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57) ABSTRACT

A display device includes: a deterioration amount increment
calculation unit that calculates an increment of a deteriora-
tion amount of an organic light-emitting element included in
each of pixels, based on gradation data included in image
data; a deterioration amount accumulation unit that accu-
mulates, every fixed time, the increment of the deterioration
amount calculated by the deterioration amount increment
calculation unit; and a correction unit that corrects lumi-
nance of the pixel based on a total amount of increments of
the deterioration amount accumulated by the deterioration
amount accumulation unit.
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DISPLAY DEVICE AND IMAGE DATA
CORRECTION METHOD

TECHNICAL FIELD

[0001] The present invention relates to a display device
and an image data correction method.

BACKGROUND ART

[0002] As a device that has particularly attracted attention
in recent years, there is an OELD (Organic Electro Lumi-
nescence Display). The OELD is a display device that emits
light in accordance with an electric signal and is constituted
by using an organic compound as a light-emitting substance.
The OELD naturally has excellent display characteristics
such as a wide viewing angle, a high contrast, and a
high-speed response. Moreover, the OELD may achieve
display devices from a small display device to a large
display device, which are thin, and have light weight and
high image quality, and is thus attracting attention as a
display device as a substitute for a CRT (Cathode Ray Tube)
or an LCD (Liquid Crystal Display).

[0003] Meanwhile, an organic EL element used for the
OLED has a problem of deterioration resulting from a
change over time and a temperature change.

[0004] In order to correct such deterioration, PTL 1 dis-
closes a display device having two compensation functions
of an aging compensation function and a temperature com-
pensation function in order to correct deterioration resulting
from a temperature change.

[0005] PTL 2 discloses a self-light-emitting display device
that corrects at least one of light emission luminance of at
least one pixel included in a first region where deterioration
is to be monitored and light emission luminance of at least
one pixel included in a second region so that a difference of
the light emission luminance is reduced.

[0006] PTL 3 discloses a display device that controls an
amount of current, which is supplied to a light-emitting
element, on the basis of a detection result of an optical
sensor and a voltage maintained in a capacitor.

[0007] PTL 4 discloses a display device that estimates a
luminance deterioration ratio of each display pixel by using
a luminance deterioration function derived from a light
reception signal of a reference pixel and a history of a video
signal of each display pixel.

CITATION LIST

Patent Literature

[0008] PTL 1: Japanese Unexamined Patent Application
Publication No. 2004-070349 (published on Mar. 4, 2004)
[0009] PTL 2: Japanese Unexamined Patent Application
Publication No. 2010-243895 (published on Oct. 28, 2010)
[0010] PTL 3: Japanese Unexamined Patent Application
Publication No. 2016-109914 (published on Jun. 20, 2016)
[0011] PTL 4: Japanese Unexamined Patent Application
Publication No. 2011-065047 (published on Mar. 31, 2011)

SUMMARY OF INVENTION

Technical Problem

[0012] In the display device disclosed in PTL 2, image
data is difficult to correct unless a displayed image is fixed
and a deterioration part is known in advance.

Jul. 2, 2020

[0013] Thus, in a case where a displayed image is different
each time, image data needs to be corrected by acquiring
information about deterioration of each of light-emitting
elements as in the display device disclosed in PTL 3 or PTL
4. Tn a case where the number of pixels increases due to an
increase in size of a screen and/or an increase in definition,
however, there is a problem that an amount of information
about deterioration becomes enormous and the information
about deterioration is difficult to store in a memory or the
like.

[0014] An aspect of the invention aims to achieve a
display device capable of correcting image data for a long
time period even in a case where the number of pixels is
large.

Solution to Problem

[0015] 1In order to solve the aforementioned problem, a
display device according to an aspect of the invention is a
display device including a display unit in which a plurality
of pixels each including an organic light-emitting element
are provided, and includes: a calculation unit that calculates
an increment of a deterioration amount of the organic
light-emitting element included in each of the pixels, based
on gradation data included in image data displayed in the
display unit; an accumulation unit that accumulates, every
fixed time, the increment of the deterioration amount cal-
culated by the calculation unit; and a correction unit that
corrects luminance of the pixel based on a total amount of
increments of the deterioration amount accumulated by the
accumulation unit.

[0016] An image data correction method according to an
aspect of the invention is an image data correction method
in a display device including a display unit in which a
plurality of pixels each including an organic light-emitting
element are provided, and includes: a calculation step of
calculating an increment of a deterioration amount of the
organic light-emitting element included in each of the pixels,
based on gradation data included in image data displayed in
the display unit; an accumulation step of accumulating,
every fixed time, the increment of the deterioration amount
calculated at the calculation step; and a correction step of
correcting luminance of the pixel based on the deterioration
amount accumulated at the accumulation step.

[0017] Moreover, a display device according to an aspect
of the invention is a display device including a display unit
in which a plurality of pixels each including an organic
light-emitting element are provided, and includes: a region
division unit that divides a display surface of the display umt
into a plurality of regions; a total deterioration amount
calculation unit that calculates, for each of the regions, a
total of increments of deterioration amounts of organic
light-emitting elements included in respective pixels in the
region, based on gradation data included in image data
displayed in the display unit; an average deterioration
amount calculation unit that calculates an average of the
increments of the deterioration amounts of the organic
light-emitting elements based on the total; an average accu-
mulation unit that accumulates the average; and a correction
unit that corrects luminance of the pixels based on the
average accumulated by the average accumulation unit.
[0018] Further, an image data correction method accord-
ing to an aspect of the invention is an image data correction
method in a display device including a display unit in which
a plurality of pixels each including an organic light-emitting
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element are provided, and includes: a region division step of
dividing a display surface of the display unit into a plurality
of regions; a total deterioration amount calculation step of
calculating, for each of the regions, a total of increments of
deterioration amounts of organic light-emitting elements
included in respective pixels in the region, based on grada-
tion data included in image data displayed in the display
unit; an average deterioration amount calculation step of
calculating an average of the increments of the deterioration
amounts of the organic light-emitting elements based on the
total; an average accumulation step of accumulating the
average; and a correction step of correcting luminance of the
pixels based on the average accumulated at the average
accumulation step.

Advantageous Effects of Invention

[0019] According to an aspect of the invention, an effect
of enabling to correct image data for a long time period even
in a case where the number of pixels is large is exerted.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a block diagram illustrating a configura-
tion of a display device according to Embodiment 1 of the
invention.

[0021] FIG. 2 is another block diagram illustrating the
configuration of the display device illustrated in FIG. 1.
[0022] FIG. 3 is a flowchart illustrating operations of the
display device illustrated in FIG. 1.

[0023] FIG. 4 is a block diagram illustrating a configura-
tion of a display device according to Embodiment 2 of the
invention.

[0024] FIG. 5 is a flowchart illustrating operations of the
display device illustrated in FIG. 4.

[0025] FIGS. 6(a) to (d) are schematic views each illus-
trating one region when a display surface of a display unit
is divided into a plurality of regions.

[0026] FIG. 7 illustrates a state where an image is dis-
played in the display unit.

[0027] FIG. 8 is a block diagram illustrating a configura-
tion of a display device according to Embodiment 3 of the
invention.

[0028] FIG. 9 is a flowchart illustrating operations of the
display device illustrated in FIG. 8.

[0029] FIG. 10 is a block diagram illustrating a configu-
ration of a display device according to Embodiment 4 of the
invention.

