
increases.

[0023] In example embodiments, the data compensation
unit includes a compensation coefficient calculating part con-
figured to calculate the compensation coefficients that offset
the luminance deterioration values, a maximum coefficient
determining part configured to determine a maximum com-
pensation coefficient that is the maximum value of the com-
pensation coefficients, a margin adjusting part configured to
adjust the compensation margin based on the maximum com-
pensation coefficient, a gamma setting part configured to
determine a first gamma curve such that a difference between
a predetermined maximum luminance value of the pixels and
a luminance value corresponding to a maximum grayscale
level in the first gamma curve is greater than the compensa-
tion margin, and a compensation image data generating part
configured to generate a middle image data corresponding
grayscale levels of input image data using to the first gamma
curve, and configured to generate the compensation image
data by scaling the middle image data with the compensation
coefficient.

[0024] In example embodiments, the compensation coeffi-
cient calculating part estimates an output luminance of light
emitted by the pixels based on the degrees of deterioration.
[0025] In example embodiments, the compensation coefli-
cient calculating part estimates the output luminance based
on a look up table (LUT).

[0026] In example embodiments, the compensation coeffi-
cient calculating part calculates the compensation coeffi-
cients according to [Equation 2] below:

SF1=Lo/L

[0027] wherein, SF1 is a compensation coefficient, Lo is an
initial luminance of each pixel, and L is an output luminance
of each pixel.

[0028] In example embodiments, the gamma setting part
determines the first gamma curve by scaling a standard
gamma curve with a margin coefficient that is generated
based on the compensation margin.

[0029] In example embodiments, the pixels include a
sample pixel and a normal pixel. The luminance deterioration
calculating unit can calculate a sample luminance deteriora-
tion value of the sample pixel and calculate a normal lumi-
nance deterioration value of the normal pixel based on the
sample luminance deterioration value to calculate the lumi-
nance deterioration value.

[0030] Another aspect is an organic light-emitting diode
(OLED) display comprising a display panel including a plu-
rality of pixels and a luminance deterioration calculator con-
figured to receive input image data and calculate luminance
deterioration values of the pixels. The display also includes a
data compensator configured to i) calculate compensation
coefficients for each of the pixels based at least in part on the
luminance deterioration values, ii) adjust a compensation
margin based at least in part on the maximum value of the
compensation coefficients, and iii) generate compensation
image data for each of the pixels based at least in part on the
compensation coefficients and the compensation margin. The

[Equation 2]
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display also includes a panel driver configured to generate
data signals based at least in part on the compensation image
data and transmit the data signal to the pixels and a timing
controller configured to control the panel driver.

[0031] In the above display, the luminance deterioration
calculator is further configured to increase the luminance
deterioration values as degrees of deterioration of the pixels
increase.

[0032] In the above display, the pixels have a predeter-
mined maximum luminance value, wherein the data compen-
sator includes: a compensation coefficient calculator config-
ured to calculate the compensation coefficients so as to offset
the luminance deterioration values; a maximum coefficient
determining portion configured to determine a maximum
compensation coefficient including the maximum value of
the compensation coefficients; a margin adjuster configured
to adjust the compensation margin based at least in part on the
maximum compensation coefficient; a gamma setting portion
configured to 1) determine a first gamma curve such that the
difference between the predetermined maximum luminance
value and a luminance value corresponding to a maximum
grayscale level in the first gamma curve is greater than the
compensation margin and ii) scale the first gamma curve
based at least in part on the compensation coefficients so as to
determine a second gamma curve; and a compensation image
data generator configured to generate the compensation
image data corresponding to grayscale levels of the input
image data based at least in part on the second gamma curve.

[0033] In the above display, the pixels have a predeter-
mined maximum luminance value, wherein the data compen-
sation portion includes: a compensation coefficient calculator
configured to calculate the compensation coefficients so as to
offset the luminance deterioration values; a maximum coef-
ficient determining portion configured to determine a maxi-
mum compensation coefficient including the maximum value
of the compensation coefficients; a margin adjuster config-
ured to adjust the compensation margin based at least in part
on the maximum compensation coefficient; a gamma setting
portion configured to determine a first gamma curve such that
the difference between the predetermined maximum lumi-
nance value and a luminance value corresponding to a maxi-
mum grayscale level in the first gamma curve is greater than
the compensation margin; and a compensation image data
generator configured to 1) generate a middle image data cor-
responding to grayscale levels of the input image data based
at least in part on the first gamma curve and ii) scale the
middle image data based at least in part on the compensation
coeflicients so as to generate the compensation image data.

[0034] In the above display, the compensation coefficient
calculator is further configured to estimate an output lumi-
nanceoflightemitted by the pixels based atleast in part on the
degrees of deterioration.

[0035] In the above display, the compensation coefficient
calculator is further configured to estimate the output lumi-
nance based at least in part on a look up table (LUT).

[0036] In the above display, the compensation coefficient
calculator is further configured to calculate the compensation
coefficients according to Equation 1:

SF1=Lo/L
[0037] wherein SF1 is a compensation coefficient, Lo is an

initial luminance value of each pixel, and L is an output
luminance value of each pixel.
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[0038] In the above display, the gamma setting portion is
further configured to 1) generate a margin coefficient based at
least in part on the compensation margin and ii) scale a
standard gamma curve based at least in part the margin coef-
ficient.

[0039] The above display further comprises an application
processor (AP) including the margin adjuster.