[0030] FIG. 11 is a flowchart illustrating operations of the
display device illustrated in FIG. 10.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0031] An embodiment of the invention will be described
as follows with reference to FIGS. 1 to 3. FIG. 1 is a block
diagram illustrating a configuration of a display device 1
according to Embodiment 1 of the invention. FIG. 2 is
another block diagram illustrating the configuration of the
display device 1. FIG. 3 is a flowchart illustrating operations
of the display device 1.

(Configuration of Display Device 1)

[0032] As illustrated in FIG. 1, the display device 1
includes a display control circuit 10, a display unit 20, a
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source driver circuit 30, and a gate driver circuit 40. The
display device 1 is a display device using organic electro
luminescence.

[0033] Asillustrated in FIG. 2, the display unit 20 includes
a plurality of pixel circuits Ajj (i is an integer of 1 or more
and n or less and j is an integer of 1 or more and m or less).
That 1s, in the display unit 20, the pixel circuits Aij are
provided in a matrix pattern of n rowsxm columns. Further,
in the display unit 20, a plurality of scanning lines Gi that are
arranged in parallel to each other and a plurality of data lines
Sj that are arranged to be orthogonal to the plurality of
scanning lines Gi and to be parallel to each other are
provided. The pixel circuits Aij are arranged correspond-
ingly to respective intersection points of the scanning lines
Gi and the data lines Sj. Note that, pixels corresponding to
the pixel circuits Aij may be subjected to sub-pixel rendering
processing.

[0034] Further, in the display unit 20, a plurality of control
wires are arranged in parallel to the scanning lines Gi. The
control wires are wires provided for driving the pixel circuits
Alj. The scanning lines Gi and the control wires are con-
nected to the gate driver circuit 40 and driven by the gate
driver circuit 40. The data lines Sj are connected to the
source driver circuit 30 and driven by the source driver
circuit 30.

[0035] A display control unit 105 of the display unit 20
supplies a timing signal OF, a start pulse Y1, and a clock
YCK to the gate driver circuit 40. The display control unit
105 of the display unit 20 also supplies a start pulse SP, a
clock CLK, display data DA, and a latch pulse LP to the
source driver circuit 30.

[0036] The source driver circuit 30 includes an m-bit shift
register 305, an m-bit register 310, an m-bit latch circuit 315,
and m digital-to-analog converters 320_1 to 320_m. The
source driver circuit 30 is a driving circuit for the pixel
circuits Aij. The source driver circuit 30 supplies, to the data
lines Sj, a display signal that gives a potential (hereinafter,
referred to as a data potential) according to the display data
DA. Note that, it is assumed here that the source driver
circuit 30 performs line sequential scanning where data
potentials for one row in the plurality of pixel circuits Aij are
simultaneously supplied to pixel circuits Aij connected to
one scanning line Gi. Note that, the source driver circuit 30
may perform dot sequential scanning where a data potential
is supplied in turn to each of the pixel circuits Aij, instead
of the line sequential scanning. A configuration of a source
driver circuit that performs dot sequential scanning is known
and thus description thereof will be omitted here.

[0037] The shift register 305 has m registers (not illus-
trated) connected in cascade. In the shift register 305, the
start pulse SP supplied from the display control unit 105 to
a forefront register is sequentially transferred to each stage
of registers in synchronization with the clock CLK supplied
from the display control unit 105. A timing pulse DLP is
supplied from each stage of registers to the register 310, in
accordance with a timing when the start pulse SP is supplied
to each stage of registers. The display control unit 105
supplies the display data DA to the register 310 in accor-
dance with a timing when the timing pulse DLP is supplied
to the register 310.

[0038] The register 310 stores the display data DA sup-
plied from the display control unit 105. When the display
data DA for one row in the plurality of pixel circuits Ajj is
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stored in the register 310, the display control unit 105
supplies the latch pulse LP to the latch circuit 315.

[0039] When the latch pulse LP is supplied from the
display control unit 105, the latch circuit 315 holds the
display data DA stored in the register 310.

[0040] The digital-to-analog converters 320_1 to 320_m
are connected to the data lines Sj on one-to-one correspon-
dence. For example, a digital-to-analog converter 320_1 is
connected to a data line S1 and a digital-to-analog converter
320_2 is connected to a data line S2. The digital-to-analog
converters 320_1 to 320_m convert the display data DA held
in the latch circuit 315 into an analog signal and supplies the
analog signal to the corresponding data lines S;j.

[0041] The gate driver circuit 40 is a driving circuit for the
pixel circuits Aij. The gate driver circuit 40 supplies a
scanning signal for selecting a write-target pixel circuit Aij
to a scanning line Gi. More specifically, the gate driver
circuit 40 includes an n-bit shift register, a logic operation
circuit, and n buffers (none of which is illustrated).

[0042] The shift register has n registers (not illustrated)
connected in cascade. In the shift register, the start pulse YI
supplied from the display control unit 105 to a forefront
register is sequentially transferred to each stage of registers
in synchronization with the clock YCK supplied from the
display control unit 105. A timing pulse TP is supplied from
each stage of registers to the logic operation circuit, in
accordance with a timing when the start pulse YT is supplied
to each stage of registers.

[0043] The logic operation circuit is provided so as to
correspond to each stage of registers and performs a logic
operation on the basis of the timing pulse TP supplied from
each stage of registers and the timing signal OE supplied
from the display control unit 105. The logic operation circuit
supplies a voltage, which corresponds to a result of the logic
operation, to the scanning lines Gi and the control wires that
correspond to the respective stages via buffers provided
correspondingly to logic operation circuits of the respective
stages.

[0044] The display control circuit 10 includes the display
control unit 105 and an image data correction circuit 110.
The image data correction circuit 110 includes an image data
acquisition unit 115, a deterioration amount increment cal-
culation unit 120 (calculation unit), a deterioration amount
accumulation unit 125 (accumulation unit), a threshold
determination unit 130, a correction unit 135, a storage unit
145, an output data storage unit 150, and an aged deterio-
ration characteristic storage unit 155. The image data cor-
rection circuit 110 estimates a deterioration amount of an
organic light-emitting element from image data and corrects
the image data. The image data is displayed in the display
unit 20. The image data acquisition unit 115 acquires image
data from external equipment of the display device 1 or the
like.

[0045] The deterioration amount increment calculation
unit 120 refers to, through the storage unit 145, the image
data acquired by the image data acquisition unit 115. By
using the image data that is referred to, a luminance con-
version coeflicient (deterioration index), a brightness coef-
ficient (BC coeflicient), and a temperature coeflicient, the
deterioration amount increment calculation unit 120 calcu-
lates an increment of the deterioration amount of the organic
light-emitting element of each of the pixel circuits Aij of the
display unit 20. Specifically, the deterioration amount incre-
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ment calculation unit 120 calculates the increment of the
deterioration amount by using the following formula (1).

I=GBCxIC D

[0046] 1 is the increment of the deterioration amount, G is
gradation, d is the deterioration index, BC is the BC coef-
ficient, and TC is the temperature coeflicient. The gradation
is gradation indicated by gradation data included in the
image data displayed in the display unit 20 and is repre-
sented by a value of 0 to 255 with use of higher eight bits
of the gradation data. The gradation data is data indicating
gradation. The deterioration index is a value for converting
the gradation into the deterioration amount and calculated by
mxn with use of a gamma coefficient m that is a coefficient
indicating a relationship between the gradation and lumi-
nance and a coeflicient n indicating a relationship between
the luminance and the deterioration amount. The gamma
coeflicient m is typically 2.2. The coefficient n is a value
obtained through an experiment and n is preferably 1.5 to
2.0.

[0047] The BC coeflicient is a coeflicient for considering
adjustment of luminance of an image in accordance with
brightness of a surrounding environment in a place where
the display device 1 is installed. In a bright place, for
example, such as a place where sunlight is radiated, adjust-
ment to increase luminance of an image is performed in
order for a person to easily identify a character or a picture
that is displayed in a panel. Moreover, in a dark place,
adjustment to reduce luminance of an image is performed in
order to lengthen a battery life. A function of adjusting
luminance of an image in accordance with brightness of the
surrounding environment in the place where the display
device 1 is installed is called Brightness Control. A value of
the BC coeflicient changes by an operation of a user and is
subjected to circuit setting so as to be 0.0625 to 1.0. In
general, when luminance of a pixel increases, deterioration
of the organic light-emitting element easily progresses, and
when the luminance of the pixel decreases, deterioration of
the organic light-emitting element is difficult to progress.
[0048] The temperature coeflicient is a coeflicient for a
temperature around the display device 1. In a case where the
organic light-emitting element is lit with constant lumi-
nance, when a temperature of the display device 1 itself or
the temperature around the display device 1 is high, dete-
rioration of the organic light-emitting element easily pro-
gresses. When the temperature of the display device 1 itself
or the temperature around the display device 1 is low,
deterioration of the organic light-emitting element is difficult
to progress. A temperature of an environment where the
organic light-emitting element is used is measured by a
temperature sensor (not illustrated) provided in the display
device 1 and the temperature around the display device 1 is
subjected to circuit setting so that a value of the temperature
coefficient is 0.0625 to 1.0.

[0049] Note that, the deterioration amount increment cal-
culation unit 120 may calculate the increment of the dete-
rioration amount by reflecting a current deterioration amount
of the organic light-emitting element of each of the pixel
circuits Aij to the increment of the deterioration amount,
which is calculated by using the image data that is referred
to, the deterioration index, the BC coefficient, and the
temperature coefficient.

[0050] Moreover, the deterioration amount increment cal-
culation unit 120 may calculate the increment of the dete-
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rioration amount of the organic light-emitting element of
each of the pixel circuits Aij of the display unit 20 on the
basis of gradation of image data that has been corrected by
the correction unit 135, and/or information supplied to the
display unit 20.

[0051] The deterioration amount accumulation unit 125
refers to, through the storage unit 145, the increment of the
deterioration amount of the organic light-emitting element
of each of the pixel circuits Aij, which is calculated by the
deterioration amount increment calculation unit 120. The
deterioration amount accumulation unit 125 accumulates the
increment of the deterioration amount for each of the pixel
circuits Aij. The deterioration amount accumulation unit 125
stores, in the storage unit 145, an accumulated deterioration
amount that is accumulated. The accumulated deterioration
amount is a total amount of increments of the deterioration
amount accumulated by the deterioration amount accumu-
lation unit 125.

[0052] Since the deterioration amount accumulation unit
125 accumulates the deterioration amount of the organic
light-emitting element, the accumulated deterioration
amount of the organic light-emitting element in each of the
pixel circuits Aij needs to be stored in the storage unit 145.
However, when the accumulated deterioration amount is
stored in the storage unit 145 every frame in all the pixel
circuits Aij, data stored in the storage unit 145 becomes
enormous. Since a storage region of the storage unit 145 is
limited, information is filled in the storage region in a short
time and the deterioration amount accumulation unit 125 is
not able to accumulate the deterioration amount. In order to
accumulate the deterioration amount for a longer time
period, information about the accumulated deterioration
amount needs to be compressed.

[0053] Thus, the deterioration amount accumulation unit
125 is configured to accumulate the deterioration amount
every fixed time. For example, when the display device 1 is
used for 1000 hours under a condition that the deterioration
amount accumulation unit 125 accumulates the deterioration
amount every 2 minutes, the number of times of accumu-
lation is 30000 (30x1000). Since 2'% is 32768, an amount of
information about the number of times of accumulation has
15 bits.

[0054] Note that, in order to prevent deterioration of the
organic light-emitting element of the pixel circuit Aij from
being accelerated due to an excessive increase in luminance,
when the accumulated deterioration amount calculated by
the deterioration amount accumulation unit 125 exceeds a
predetermined value, processing of the accumulation may be
stopped.

[0055] The threshold determination unit 130 refers to,
through the storage unit 145, the deterioration amount of the
organic light-emitting element of each of the pixel circuits
Alij, which is calculated by the deterioration amount incre-
ment calculation unit 120. The threshold determination unit
130 determines whether or not a deterioration amount of a
certain organic light-emitting element whose deterioration
amount is largest among the organic light-emitting elements
of the pixel circuits Aij is equal to or more than a first
threshold.

[0056] The correction unit 135 refers to, through the
storage unit 145, the accumulated deterioration amount of
the organic light-emitting element of each of the pixel
circuits Aij, which is accumulated by the deterioration
amount accumulation unit 125, and a relationship between
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the accumulated deterioration amount and luminance, which
is stored in advance in the aged deterioration characteristic
storage unit 155. The correction unit 135 corrects image data
on the basis of the accumulated deterioration amount accu-
mulated by the deterioration amount accumulation unit 125
and the relationship between the accumulated deterioration
amount and luminance, which is stored in advance in the
aged deterioration characteristic storage unit 155. Specific
description thereof will be given below.

[0057] Considered is a case where the same degradation
data is supplied to a pixel circuit Aij whose organic light-
emitting element is deteriorated and a pixel circuit Aij whose
organic light-emitting element is not deteriorated. In this
case, luminance of a pixel corresponding to the pixel circuit
Alij whose organic light-emitting element is deteriorated is
lower than luminance of a pixel corresponding to the pixel
circuit Aij whose organic light-emitting element is not
deteriorated. The correction unit 135 corrects gradation data
included in image data so that a difference between the
luminance of the pixel corresponding to the pixel circuit Aij
whose organic light-emitting element is deteriorated and the
luminance of the pixel corresponding to the pixel circuit Aij
whose organic light-emitting element is not deteriorated is
eliminated.

[0058] The correction unit 135 refers to the relationship
between the accumulated deterioration amount and lumi-
nance, which is stored in advance in the aged deterioration
characteristic storage unit 155, and calculates a correction
value in accordance with the accumulated deterioration
amount of the organic light-emitting element of each of the
pixel circuits Aij. On the basis of the relationship between
the accumulated deterioration amount and luminance, which
is stored in advance in the aged deterioration characteristic
storage unit 155, the correction unit 135 obtains luminance
from the accunulated deterioration amount. The correction
unit 135 calculates the correction value so as to perform
correction by an amount of reduction from the luminance of
the pixel corresponding to the pixel circuit Aij (hereinafter,
referred to as a first pixel circuit) whose organic light-
emitting element is not deteriorated to luminance based on
the accumulated deterioration amount of the organic light-
emitting element of each pixel circuit Aij (hereinafter,
referred to as a second pixel circuit) whose organic light-
emitting element is deteriorated. That is, the correction unit
135 calculates the correction value so that the luminance of
the pixel corresponding to the first pixel circuit and the
luminance of the pixel corresponding to the second pixel
circuit are the same. Note that, the correction unit 135 selects
the first pixel circuit from among a plurality of first pixel
circuits so that luminance of image data in the pixel corre-
sponding to the first pixel circuit and luminance of image
data in the pixel corresponding to the second pixel circuit are
the same.