[0040] In the above display, the timing controller includes
the compensation coefficient calculator, the maximum coef-
ficient determining portion, and the gamma setting portion.
[0041] In the above display, the pixels include a sample
pixel and a normal pixel and the luminance deterioration
calculator is further configured to i) calculate a sample lumi-
nance deterioration value of the sample pixel, ii) calculate a
normal luminance deterioration value of the normal pixel
based at least in part on the sample luminance deterioration
value, and iii) calculate the luminance deterioration values
based at least in part on the sample and normal luminance
deterioration values.

[0042] In the above display, the luminance deterioration is
further configured to interpolate the sample luminance dete-
rioration value so as to calculate the normal luminance dete-
rioration value.

[0043] Another aspect is a signal processor for an organic
light-emitting diode (OLED) display including a plurality of
pixels, comprising: a luminance deterioration calculator con-
figured to calculate luminance deterioration values of the
pixels, wherein the OLED display is configured to receive
input image data; and a data compensator configured to 1)
calculate compensation coefficients for each of the pixels
based at least in part on the luminance deterioration values, ii)
adjust a compensation margin based at least in part on the
maximum value of the compensation value, and 1ii) generate
compensation image data for each of the pixels based at least
in part on the compensation coefficients and the compensa-
tion margin.

[0044] In the above signal processor, the luminance dete-
rioration calculator is further configured to increase the lumi-
nance deterioration values as degrees of deterioration of the
pixels increase.

[0045] 1In the above signal processor, the pixels have a pre-
determined maximum luminance value, wherein the data
compensator includes: a compensation coefficient calculator
configured to calculate the compensation coefficients so as to
offset the luminance deterioration values; a maximum coef-
ficient determining portion configured to determine a maxi-
mum compensation coefficient including the maximum value
of the compensation coefficients; a margin adjuster config-
ured to adjust the compensation margin based at least in part
on the maximum compensation coefficient; a gamma setting
portion configured to 1) determine a first gamma curve such
that the difference between the predetermined maximum
luminance value and a luminance value corresponding to a
maximum grayscale level in the first gamma curve is greater
than the compensation margin; and a compensation image
data generator configured to 1) generate a middle image data
corresponding to grayscale levels of the input image data
based at least in part on the first gamma curve and ii) scale the
middle image data with the compensation coefficient so as to
generate the compensation image data.

[0046] In the above signal processor, the compensation
coefficient calculator is further configured to estimate an out-
put luminance of light emitted by the pixels based at least in
part on the degrees of deterioration.
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[0047] 1In the above signal processor, the compensation
coefficient calculator is further configured to estimate the
output luminance based at least in part on a look up table
(LUT).

[0048] 1In the above signal processor, the compensation
coefficient calculator is further configured to calculate the
compensation coefficients according to Equation:

SF1=Lo/L

[0049] wherein, SF1 is a compensation coefficients, Lo is
an initial luminance value of each pixel, and L is an output
luminance value of each pixel.

[0050] In the above signal processor, the gamma setting
portion is further configured to i) generate a margin coeffi-
cient based at least in part on the compensation margin and ii)
scale a standard gamma curve based at least in part on the
margin coefficient.

[0051] In the above signal processor, the pixels include a
sample pixel and a normal pixel, wherein the luminance dete-
rioration calculator is further configured to i) calculate a
sample luminance deterioration value of the sample pixel, ii)
calculate a normal luminance deterioration value of the nor-
mal pixel based at least in part on the sample luminance
deterioration value, and iii) calculate the luminance deterio-
ration value based at least in part on the sample and normal
luminance deterioration values.

[0052] According to at least one of the disclosed embodi-
ments, an OLED display reduces a luminance deviation of an
output light by compensating input image data based on com-
pensation coefficients

[0053] Inaddition, a signal processor according to example
embodiments can adjust a compensation margin based on a
maximum value of the compensation coefficients, thereby
preventing animage distortion that occurs by a predetermined
maximum luminance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG. 1 is a block diagram illustrating an OLED
display according to example embodiments.

[0055] FIG. 2 is a block diagram illustrating an example of
a data compensation unit included in an OLED display of
FIG. 1.

[0056] FIG. 3 is a graph for describing an image distortion
occurred due to a predetermined maximum luminance value.
[0057] FIG. 4is a graph for describing examples of gener-
ating compensation image data in the OLED display of FIG.
1.

[0058] FIG. 5 is a graph for describing examples of chang-
ing gamma curves as driving time passes.

[0059] FIG. 6 is a block diagram illustrating a signal pro-
cessor according to example embodiments.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0060] Pixels degrade as a function of driving time, and
luminance will naturally decrease as the pixels degrade. Par-
ticularly in OLED displays, the OLED in each pixel is rela-
tively sensitive to degradation, and thus, the display will have
a relatively large amount of luminance loss. And since pixels
have different rates of degradation, luminance of the emitted
light can be non-uniform, thus, emphasizing the loss of emit-
ted light.

[0061] Pixels emit light based on data signals. Therefore,
the OLED display can compensate input image data to reduce
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the effect of luminance degradation. An ideal OLED display
increases the luminance in proportion to the degree of degra-
dation. However, a typical OLED display does not increase
the luminance of the light more than a predetermined maxi-
mum luminance amount. Therefore, when the degree of dete-
rioration of the pixel is greater than this predetermined
amount, the luminance degradation cannot be further
reduced, resulting in image distortion.