[0059] For example, consideration is made for a pixel
circuit A1l whose organic light-emitting element is not
deteriorated and a pixel circuit A12 whose organic light-
emitting element is deteriorated. It is assumed that the same
color (image data with the same luminance) is displayed in
a pixel corresponding to the pixel circuit A1l and a pixel
corresponding to the pixel circuit A12. In a case where
luminance of the pixel corresponding to the pixel circuit A12
is corrected, the pixel circuit A1l is selected so that lumi-
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nance of the pixel corresponding to the pixel circuit A11 and
the luminance of the pixel corresponding to the pixel circuit
A12 are the same.

[0060] The correction unit 135 adds the correction value
described above to luminance of the pixel corresponding to
each of the pixel circuits Aij. That is, for the pixel circuit Ajj
whose organic light-emitting element is deteriorated, the
correction unit 135 performs correction by an amount of
reduction of the luminance due to deterioration, and thereby
increases the luminance of the pixel.

[0061] When the correction unit 135 adds the correction
value to the luminance of the pixel corresponding to each of
the pixel circuits Aij, the correction unit 135 determines
whether or not a maximum value of luminance of a pixel
among all pixels is equal to or less than an upper limit value
that allows display.

[0062] In a case where the maximum value of the lumi-
nance of the pixel is equal to or less than the upper limit
value that allows display, the correction unit 135 stores the
corrected image data in the output data storage unit 150.

[0063] In a case where the maximum value of the lumi-
nance of the pixel exceeds the upper limit value that allows
display, the correction unit 135 calculates a correction value
again. In a case where the correction unit 135 calculates a
correction value again, the correction unit 135 performs the
following processing. The correction unit 135 calculates a
correction value so as to correct, in accordance with lumi-
nance of a pixel corresponding to a pixel circuit Aij (here-
inafter, referred to as a third pixel circuit) whose accumu-
lated deterioration amount is largest, luminance of a pixel
corresponding to a pixel circuit Aij (hereinafter, referred to
as a fourth pixel circuit) other than the third pixel circuit.
That is, the correction unit 135 calculates the correction
value so that the luminance of the pixel corresponding to the
third pixel circuit and the luminance of the pixel correspond-
ing to the fourth pixel circuit are the same. Note that, the
correction unit 135 selects the third pixel circuit from among
a plurality of third pixel circuits so that luminance of image
data in the pixel corresponding to the third pixel circuit and
luminance of image data in the pixel corresponding to the
fourth pixel circuit are the same.

[0064] For example, consideration is made for a pixel
circuit A21 whose accumulated deterioration amount is
largest and a pixel circuit A22 which is a pixel circuit other
than the pixel circuit A21 whose accumulated deterioration
amount is largest. It is assumed that the same color (image
data with the same luminance) is displayed in a pixel
corresponding to the pixel circuit A21 and a pixel corre-
sponding to the pixel circuit A22. In a case where luminance
of the pixel corresponding to the pixel circuit A22 is
corrected, the pixel circuit A21 is selected so that luminance
of the pixel corresponding to the pixel circuit A21 and the
luminance of the pixel corresponding to the pixel circuit A22
are the same.

[0065] The correction unit 135 adds the correction value
calculated again to luminance of image data. That is, in the
case where the maximum value of the luminance of the pixel
among all the pixels exceeds the upper limit value that
allows display, the luminance of the pixel other than the
pixel whose accumulated deterioration amount is largest is
reduced in accordance with the luminance of the pixel
whose accumulated deterioration amount is largest and a
difference of luminance is thereby eliminated (reduced) as a
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whole. The correction unit 135 stores the corrected image
data in the output data storage unit 150.

[0066] The display control unit 105 retrieves, from the
output data storage unit 150, the image data corrected by the
correction unit 135 and supplies the image data to the source
driver circuit 30. The image data is the display data DA
described above.

(Operations of Display Device 1)

[0067] Operations (image data correction method) of the
display device 1 will be described with reference to FIG. 3.
[0068] First, the image data acquisition unit 115 acquires
image data from external equipment or the like (step S105).
The image data acquisition unit 115 stores the acquired
image data in the storage unit 145 and instructs the deterio-
ration amount increment calculation unit 120 to perform
processing.

[0069] When the instruction to perform the processing is
given from the image data acquisition unit 115, the deterio-
ration amount increment calculation unit 120 refers to,
through the storage unit 145, the image data acquired by the
image data acquisition unit 115. The deterioration amount
increment calculation unit 120 calculates an increment of a
deterioration amount of the organic light-emitting element
of each of the pixel circuits Aij on the basis of the image data
that is referred to (step S110: calculation step). The dete-
rioration amount increment calculation unit 120 stores the
calculated increment of the deterioration amount of the
organic light-emitting element of each of the pixel circuits
Aljj in the storage unit 145. The deterioration amount incre-
ment calculation unit 120 instructs the deterioration amount
accumulation unit 125 to perform the following processing.

[0070] When the instruction to perform the processing is
given from the deterioration amount increment calculation
unit 120, the deterioration amount accumulation unit 125
refers to, through the storage unit 145, the increment of the
deterioration amount of the organic light-emitting element
of each of the pixel circuits Aij, which is calculated by the
deterioration amount increment calculation unit 120. The
deterioration amount accumulation unit 125 accumulates the
deterioration amount of the organic light-emitting element
of each of the pixel circuits Aij on the basis of the increment
of the deterioration amount that is referred to (step S115:
accumulation step). Specific description thereof will be
given below.

[0071] The deterioration amount accumulation unit 125
accumulates the deterioration amount every fixed time. First,
the deterioration amount accumulation unit 125 determines
whether or not a fixed time lapses after accumulation
processing is performed last time. For example, in a case
where the display device 1 displays an image at 60 frames
per second in the display unit 20, when accumulation
processing of the deterioration amount is performed at a
2-second interval, the deterioration amount accumulation
unit 125 performs next accumulation processing at a 120th
frame (60 framesx2 seconds) after the accumulation pro-
cessing is performed last time. When the deterioration
amount accumulation unit 125 determines whether or not the
fixed time lapses, the deterioration amount accumulation
unit 125 may count the number of frames, or may operate
some counter to make determination in accordance with
whether or not a count value indicating a designated time is
reached.



US 2020/0211454 Al

[0072] The deterioration amount accumulation unit 125
stores the accumulated deterioration amount of the organic
light-emitting element of each of the pixel circuits Aij,
which is accumulated, in the storage unit 145. The deterio-
ration amount accumulation unit 125 instructs the threshold
determination unit 130 to perform processing.

[0073] When the instruction to perform the processing is
given from the deterioration amount accumulation unit 125,
the threshold determination unit 130 refers to, through the
storage unit 145, the accumulated deterioration amount of
the organic light-emitting element of each of the pixel
circuits Aij, which is accumulated by the deterioration
amount accumulation unit 125. The threshold determination
unit 130 determines whether or not a deterioration amount of
an organic light-emitting element whose deterioration
amount is largest among the light-emitting elements of the
pixel circuits Aij is equal to or more than the first threshold
(step S120). In a case where the deterioration amount of the
organic light-emitting element whose deterioration amount
is largest is equal to or more than the first threshold, the
threshold determination unit 130 instructs the correction unit
135 to perform processing. In a case where the deterioration
amount of the organic light-emitting element whose dete-
rioration amount is largest is less than the first threshold, the
threshold determination unit 130 instructs the display con-
trol unit 105 to perform processing. When the instruction to
perform the processing is given from the threshold deter-
mination unit 130, the display control unit 105 refers to,
through the storage unit 145, the image data acquired by the
image data acquisition unit 115. The display control unit 105
supplies the image data to the source driver circuit 30. The
image data is the display data DA described above.