[0062] Exemplary embodiments will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which various embodiments are shown. In this dis-
closure, the term “substantially” includes the meanings of
completely, almost completely or to any significant degree
under some applications and in accordance with those skilled
in the art. Moreover, “formed on” can also mean “formed
over.” The term “connected” can include an electrical con-
nection.

[0063] FIG. 1 is a block diagram illustrating an OLED
display according to example embodiments.

[0064] Referring to FIG. 1, an OLED display 100 includes
a display panel 120, a luminance deterioration calculating
unit or luminance deterioration calculator 140, a data com-
pensation unit or data compensator 160, a panel driving unit
or panel driver 180, and a timing control unit or timing con-
troller 190.

[0065] The display panel 120 includes a plurality of pixels
125. The pixels 125 can emit light based on a data signal
DATA. The pixels 125 can include the OLEDs and driving
transistors. Fach driving transistor can generate a driving
current based on the data signal DATA. Each of the OLEDs
can emit light based on the driving current. In example
embodiments, the pixels 125 include a sample pixel and a
normal pixel.

[0066] The luminance deterioration calculating unit 140
can calculate luminance deterioration values LD of the pixels
125. The luminance deterioration values LD can occur during
a manufacturing process of the pixels 125. In example
embodiments, the luminance deterioration value LD
increases as a degree of deterioration of the pixel 125
increases.

[0067] In example embodiments, the luminance deteriora-
tion calculating unit 140 calculates a sample luminance of a
sample pixel. Also, the luminance deterioration calculating
unit 140 can calculate the luminance deterioration values LD
by calculating a normal luminance deterioration value of the
normal pixel based on the sample luminance deterioration
value. In example embodiments, the luminance deterioration
calculating unit 140 calculates the normal luminance deterio-
ration value using interpolation for the sample luminance
deterioration value. For example, a first normal pixel has a
first degree of deterioration between a second degree of dete-
rioration of a first sample pixel and a second degree of dete-
rioration of a second sample pixel. The first normal pixel can
have a luminance deterioration value between a first sample
luminance deterioration value of the first sample pixel and a
second sample luminance deterioration value of the second
sample pixel. In some embodiments, a luminance deteriora-
tion calculating unit 140 calculates a normal luminance dete-
rioration value based on a linear interpolation algorithm. In
other embodiment, a luminance deterioration calculating unit
140 calculates a normal luminance deterioration value based
on a nonlinear interpolation algorithm.

[0068] The data compensation unit 160 can calculate com-
pensation coefficients for each of the pixels 125 based on the
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luminance deterioration values LD. Also, the data compen-
sation unit 160 can adjust a compensation margin based on a
maximum value of the compensation coefficients.

[0069] The data compensation unit 160 can generate com-
pensation image data by compensating input image data for
each of the pixels based on the compensation coefficient and
the compensation margin. For example, the data compensa-
tion unit 160 compensates input image data by multiplying
the compensation coefficient and the middle image data. The
compensation coefficients can increase as the luminance
deterioration values LD increase. In example embodiments,
the luminance deterioration values LD increases as the
degrees of deterioration of the pixels 125 increase. Therefore,
the compensation coeflicients can increase as the degrees of
deterioration of the pixels 125 increase.

[0070] In example embodiments, the data compensation
unit 160 includes a compensation coefficient calculating part
or a compensation coefficient calculator 162, a maximum
coefficient determining part or maximum coefficient deter-
mining portion 164, a margin adjusting part or margin
adjuster 166, a gamma setting part or gamma setting portion
168 and a compensation image data generating part or com-
pensation image data generator 169 (see FIG. 2).

[0071] The compensation coefficient calculating part can
calculate the compensation coefficients that offset the lumi-
nance deterioration values LD. In example embodiments, the
compensation coefficient calculating part estimates output
luminance of light emitted by the pixels 125 based on the
degrees of deterioration. For example, a first pixel P1 has a
first degree of deterioration, a second pixel P2 has a second
degree of deterioration, and a third pixel P3 has a third degree
of deterioration. The compensation coefficient calculating
part can estimate output luminance for the first pixel P1 based
on the first degree of deterioration. The compensation coef-
ficient calculating part can estimate output luminance for the
second pixel P2 based on the second degree and estimate
output luminance for the third pixel P3 based on the third
degree.

[0072] Inexample embodiments, the compensation coeffi-
cient calculating part estimates the output luminance based
on a look up table (LUT). The luminance that is changed
based on the degree of deterioration can be estimated by a
simulation. The LUT can be generated using the estimated
luminance. The compensation coefficient calculating part can
estimate the output luminance based on the LUT that is gen-
erated using the estimated luminance. In example embodi-
ments, the compensation coefficient calculating part calcu-
lates the compensation coefficients using a following
[Equation 1]. The luminance of the light emitted by pixels 125
can be compensated as an initial luminance using the calcu-
lated compensation coefficients.

SF1=Lo/L

[0073] where SF1 is a compensation coefficient, Lo is an
initial luminance of each pixel, and L is an output luminance
of each pixel.

[0074] The maximum coefficient determining part can
determine a maximum compensation coefficient that is a
maximum value of the compensation coefficients. The mar-
gin adjusting part can adjust the compensation margin based
on the maximum compensation coefficient.