[0074] When the instruction to perform the processing is
given from the threshold determination unit 130, the cor-
rection unit 135 performs processing described as follows.
Specifically, the correction unit 135 refers to, through the
storage unit 145, the accumulated deterioration amount of
the organic light-emitting element of each of the pixel
circuits Aij, which is accumulated by the deterioration
amount accumulation unit 125, and a relationship between
the accumulated deterioration amount and luminance, which
is stored in advance in the aged deterioration characteristic
storage unit 155. The correction unit 135 corrects the
luminance of the pixel corresponding to each of the pixel
circuits Aij on the basis of the accumulated deterioration
amount accumulated by the deterioration amount accumu-
lation unit 125 and the relationship between the accumulated
deterioration amount and luminance, which is stored in
advance in the aged deterioration characteristic storage unit
155 (step S125: correction step). The correction unit 135
adds a correction value to the luminance of the pixel
corresponding to each of the pixel circuits Aij. Processing of
the correction unit 135 here is as described above.

[0075] After correcting the luminance of the pixel corre-
sponding to each of the pixel circuits Aij, the correction unit
135 determines whether or not a maximum value of lumi-
nance of a pixel among all the pixels is equal to or less than
the upper limit value that allows display (step S130). In a
case where the maximum value of the luminance of the pixel
among all the pixels is equal to or less than the upper limit
value that allows display, the method moves to processing of
step S140.

[0076] In a case where the maximum value of the lumi-
nance of the pixel among all the pixels exceeds the upper
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limit value that allows display, the correction unit 135
corrects the luminance of the pixel corresponding to each of
the pixel circuits Aij again (step S135). Processing of the
correction unit 135 here is as described above. The correc-
tion unit 135 stores the corrected image data in the output
data storage unit 150 and instructs the display control unit
105 to perform processing.

[0077] When the instruction to perform the processing is
given from the correction unit 135, the display control unit
105 retrieves, from the output data storage unit 150, the
image data corrected by the correction unit 135 and supplies
the image data to the source driver circuit 30. The image data
is the display data DA described above. The source driver
circuit 30 supplies the display data DA to the display unit 20
and the display unit 20 displays an image (step S140).
[0078] Thus, in the display device 1, the deterioration
amount accumulation unit 125 accumulates the increment of
the deterioration amount every fixed time. Therefore, when
considering that information about the deterioration amount
is stored in the storage unit 145, the information about the
deterioration amount to be stored in the storage unit 145 is
able to be reduced. Accordingly, even in a case where the
information about the deterioration amount increases when
the number of pixels is large, the information about the
deterioration amount is able to be continuously stored in the
storage unit 145 for a long time period. As a result, the
display device 1 is able to correct image data for a long time
period even when the number of pixels is large.

[0079] Moreover, in the display device 1, after correcting
the luminance of the pixel, in the case where the maximum
value of the luminance of the pixel is equal to or less than
the upper limit value that allows display, the correction unit
135 corrects the luminance of the pixel whose organic
light-emitting element is deteriorated in accordance with the
luminance of the pixel whose organic light-emitting element
is not deteriorated. As a result. it is possible to reduce a
difference of the luminance as a whole in accordance with
the luminance of the pixel whose organic light-emitting
element is not deteriorated.

[0080] Moreover, after correcting the luminance of the
pixel, in the case where the maximum value of the lumi-
nance of the pixel exceeds the upper limit value, the cor-
rection unit 135 corrects the luminance of the pixel other
than the pixel whose accumulated deterioration amount
accumulated by the deterioration amount accumulation unit
125 is largest, in accordance with the luminance of the pixel
whose accumulated deterioration amount is largest. As a
result, it is possible to reduce a difference of the luminance
as a whole in accordance with the luminance of the pixel
whose deterioration amount is largest even when a maxi-
mum value of the corrected luminance exceeds the upper
limit value that allows display.

Embodiment 2

[0081] Another embodiment of the invention will be
described as follows with reference to FIGS. 4 to 6. Note
that, for convenience of description, a member having the
same function as that of the member described in the
aforementioned embodiment will be given the same refer-
ence sign and description thereof will be omitted. FIG. 4 is
a block diagram illustrating a configuration of a display
device 2 according to Embodiment 2 of the invention. FIG.
5 is a flowchart illustrating operations of the display device
2. FIGS. 6(a) to (d) are schematic views illustrating one
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region 205 when a display surface of the display unit 20 is
divided into a plurality of regions.

(Configuration of Display Device 2)

[0082] As illustrated in FIG. 4, the display device 2 is
different from the display device 1 in that the display control
circuit 10 is changed to a display control circuit 11. The
display control circuit 11 is different from the display control
circuit 10 in that the image data correction circuit 110 is
changed to an image data correction circuit 111. The image
data correction circuit 111 is different from the image data
correction circuit 110 in terms of including a region division
unit 160, a total deterioration amount calculation unit 165,
an average deterioration amount calculation unit 170, and an
average deterioration amount accumulation unit 175 (aver-
age accumulation unit) but not including the deterioration
amount accumulation unit 125.

[0083] The region division unit 160 divides the display
surface of the display unit 20 into a plurality of regions 205.
In sub-pixels that are adjacent, a difference of gradation is
small so that a difference of the accumulated deterioration
amount is considered to be also small. Thus, consideration
is made for that the display surface of the display unit 20 is
divided into the regions 205 each including a plurality of
pixels. Here, for example, as illustrated in FIG. 6(b), a case
where one region 205 includes pixels of 4 rowsx4 columns
is considered. The region division unit 160 stores informa-
tion about a boundary of the regions 205 in the storage unit
145.

[0084] On the basis of gradation data included in image
data displayed in the display unit 20, the total deterioration
amount calculation unit 165 calculates a total increment of
deterioration amounts of organic light-emitting elements
provided in pixel circuits Aij corresponding to sixteen pixels
included in one region. The total deterioration amount
calculation unit 165 stores the calculated total in the storage
unit 145.

[0085] The average deterioration amount calculation unit
170 refers to, through the storage unit 145, the total calcu-
lated by the total deterioration amount calculation unit 165.
The average deterioration amount calculation unit 170
divides the total by the number of pixels (here, sixteen)
included in one region and thereby calculates an average of
the increments of the deterioration amounts of the organic
light-emitting elements corresponding to the sixteen pixels
included in one region. The average deterioration amount
calculation unit 170 stores the calculated average in the
storage unit 145.

[0086] The average deterioration amount accumulation
unit 175 refers to, through the storage unit 145, the average
calculated by the average deterioration amount calculation
unit 170. The average deterioration amount accumulation
unit 175 accumulates the average for each of the regions
205. The average deterioration amount accumulation umit
175 stores the average accumulated deterioration amount,
which is accumulated, in the storage unit 145.