[0075] Insome embodiments, a gamma setting part deter-
mine a first gamma curve such that the difference between a
predetermined maximum luminance value of the pixels and a

[Equation 1]
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luminance value corresponding to a maximum grayscale
level in the first gamma curve is greater than the compensa-
tion margin. Also, the gamma setting part can determine a
second gamma curve by scaling the first gamma curve with
the compensation coefficients. The number of the second
gamma curves can be substantially equal to the number of the
pixels 125. For example, the gamma setting part determines
the second gamma curves by scaling the first gamma curve
with the compensation coefficients corresponding to the pix-
els 125. The compensation image data generating part can
generate the compensation image data that corresponds to
grayscale levels of the input image data using the second
gamma curve.

[0076] Insomeembodiments, the gamma setting part deter-
mines a first gamma curve such that the difference between
the predetermined maximum luminance value and the lumi-
nance value corresponding to the maximum grayscale level in
the first gamma curve is greater than the compensation mar-
gin. The compensation image data generating part can gen-
erate the middle image data corresponding to grayscale levels
of the input image data using the first gamma curve. Also, the
compensation image data generating part can generate the
compensation image data CI by scaling the middle image data
with the compensation coefficients.

[0077] Insomeembodiments, the gamma setting part deter-
mines the first gamma curve by scaling a standard gamma
curve with a margin coefficient based on the compensation
margin. Generally, the standard gamma setting is a relation-
ship between the luminance and the grayscale level of the
input image data of which gamma value is about 2.2. The
standard gamma curve can be determined to emit the light
having luminance corresponding to the standard gamma set-
ting. Here, a gamma curve is a relationship between the
middle image data and the grayscale levels. The gamma set-
ting part can determine the first gamma curve by scaling the
standard gamma curve with the margin coefficient. That s,
the gamma setting part can determine a first gamma curve
such that the difference between the predetermined maxi-
mum luminance value and a luminance value corresponding
to a maximum grayscale level in the first gamma curve is
greater than the compensation margin. For example, the mar-
gin coefficient is less than 1. The first gamma curve can secure
the compensation margin by scaling the standard gamma
curve with the margin coefficient. Finally, the compensation
image data generating part can generate the middle image
data corresponding to grayscale levels of the input image data
using the first gamma curve.

[0078] The panel driving unit 180 can generate data signals
DATA based on the compensation image data CI. The panel
driving unit 180 can provide the data signals DATA to the
pixels 125. The panel driving unit 180 can provide scan sig-
nals SCAN to the pixels 125. The pixel 125 can receive the
data signal DATA when the scan signal SCAN is activated.
[0079] The timing control unit 190 can control the panel
driving unit 180. For example, the timing control unit 190
generates a control signal CTRL. The timing control unit 190
can provide the control signal CTRL to the panel driving unit
180.

[0080] In example embodiments, the OLED display 100
further includes an application processor (AP). In this case,
the AP can include a margin control unit. In example embodi-
ments, the timing control unit 190 includes the compensation
coefficient calculating part 162, the maximum coefficient
determining unit 164 and the gamma setting part 168.
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[0081] Therefore, the data compensation unit 160 can com-
pensate the input image data based on the compensation
coefficients. Therefore, luminance deviation of an output
light can be reduced.

[0082] FIG. 2is a block diagram illustrating an example of
the data compensation unit 160 included in an OLED display
of FIG. 1.

[0083] Referring to FIG. 2, a data compensation unit 160
includes the compensation coefficient calculating part 162,
the maximum coefficient determining unit 164, the margin
adjusting part 166, the gamma setting part 168, and the com-
pensation image data generating part 169.

[0084] The compensation coefficient calculating part 162
can calculate the compensation coefficients CO that offset
luminance deterioration values LD. In example embodi-
ments, the compensation coefficient calculating part 162 esti-
mates the output luminance of light emitted by the pixels
based on the degrees of deterioration. In example embodi-
ments, the compensation coefficient calculating part 162 esti-
mates the output luminance based on a LUT. The luminance
that is changed based on the degree of deterioration can
estimate using simulation(s). The LUT can be generated
using the estimated luminance. The compensation coefficient
calculating part 162 can estimate the output luminance based
on the LUT that is generated using the estimated luminance.
In example embodiments, the compensation coefficient cal-
culating part 162 calculates the compensation coefficients
CO by using the above [Equation 1]. The luminance of the
light emitted by pixels can be compensated as an initial lumi-
nance using the calculated compensation coefficients.

[0085] The maximum coefficient determining part 164 can
determine a maximum compensation coefficient MAXCO
that is a maximum value of the compensation coefficients.
The margin adjusting part 166 can adjust the compensation
margin CM based on the maximum compensation coefficient
MAXCO.

[0086] In some embodiments, the gamma setting part 168
determines a first gamma curve GMA1 such that the differ-
ence between the predetermined maximum luminance value
and the luminance value corresponding to the maximum
grayscale level in the first gamma curve is greater than the
compensation margin CM. Also, the gamma setting part 168
can determine a second gamma curve GMA2 by scaling the
first gamma curve GMA1 with the compensation coefficients
CO. The number of the second gamma curves GMA2 can be
substantially equal to the number of the pixels. For example,
the gamma setting part 168 determines the second gamma
curves GMA2 by scaling the first gamma curve GMA1 with
the compensation coefficients CO corresponding to the pix-
els. The compensation image data generating part 169 can
generate the compensation image data CI that corresponds to
grayscale levels GRAY of the input image data using the
second gamma curve GMAZ2.

[0087] Insome embodiments, the gamma setting part 168
determines the first gamma curve GMAL1 such that the differ-
ence between the predetermined maximum luminance value
and the luminance value corresponding to the maximum
grayscale level in the first gamma curve is greater than the
compensation margin CM. The compensation image data
generating part 169 can generate the middle image data cor-
responding to grayscale levels GRAY of the input image data
by using the first gamma curve GMAL. Also, the compensa-
tion image data generating part 169 can generate the compen-
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sation image data CI by scaling the middle image data with
the compensation coefficients CO.

[0088] In example embodiments, the gamma setting part
168 determines the first gamma curve GMA1 by scaling a
standard gamma curve with a margin coefficient that is gen-
erated based on the compensation margin CM. Generally, the
standard gamma setting is a relationship between the lumi-
nance and the grayscale level GRAY of the input image data
of which gamma value is 2.2. The standard gamma curve can
be determined to emit the light having luminance correspond-
ing to the standard gamma setting. Here, a gamma curve is a
relationship between the middle image data and the grayscale
levels GRAY. The gamma setting part 168 can determine the
first gamma curve GMALI by scaling the standard gamma
curve with the margin coefficient to secure the compensation
margin CM. Forexample, the margin coefficient is less than 1.
The first gamma curve GMA1 can secure the compensation
margin by scaling the standard gamma curve with the margin
coefficient. Finally, the compensation image data generating
part 169 can generate the middle image data corresponding to
grayscale levels GRAY of the input image data using the first
gamma curve.

[0089] FIG. 3 is a graph for describing an image distortion
occurred due to the predetermined maximum luminance
value.

[0090] Referring to FIG. 3, in CASEI1, pixels emit light
based on a first gamma curve that is not compensated. When
input image data has the maximum grayscale level, compen-
sation image data can have a value corresponding to the
maximum grayscale level using the first gamma curve. The
pixels can emit the light having a first luminance LA corre-
sponding to the maximum grayscale level using the first
gamma curve.

[0091] In CASE2, the pixels emit light based on a second
gamma curve that is compensated such that the maximum
grayscale level corresponds to a predetermined maximum
luminance (i.e., a second luminance LB). When the input
image data has the maximum grayscale level, the compensa-
tion image data can have a value corresponding to a maximum
grayscale level using the second gamma curve. The pixels can
emit the light having the second luminance LB corresponding
to the maximum grayscale level using the second gamma
curve. Here, a compensation margin can be the difference
between the first luminance LA and the second luminance LB
(ie,LB-LA).

[0092] In CASE3, the pixels can emit light based on a third
gamma curve that is compensated such that the maximum
grayscale level corresponds to a third luminance LC greater
than the predetermined maximum luminance. When the input
image data has the maximum grayscale level, the compensa-
tion image data can have a value corresponding to the maxi-
mum grayscale level using the third gamma curve. The pixels
can emit the light having the third luminance LC correspond-
ing to the maximum grayscale level using the third gamma
curve. In some embodiments, the luminance of the light emit-
ted by the pixels is not greater than the predetermined maxi-
mum luminance (i.e., the second luminance [.B). Therefore,
grayscale levels greater than a predetermined grayscale level
D can correspond to the predetermined maximum luminance
(i.e., the second luminance LB), thereby causing an image
distortion.

[0093] FIG. 41s a graph for describing examples of gener-
ating compensation image data in the OLED display of FIG.
1.
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[0094] Referring to FIG. 4, compensation image data for
the first pixel P1 of FIG. 1 is generated using a first gamma
curve GCA that is not compensated. Therefore, when the
input image data has a maximum grayscale level, the com-
pensation image data can be set as a first value DA corre-
sponding to the maximum grayscale level using the first
gamma curve GCA. When the luminance of the light emitted
by the first pixel P1 does not decrease, the compensation
image data for the first pixel P1 can be generated using the
first gamma curve GCA that is not compensated.

[0095] The compensation image data for the second pixel
P2 of FIG. 1 can be generated using a second gamma curve
GCB that is compensated such that the maximum grayscale
level corresponds to a predetermined maximum value (i.e., a
second value DB). Therefore, when the input image data has
the maximum grayscale level, the compensation image data
can be set as the second value DB corresponding to the
maximum grayscale level using the second gamma curve
GCB. When the luminance of the light emitted by the second
pixel P2 decreases more than that of the other pixels (e.g., P1,
P3), the compensation image data for the second pixel P2 can
be generated using the second gamma curve GCB that is
compensated up to the second value DB.

[0096] Also, the compensation image data for a third pixel
P3 of FIG. 1 canbe generated using a third gamma curve GCC
that is compensated such that the maximum grayscale level
corresponds to a third value DE less than the predetermined
maximum value. Therefore, when the input image data has
the maximum grayscale level, the compensation image data
can be set as the third value DE corresponding to the maxi-
mum grayscale level using the third gamma curve GCC. The
third pixel P3 can be compensated more than the first pixel P1
and less than the second pixel P2.

[0097] FIG. 5is a graph for describing examples of chang-
ing gamma curves as driving time passes.