[0087] The correction unit 135 refers to the average accu-
mulated deterioration amount which is accumulated by the
average deterioration amount accumulation unit 175 and
stored in the storage unit 145 and a relationship between the
accumulated deterioration amount and luminance, which is
stored in advance in the aged deterioration characteristic
storage unit 155. On the basis of the relationship between the
accumulated deterioration amount and luminance, which is
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stored in advance in the aged deterioration characteristic
storage unit 155, the correction unit 135 obtains luminance
from the accunulated deterioration amount. The correction
unit 135 calculates a correction value for each of the pixels
in accordance with the average accumulated deterioration
amount of each of the regions 205. That is, a correction value
is calculated for each of pixels belonging to one region 205
in accordance with an average accumulated deterioration
amount of the region 205. Specifically, the correction unit
135 calculates the correction value so as to perform correc-
tion by an amount of reduction from Iuminance of a pixel
corresponding a region 205 where an organic light-emitting
element is not deteriorated to luminance based on an average
accumulated deterioration amount of a region 205 where an
organic light-emitting element is deteriorated. That is, the
correction unit 135 calculates the correction value so that
luminance of a pixel corresponding to a pixel circuit Aij
(hereinafter, referred to as a fifth pixel circuit) in the region
205 where the organic light-emitting element is not deterio-
rated and luminance of a pixel corresponding to a pixel
circuit Aij (hereinafter, referred to as a sixth pixel circuit) in
the region 205 where the organic light-emitting element is
deteriorated are the same. Note that, the correction unit 135
selects the fifth pixel circuit so that the luminance of image
data in the pixel corresponding to the fifth pixel circuit and
the luminance of image data in the pixel corresponding to
the sixth pixel circuit are the same. The correction unit 135
adds the correction value to luminance of all pixels in the
region 205 where the organic light-emitting element is
deteriorated. That is, the correction unit 135 performs cor-
rection for each of the regions 205 by an amount of
reduction of the luminance due to deterioration, and thereby
increases the luminance of the pixels in the region 205.
[0088] When the correction unit 135 adds the correction
value to the luminance of the pixels in each of the regions
205, the correction unit 135 determines whether or not a
maximum value of luminance of a pixel among all the pixels
is equal to or less than the upper limit value that allows
display. Processing performed after the determination pro-
cessing in processing performed by the correction unit 135
is similar to the processing performed by the correction unit
135 of the display device 1.

[0089] When the correction unit 135 corrects image data,
the correction unit 135 calculates the correction value
assuming that each of organic light-emitting elements of the
sixteen pixels included in one region have the same accu-
mulated deterioration amount. That is, it is assumed that the
accumulated deterioration amount in one region is the
average accumulated deterioration amount accumulated by
the average deterioration amount accumulation unit 175. As
aresult, whereas the correction value is calculated in each of
all the pixels, the correction value is calculated for one
region, so that an amount of information about the accumu-
lated deterioration amount becomes 1/16.

(Operations of Display Device 2)

[0090] Operations of the display device 2 will be
described with reference to FIG. 5. As illustrated in FIG. 5,
the operations of the display device 2 are different from the
operations of the display device 1 in that processing of step
S145 to step S160 is added and the processing of step S115
is omitted. Here, only a different part of the operations of the
display device 2 from the operations of the display device 1
will be described.
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[0091] After the processing of step S110, the deterioration
amount increment calculation unit 120 instructs the region
division unit 160 to perform the following processing. When
the instruction to perform the processing is given from the
deterioration amount increment calculation unit 120, the
region division unit 160 divides the display surface of the
display unit 20 into a plurality of regions 205 (step S145:
region division step). The region division unit 160 stores
information about a boundary of the regions 205 in the
storage unit 145 and instructs the total deterioration amount
calculation unit 165 to perform processing.

[0092] When the instruction to perform the processing is
given from the region division unit 160, the total deteriora-
tion amount calculation unit 165 refers to, through the
storage unit 145, the deterioration amount of the organic
light-emitting element of each of the pixel circuits Aij of the
display unit 20, which is calculated by the deterioration
amount increment calculation unit 120. On the basis of the
deterioration amount calculated by the deterioration amount
increment calculation unit 120, the total deterioration
amount calculation unit 165 calculates a total deterioration
amount for each of the regions 205 (step S150: total dete-
rioration amount calculation step). The total deterioration
amount calculation unit 165 stores the calculated total in the
storage unit 145 and instructs the average deterioration
amount calculation unit 170 to perform processing,

[0093] When the instruction to perform the processing is
given from the total deterioration amount calculation unit
165, the average deterioration amount calculation unit 170
refers to, through the storage unit 145, the total calculated by
the total deterioration amount calculation unit 165. The
average deterioration amount calculation unit 170 divides
the total by the number of pixels (here, sixteen) included in
one region and thereby calculates an average of increments
of the deterioration amounts of the sixteen pixels included in
one region (step S155: average deterioration amount calcu-
lation step). The average deterioration amount calculation
unit 170 stores the calculated average in the storage unit 145
and instructs the average deterioration amount accumulation
unit 175 to perform processing.

[0094] When the instruction to perform the processing is
given from the average deterioration amount calculation unit
170, the average deterioration amount accumulation unit
175 refers to, through the storage unit 145, the average
calculated by the average deterioration amount calculation
unit 170. The average deterioration amount accumulation
unit 175 accumulates the average of deterioration amounts
for each of the regions 205 (step S160: average accumula-
tion step). The average deterioration amount accumulation
unit 175 stores the average accumulated deterioration
amount, which is accumulated, in the storage unit 145 and
instructs the threshold determination unit 130 to perform
processing.

[0095] When the instruction to perform the processing is
given from the average deterioration amount accumulation
unit 175, the threshold determination unit 130 refers to,
through the storage unit 145, the average of the deterioration
amounts for each of the regions 205, which is accumulated
by the average deterioration amount accumulation unit 175.
The threshold determination unit 130 determines whether or
not an average accumulated deterioration amount of a region
205 where the average accumulated deterioration amount is
largest among the regions 205 is equal to or more than the
first threshold (step S120). In a case where the average
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accumulated deterioration amount of the region 205 where
the average accumulated deterioration amount is largest is
equal to or more than the first threshold, the threshold
determination unit 130 instructs the correction unit 135 to
perform processing. In a case where the average accumu-
lated deterioration amount of the region 205 where the
average accumulated deterioration amount is largest is less
than the first threshold, the threshold determination unit 130
instructs the display control unit 105 to perform processing.
[0096] When the instruction to perform the processing is
given from the threshold determination unit 130, the cor-
rection unit 135 refers to the average accumulated deterio-
ration amount which is accumulated by the average dete-
rioration amount accumulation unit 175 and stored in the
storage unit 145 and a relationship between the accumulated
deterioration amount and luminance, which is stored in
advance in the aged deterioration characteristic storage unit
155. In accordance with the average accumulated deterio-
ration amount in each of the regions 205, the correction unit
135 calculates a correction value for each of the regions 205.
On the basis of the average accumulated deterioration
amount accumulated by the average deterioration amount
accumulation unit 175 and the relationship between the
accumulated deterioration amount and luminance, which is
stored in advance in the aged deterioration characteristic
storage unit 155, the correction unit 135 corrects luminance
of pixels in each of the regions 205 (step S125). The
correction unit 135 adds a correction value to the luminance
of the pixels in each of the regions 205. The processing of
the correction unit 135 here is as described above. Process-
ing after step S130 is similar to that of the display device 1.
[0097] Thus, in the display device 2, the average deterio-
ration amount accumulation unit 175 accumulates the aver-
age of the increments of the deterioration amounts of organic
light-emitting elements for each of regions. Therefore, an
accumulation amount of the deterioration amount is smaller
than that in a case where the increment of the deterioration
amount is accumulated for each of pixels. When considering
that information about the deterioration amount is stored in
the storage unit 145, the information about the deterioration
amount to be stored in the storage unit 145 is able to be
reduced. Accordingly, even in a case where the information
about the deterioration amount increases when the number
of pixels is large, the information about the deterioration
amount is able to be continuously stored in the storage unit
145 for a long time period. As a result, the display device 2
is able to correct image data for a long time period even
when the number of pixels is large.