[0098] Referring to FIG. 5, compensation image data for a
pixel is generated using one gamma curve GC in a first driving
time T1. Therefore, when input image data has the maximum
grayscale level, the compensation image data can be greater
than or substantially equal to a first value DA that is the
difference between a predetermined maximum value DB and
a first compensation margin at the first driving time T1. Also,
the compensation image data can be less than or substantially
equal to the predetermined maximum value DB.

[0099] The compensation image data for the pixel can be
generated using another gamma curve GC'ina second driving
time T2 larger than the first driving time T1. A second com-
pensation margin at the second driving time T2 can be greater
than the first compensation margin at the first driving time T1.
Thus, when the input image data has the maximum grayscale
level, the compensation image data can be greater than or
substantially equal to a second value DA’ that is the difference
between the predetermined maximum value DB and a second
compensation margin at the second driving time T2. Also, the
compensation image data can be less than or substantially
equal to the predetermined maximum value DB.

[0100] The compensation image data for the pixel can be
generated using the other gamma curve GC" in a third driving
time T3 larger than the second driving time T2. A third com-
pensation margin at the third driving time T3 can be greater
than the second compensation margin at the second driving
time T2. Therefore, when the input image data has the maxi-
mum grayscale level, the compensation image data can be
greater than or substantially equal to a third value DA" that is
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the difference between the predetermined maximum value
DB and a third compensation margin at the third driving time
T3. Also, the compensation image data can be less than or
substantially equal to the predetermined maximum value DB.

[0101] FIG. 6 is a block diagram illustrating a signal pro-
cessor according to example embodiments.

[0102] Referring to FIG. 6, a signal processor 200 includes
a luminance deterioration calculating unit or luminance dete-
rioration calculator 240 and a data compensation unit or data
compensator 260.

[0103] The luminance deterioration calculating unit 240
can calculate luminance deterioration values LD of pixels. In
example embodiments, the luminance deterioration values
LD increase during a manufacturing process of the pixels. In
example embodiments, the luminance deterioration values
LD increase as degrees of deterioration of the pixels increase.

[0104] In example embodiments, the luminance deteriora-
tion calculating unit 240 calculates a sample luminance dete-
rioration value of a sample pixel. Also, the luminance dete-
rioration calculating unit 240 can calculate the luminance
deterioration values LD by calculating a normal luminance
deterioration value of a normal pixel based on the sample
luminance deterioration value. In some embodiments, the
luminance deterioration calculating unit 240 calculates the
normal luminance deterioration value using an interpolation
for the sample luminance deterioration value. For example, a
first normal pixel has a first degree of deterioration between a
second degree of deterioration of a first sample pixel and a
second degree of deterioration of a second sample pixel. The
first normal pixel can have a luminance deterioration value
between a first sample luminance deterioration value of the
first sample pixel and a second sample luminance deteriora-
tion value of the second sample pixel. In some embodiments,
a luminance deterioration calculating unit 240 calculates a
normal luminance deterioration value based on a linear inter-
polation algorithm. In some embodiments, a luminance dete-
rioration calculating unit 240 calculates a normal luminance
deterioration value based on a nonlinear interpolation algo-
rithm.

[0105] The data compensation unit 260 can calculate com-
pensation coefficients CO for each of the pixels based on the
luminance deterioration values LD. Also, the data compen-
sation unit 260 can adjust a compensation margin CM based
on a maximum value MAXCO of the compensation coeffi-
cients CO. The data compensation unit 260 can generate
middle image data. The middle image data is a maximum
value that is dropped to a predetermined value from a prede-
termined maximum data value corresponding to the predeter-
mined maximum luminance value of output light of the pixels
based on the compensation margin CM. Therefore, in some
embodiments, the middle image data does not have a value
included in a range from the maximum value to the predetet-
mined maximum data value.

[0106] The data compensation unit 260 can generate com-
pensation image data CI by compensating input image data
for each of the pixels based on the compensation coefficient
CO and the compensation margin CM. For example, the data
compensation unit 260 compensates the input image data by
multiplying the compensation coefficient CO and the middle
image data. Therefore, the compensation coefficients CO can
increase as the luminance deterioration values LD increase.
In some embodiments, the luminance deterioration values LD
increase as the degrees of deterioration of the pixels increase.
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Therefore, the compensation coefficient CO can increase as
the degrees of deterioration of the pixels increase.

[0107] In some embodiments, the data compensation unit
260 includes a compensation coefficient calculating part or
compensation coefficient calculator 262, a maximum coeffi-
cient determining part or maximum coefficient determining
portion 264, a margin adjusting part or margin adjuster 266, a
gamma setting part or gamma setting portion 268, and a
compensation image data generating part or compensation
image data generator 269.

[0108] The compensation coefficient calculating part 262
can calculate compensation coefficients CO that offset the
luminance deterioration values LD. In example embodi-
ments, the compensation coefficient calculating part 262 esti-
mates output luminance of light emitted by the pixels based
on the degrees of deterioration. In example embodiments, the
compensation coefficient calculating part 262 estimates the
output luminance based on a LUT. Luminance thatis changed
based on the degree of deterioration can be estimated using
simulations. The LUT can be generated using the estimated
luminance. The compensation coefficient calculating part
262 can estimate the output luminance based on the LUT. In
example embodiments, the compensation coefficient calcu-
lating part 262 calculates the compensation coefficients CO
by using the above [Equation 1]. The luminance of the light
emitted by the pixels can be compensated as an initial lumi-
nance using the calculated compensation coefficients.
[0109] The maximum coefficient determining part 264 can
determine a maximum compensation coeflicient MAXCO
thatis a maximum value of the compensation coefficients CO.
The margin adjusting part 266 can adjust the compensation
margin CM based on the maximum compensation coefficient
MAXCO.

[0110] In some embodiments, the gamma setting part 268
determines a first gamma curve GMA1 such that the differ-
ence between the predetermined maximum luminance value
and the luminance value corresponding to the maximum
grayscale level in the first gamma curve is greater than the
compensation margin CM. The number of the second gamma
curves GMA?2 can be substantially equal to the number of the
pixels. For example, the gamma setting part 268 determines
the second gamma curves GMA2 by scaling the first gamma
curve GMAT1 with the compensation coefficients CO corre-
sponding to the pixels. The compensation image data gener-
ating part 269 can generate the compensation image data CI
that corresponds to grayscale levels GRAY of the input image
data using the second gamma curve GMA2.

[0111] In some embodiments, the gamma setting part 268
determines a first gamma curve GMA1 such that the differ-
ence between the predetermined maximum luminance value
and the luminance value corresponding to the maximum
grayscale level in the first gamma curve is greater than the
compensation margin CM. The compensation image data
generating part 269 can generate the middle image data cor-
responding to grayscale levels GRAY of the input image data
by using the first gamma curve GMAL. Also, the compensa-
tion image data generating part 269 can generate the compen-
sation image data CI by scaling the middle image data with
the compensation coefficients CO.

[0112] In example embodiments, the gamma setting part
268 determines the first gamma curve GMA1 by scaling a
standard gamma curve with a margin coefficient that is gen-
erated based on the compensation margin CM. Generally, the
standard gamma setting is a relationship between the lumi-
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nance and the grayscale level GRAY of an input image data
having a gamma value as about 2.2. The standard gamma
curve can be determined to emit the light having luminance
corresponding to the standard gamma setting. Here, a gamma
curve is a relationship between the middle image data and the
grayscale levels GRAY. The gamma setting part 268 can
determine the first gamma curve GMA1 by scaling the stan-
dard gamma curve with the margin coefficient. That is, the
gamma setting part 268 can determine a first gamma curve
GMALI such that the difference between the predetermined
maximum luminance value and the luminance value corre-
sponding to the maximum grayscale level in the first gamma
curve is greater than the compensation margin CM. For
example, the margin coefficient is less than 1. The first
gamma curve GMAT1 can secure the compensation margin by
scaling the standard gamma curve with the margin coeffi-
cient. Finally, the compensation image data generating part
269 can generate the middle image data corresponding to
grayscale levels GRAY of the input image data using the first
gamma curve.

[0113] The margin adjusting part 266 can adjust the com-
pensation margin CM based on the maximum compensation
coefficient MAXCO. Therefore, when the input image data is
compensated, distortion caused by the output light being
limited to the predetermined maximum luminance value can
be prevented.

[0114] Although the example embodiments describe that
the compensation coefficient is calculated by using above
[Equation 1], the method of calculating the compensation
coefficient is not limited thereto.

[0115] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the inventive technology. Accordingly, all such modifications
are intended to be included within the scope of the present
inventive concept as defined in the claims. Therefore, it is to
be understood that the foregoing is illustrative of various
example embodiments and is not to be construed as limited to
the specific example embodiments disclosed, and that modi-
fications to the disclosed example embodiments, as well as
other example embodiments, are intended to be included
within the scope of the appended claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display com-

prising:

a display panel including a plurality of pixels;

a luminance deterioration calculator configured to receive
input image data and calculate luminance deterioration
values of the pixels;

a data compensator configured to 1) calculate compensa-
tion coefficients for each of the pixels based at least in
part on the luminance deterioration values, ii) adjust a
compensation margin based at least in part on the maxi-
mum value of the compensation coefficients, and iii)
generate compensation image data for each of the pixels
based at least in part on the compensation coefficients
and the compensation margin;

a panel driver configured to generate data signals based at
least in part on the compensation image data and trans-
mit the data signal to the pixels; and

a timing controller configured to control the panel driver.
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2. The display of claim 1, wherein the luminance deterio-
ration calculator is further configured to increase the lumi-
nance deterioration values as degrees of deterioration of the
pixels increase.

3. The display of claim 2, wherein the pixels have a prede-
termined maximum luminance value, and wherein the data
compensator includes:

a compensation coefficient calculator configured to calcu-
late the compensation coefficients so as to offset the
luminance deterioration values;

a maximum coefficient determining portion configured to
determine a maximum compensation coefficient includ-
ing the maximum value of the compensation coeffi-
cients;

a margin adjuster configured to adjust the compensation
margin based at least in part on the maximum compen-
sation coefficient;

a gamma setting portion configured to 1) determine a first
gamma curve such that the difference between the pre-
determined maximum luminance value and a luminance
value corresponding to a maximum grayscale level in
the first gamma curve is greater than the compensation
margin and ii) scale the first gamma curve based at least
in part on the compensation coefficients so as to deter-
mine a second gamma curve; and

a compensation image data generator configured to gener-
ate the compensation image data corresponding to gray-
scale levels of the input image data based at least in part
on the second gamma curve.