(Modification)

[0098] Note that, when the number of sub-pixels included
in one region 205 increases, it is considered that a boundary
of regions and a portion where a difference of gradation in
a displayed image is great are different and an error of
correction is noticeable. In order to make the error less
noticeable, a white pixel W1 and a black pixel Bl are
alternately arranged as illustrated in FIGS. 6(a) to (d).
Specifically, luminance of the white pixel W1 and luminance
of the black pixel Bl are separately managed. In the white
pixel W1 and the black pixel B1, the respective pixels are
merely represented by white or black for ease of description,
and there is no particular meaning in that the pixels are white
or black. Here, an average accumulated deterioration
amount of the white pixel W1 and an average accumulated
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deterioration amount of the black pixel B1 are separately
calculated. FIGS. 6(a) to (d) illustrate some examples. A
table 1 indicates a compression ratio of an average accu-
mulated deterioration amount.

TABLE 1

Number of white pixels 5 8 13 18

Number of black pixels 4 8 12 18

Compression ratic 1/4.5 1/8 1/12.5 1/18
[0099] A case where the region 205 includes pixels of 3

rowsx3 columns as illustrated in FIG. 6(a) will be described.
In this case, the number of white pixels W1 is 5 and the
number of black pixels B1 is 4. Thus, compared to a case
where the accumulated deterioration amount is calculated
for each of pixels without division into regions, the amount
of information about the accumulated deterioration amount
becomes 2x1/9=1/4.5.

[0100] A case where the region 205 includes pixels of 4
rowsx4 columns as illustrated in FIG. 6() will be described.
In this case, the number of white pixels W1 is 8 and the
number of black pixels Bl is 8. Thus, compared to the case
where the accumulated deterioration amount is calculated
for each of pixels without division into regions, the amount
of information about the accumulated deterioration amount
becomes 2x1/16=1/8.

[0101] A case where the region 205 includes pixels of 5
rowsx5 columns as illustrated in FIG. 6(c) will be described.
In this case, the number of white pixels W1 is 13 and the
number of black pixels Bl is 12. Thus, compared to the case
where the accumulated deterioration amount is calculated
for each of pixels without division into regions, the amount
of information about the accumulated deterioration amount
becomes 2x1/25=1/12.5.

[0102] A case where the region 205 includes pixels of 6
rowsx6 columns as illustrated in FIG. 6(d) will be described.
In this case, the number of white pixels W1 is 18 and the
number of black pixels Bl is 18. Thus, compared to the case
where the accumulated deterioration amount is calculated
for each of pixels without division into regions, the amount
of information about the accumulated deterioration amount
becomes 2x1/36=1/18.

[0103] Since the average accumulated deterioration
amount of the white pixel W1 and the average accumulated
deterioration amount of the black pixel B1 are calculated,
the amount of information about the average accumulated
deterioration amount becomes about twice as compared to a
case where the average accumulated deterioration amount is
calculated simply for each of regions 205, but an error after
correction is able to be prevented from being noticeable. A
problem that the error after correction is noticeable will be
specifically described below with reference to FIG. 7.
[0104] FIG. 7 illustrates a state where an image is dis-
played in the display unit 20. In FIG. 7, an upper-left half
part of the display unit 20 is displayed in white and a
lower-right half part of the display unit 20 is displayed in
blue. In the display unit 20, a region 205 that corresponds to
an s-th row and corresponds to a t-th column is denoted as
a region (s, t). It is assumed that numbers of s and t are
reduced toward an upper left side in FIG. 7.

[0105] A deterioration ratio of a region 205 (for example,
region (1, 1)) displayed in white is set as, for example,
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(deterioration ratio of R, deterioration ratio of G, deteriora-
tion ratio of B)=(20%, 20%, 20%). R indicates a sub-pixel
of red, G indicates a sub-pixel of green, and B indicates a
sub-pixel of blue.

[0106] A deterioration ratio of a region 205 (for example,
region (4, 4)) displayed in blue is set as, for example,
(deterioration ratio of R, deterioration ratio of G, deteriora-
tion ratio of B)=(0%, 0%, 20%).

[0107] A deterioration ratio of a region 205 (for example,
region (3, 2)) including both a part displayed in white and a
part displayed in blue is set as, for example, (deterioration
ratio of R, deterioration ratio of G, deterioration ratio of
B)=(10%, 10%, 20%).

[0108] Moreover, in a case where an image in which all
gradations of R, G, and B are 100, for example, is displayed
in all regions 205 of the display unit 20, the gradation of a
sub-pixel that is most deteriorated is 80, so that the grada-
tions of all the regions 205 are corrected to be 80.

[0109] The corrected gradation of the region 205 (for
example, region (1, 1)) displayed in white is (gradation of R,
gradation of G, gradation of B)=(80/(1.0-0.2), 80/(1.0-0.2),
80/(1.0-0.2))=(100, 100, 100).

[0110] The corrected gradation of the region 205 (for
example, region (4, 4)) displayed in blue is (gradation of R,
gradation of G, gradation of B)=(80/(1.0-0.0), 80/(1.0-0.0),
80/(1.0-0.2))=(80, 80, 100).

[0111] The gradation of the region 205 (for example,
region (3, 2)) including both the part displayed in white and
the part displayed in blue is (gradation of R, gradation of G,
gradation of B)=(80/(1.0-0.1), 80/(1.0-0.1), 80/(1.0-0.2))=
(89, 89, 100).

[0112] The gradation of an actually displayed image is
indicated below on the basis of data of the corrected gra-
dation.

[0113] The actual gradation of the region 205 (for
example, region (1, 1)) displayed in white is (gradation of R,
gradation of G, gradation of B)=(100x(1.0-0.2), 100x(1.0-
0.2), 100x(1.0-0.2))=(80, 80, 30).

[0114] The actual gradation of the region 205 (for
example, region (1, 1)) displayed in blue is (gradation of R,
gradation of G, gradation of B)=(80x(1.0-0.0), 80x(1.0-0.
0), 100x(1.0-0.2))=(80, 80, 80).

[0115] In the region 205 (for example, region (3, 2))
including both the part displayed in white and the part
displayed in blue, the actual gradation of the part displayed
in white is (gradation of R, gradation of G, gradation of
B)=(89x(1.0-0.2), 89x(1.0-0.2), 100x(1.0-0.2))=(71, 71,
80).

[0116] In the region 205 (for example, region (3, 2))
including both the part displayed in white and the part
displayed in blue, the actual gradation of the part displayed
in blue is (gradation of R, gradation of G, gradation of
B)=(89x(1.0-0.0), 89x(1.0-0.0), 100x(1.0-0.2))=(89, 89,
80).

[0117] Thus, there is a case where the gradation is not 80
in the region 205 (for example, region (3, 2)) including both
the part displayed in white and the part displayed in blue.
However, as described above, by separately calculating the
average accumulated deterioration amount of the white pixel
W1 and the average accumulated deterioration amount of
the black pixel B1, a problem that an error after correction
is noticeable is able to be prevented. Specific description
thereof will be given below. When the average deterioration
amount is accumulated for each of the regions 205 and
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luminance of pixels in the region 205 is corrected, a bound-
ary line is displayed at a boundary between regions 205 due
to an error after correction. Thus, by separately calculating
the average accumulated deterioration amount of the white
pixel W1 and the average accumulated deterioration amount
of the black pixel B1 in the region 205, average accumulated
deterioration amounts are separately calculated between
adjacent pixels in the regions 205, which are in contact with
the boundary between the regions 205. As a result, different
colors are alternately arrayed between the adjacent pixels in
the regions 205, which are in contact with the boundary
between the regions 205, thus making it possible to prevent
the boundary line from being displayed at the boundary
between the regions 205.