4. The display of claim 2, wherein the pixels have a prede-
termined maximum luminance value, and wherein the data
compensation portion includes:

a compensation coefficient calculator configured to calcu-
late the compensation coefficients so as to offset the
luminance deterioration values;

a maximum coefficient determining portion configured to
determine a maximum compensation coefficient includ-
ing the maximum value of the compensation coeffi-
cients;

a margin adjuster configured to adjust the compensation
margin based at least in part on the maximum compen-
sation coefficient;

a gamma setting portion configured to determine a first
gamma curve such that the difference between the pre-
determined maximum luminance value and a luminance
value corresponding to a maximum grayscale level in
the first gamma curve is greater than the compensation
margin; and

a compensation image data generator configured to i) gen-
erate a middle image data corresponding to grayscale
levels of the input image data based at least in part on the
first gamma curve and 1i) scale the middle image data
based at least in part on the compensation coefficients so
as to generate the compensation image data.

5. The display of claim 4, wherein the compensation coef-
ficient calculator is further configured to estimate an output
luminance of light emitted by the pixels based at least in part
on the degrees of deterioration.

6. The display of claim 5, wherein the compensation coef-
ficient calculator is further configured to estimate the output
luminance based at least in part on a look up table (LUT).



US 2016/0148559 A1

7. The display of claim 5, wherein the compensation coef-
ficient calculator is further configured to calculate the com-
pensation coefficients according to Equation 1 below:

SF1=Lo/L Equation 1

wherein SF1 is a compensation coefficient, Lo is an initial
luminance value of each pixel, and L is an output lumi-
nance value of each pixel.

8. The display of claim 4, wherein the gamma setting
portion is further configured to i) generate a margin coeffi-
cient based at least in part on the compensation margin and ii)
scale a standard gamma curve based at least in part the margin
coefficient.

9. The display of claim 4, further comprising an application
processor (AP) including the margin adjuster.

10. The display of claim 9, wherein the timing controller
includes the compensation coefficient calculator, the maxi-
mum coefficient determining portion, and the gamma setting
portion.

11. The display of claim 1, wherein the pixels include a
sample pixel and a normal pixel, and

wherein the luminance deterioration calculator is further

configured to 1) calculate a sample luminance deteriora-
tion value of the sample pixel, ii) calculate a normal
luminance deterioration value of the normal pixel based
at least in part on the sample luminance deterioration
value, and iii) calculate the luminance deterioration val-
ues based at least in part on the sample and normal
luminance deterioration values.

12. The display of claim 11, wherein the luminance dete-
rioration calculator is further configured to interpolate the
sample luminance deterioration value so as to calculate the
normal luminance deterioration value.

13. A signal processor for an organic light-emitting diode
(OLED) display including a plurality of pixels, comprising:

a luminance deterioration calculator configured to calcu-

late luminance deterioration values of the pixels,
wherein the OLED display is configured to receive input
image data; and

a data compensator configured to i) calculate compensa-

tion coefficients for each of the pixels based at least in
part on the luminance deterioration values, ii) adjust a
compensation margin based at least in part on the maxi-
mum value of the compensation value, and iii) generate
compensation image data for each of the pixels based at
least in part on the compensation coefficients and the
compensation margin.

14. The signal processor of claim 13, wherein the lumi-
nance deterioration calculator is further configured to
increase the luminance deterioration values as degrees of
deterioration of the pixels increase.

15. The signal processor of claim 14, wherein the pixels
have a predetermined maximum luminance value, and
wherein the data compensator includes:
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a compensation coefficient calculator configured to calcu-
late the compensation coefficients so as to offset the
luminance deterioration values;

a maximum coefficient determining portion configured to
determine a maximum compensation coefficient includ-
ing the maximum value of the compensation coeffi-
cients;

a margin adjuster configured to adjust the compensation
margin based at least in part on the maximum compen-
sation coefficient;

a gamma setting portion configured to i) determine a first
gamma curve such that the difference between the pre-
determined maximum luminance value and a luminance
value corresponding to a maximum grayscale level in
the first gamma curve is greater than the compensation
margin; and

a compensation image data generator configured to 1) gen-
erate a middle image data corresponding to grayscale
levels of the input image data based at least in part on the
first gamma curve and 1i) scale the middle image data
with the compensation coefficient so as to generate the
compensation image data.

16. The signal processor of claim 15, wherein the compen-
sation coefficient calculator is further configured to estimate
an output luminance of light emitted by the pixels based at
least in part on the degrees of deterioration.

17. The signal processor of claim 16, wherein the compen-
sation coefficient calculator is further configured to estimate
the output luminance based at least in part on a look up table
(LUT).

18. The signal processor of claim 16, wherein the compen-
sation coefficient calculator is further configured to calculate
the compensation coefficients according to Equation 1 below:

SF1=Lo/L Equation 1

wherein, SF1is acompensation coefficients, Lois an initial
luminance value of each pixel, and L is an output lumi-
nance value of each pixel.

19. The signal processor of claim 15, wherein the gamma
setting portion is further configured to i) generate a margin
coefficient based at least in part on the compensation margin
and i) scale a standard gamma curve based at least in part on
the margin coefficient.

20. The signal processor of claim 13, wherein the pixels
include a sample pixel and a normal pixel, and

wherein the luminance deterioration calculator is further

configured to 1) calculate a sample luminance deteriora-
tion value of the sample pixel, ii) calculate a normal
luminance deterioration value of the normal pixel based
at least in part on the sample luminance deterioration
value, and ii1) calculate the luminance deterioration
value based at least in part on the sample and normal
luminance deterioration values.
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