Embodiment 3

[0118] Another embodiment of the invention will be
described as follows with reference to FIGS. 8 and 9. Note
that, for convenience of description, a member having the
same function as that of the member described in the
aforementioned embodiments will be given the same refer-
ence sign and description thereof will be omitted. FIG. 8 is
a block diagram illustrating a configuration of a display
device 3 according to Embodiment 3 of the invention. FIG.
9 is a flowchart illustrating operations of the display device
3

(Configuration of Display Device 3)

[0119] As illustrated in FIG. 8, the display device 3 is
different from the display device 1 in that the display control
circuit 10 is changed to a display control circuit 12. The
display control circuit 12 is different from the display control
circuit 10 in that the image data correction circuit 110 is
changed to an image data correction circuit 112. The image
data correction circuit 112 is different from the image data
correction circuit 110 in terms of including a deterioration
amount determination unit 180.

[0120] After the display device 3 operates for a fixed time,
the deterioration amount determination unit 180 refers to,
through the storage unit 145, the deterioration amount of the
organic light-emitting element of each of the pixel circuits
Aij, which is accumulated by the deterioration amount
accumulation unit 125. The deterioration amount determi-
nation unit 180 determines, for each of pixels corresponding
to the pixel circuits Aij, whether the deterioration amount of
the organic light-emitting element is equal to or more than
a second threshold. The deterioration amount determination
unit 180 instructs the deterioration amount accumulation
unit 125 to perform accumulation of the deterioration
amount only for a pixel whose deterioration amount is
determined to be equal to or more than the second threshold
and a peripheral region of the pixel. The peripheral region
may be, for example, a region of the pixel whose deterio-
ration amount is determined to be equal to or more than the
second threshold and three pixels adjacent thereto.

[0121] The deterioration amount accumulation unit 125 is
instructed by the deterioration amount determination unit
180 to perform, from a next frame, accumulation of the
deterioration amount only for a pixel whose deterioration
amount is determined to be equal to or more than the second
threshold and a peripheral region of the pixel. In accordance
with the instruction, the deterioration amount accumulation
unit 125 performs accumulation of the deterioration amount
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only for the pixel whose deterioration amount is determined
to be equal to or more than the second threshold and the
peripheral region of the pixel.

[0122] Note that, though the deterioration amount only for
the pixel whose deterioration amount is determined to be
equal to or more than the second threshold and the peripheral
region of the pixel is accumulated here, the number of times
of accumulation of the deterioration amount for the pixel
and the peripheral region of the pixel may be greater than the
number of times of accumulation of the deterioration
amount for the other region.

[0123] For example, in a screen of a smartphone or the
like, an icon is always displayed in an upper part of the
screen and an organic light-emitting element is more easily
deteriorated in the upper part of the screen where the icon is
displayed than the other display region. Thus, by calculating
the accumulated deterioration amount for each of pixels only
in a region of an upper end and/or a lower end of the screen,
information about the accumulated deterioration amount to
be stored in the storage unit 145 is able to be reduced. Since
the information about the accumulated deterioration amount
is able to be reduced, even when an interval of a time at
which the deterioration amount is accumulated is short,
deterioration is able to be corrected for a long time period
and resolution and accuracy are able to be improved.

(Operations of Display Device 3)

[0124] Operations of the display device 3 will be
described with reference to FIG. 9. As illustrated in FIG. 9,
the operations of the display device 3 are different from the
operations of the display device 1 in that processing of step
S170 is added.

[0125] After the processing of step S115, the deterioration
amount accumulation unit 125 instructs the deterioration
amount determination unit 180 to perform processing.
[0126] When the instruction to perform the processing is
given from the deterioration amount accumulation unit 125,
the deterioration amount determination unit 180 refers to,
through the storage unit 145, the deterioration amount of the
organic light-emitting element of each of the pixel circuits
Aljj, which is accumulated by the deterioration amount
accumulation unit 125. The deterioration amount determi-
nation unit 180 determines whether or not the deterioration
amount is equal to or more than the second threshold for
each of the pixels (step S170). The deterioration amount
determination unit 180 instructs the deterioration amount
accumulation unit 125 to perform, from a next frame,
accumulation of the deterioration amount only for a pixel
whose deterioration amount is determined to be equal to or
more than the second threshold and a peripheral region of
the pixel. The deterioration amount determination unit 180
instructs the threshold determination unit 130 to perform
processing. Processing after step S120 is similar to that of
the display device 1.

Embodiment 4

[0127] Another embodiment of the invention will be
described as follows with reference to FIGS. 10 and 11. Note
that, for convenience of description, a member having the
same function as that of the member described in the
aforementioned embodiments will be given the same refer-
ence sign and description thereof will be omitted. FIG. 10 is
a block diagram illustrating a configuration of a display
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device 4 according to Embodiment 4 of the invention. FIG.
11 is a flowchart illustrating operations of the display device
4.

(Configuration of Display Device 4)

[0128] As illustrated in FIG. 10, the display device 4 is
different from the display device 1 in that the display control
circuit 10 is changed to a display control circuit 13. The
display control circuit 13 is different from the display control
circuit 10 in that the image data correction circuit 110 is
changed to an image data correction circuit 113. The image
data correction circuit 113 is different from the image data
correction circuit 110 in terms of including an image data
adjustment unit 185 (adjustment unit), a total luminance
calculation unit 190 (average calculation unit), an average
luminance calculation unit 195 (average calculation unit),
and a luminance determination unit 200.

[0129] The image data adjustment unit 185 has the func-
tion of Brightness Control described above and adjusts
luminance of a pixel in accordance with brightness of a
surrounding environment in a place where the display device
1 is installed. The image data adjustment unit 185 stores the
adjusted luminance of the pixel in the storage unit 145.
[0130] The total luminance calculation unit 190 refers to,
through the storage unit 145, the luminance of the pixel,
which is adjusted by the image data adjustment unit 185. On
the basis of the luminance of the pixel adjusted by the image
data adjustment unit 185, the total luminance calculation
unit 190 calculates total luminance of all pixels. The total
luminance calculation unit 190 stores the calculated total in
the storage unit 145.

[0131] The average luminance calculation unit 195 refers
to, through the storage unit 145, the total calculated by the
total luminance calculation unit 190. The average luminance
calculation unit 195 divides the total by the number of all the
pixels and thereby calculates an average of the luminance of
all the pixels. The average luminance calculation unit 195
stores the calculated average in the storage unit 145.
[0132] The luminance determination unit 200 refers to,
through the storage unit 145, the average calculated by the
average luminance calculation unit 195. The luminance
determination unit 200 determines whether or not the aver-
age calculated by the average luminance calculation unit 195
is equal to or more than a third threshold (predetermined
threshold). The luminance determination unit 200 stores a
determination result in the storage unit 145.

[0133] In a case where the luminance determination unit
200 determines that the average of the luminance of all the
pixels is equal to or more than the third threshold, the
correction unit 135 performs processing described below.
The correction unit 135 calculates a correction value so as to
correct, in accordance with luminance of a pixel correspond-
ing to a pixel circuit Ajj (hereinafter, referred to as a seventh
pixel circuit) whose accumulated deterioration amount is
largest, luminance of a pixel corresponding to a pixel circuit
Ajij (hereinafter, referred to as an eighth pixel circuit) other
than the seventh pixel circuit. That is, the correction unit 135
calculates the correction value so that the luminance of the
pixel corresponding to the seventh pixel circuit and the
luminance of the pixel corresponding to the eighth pixel
circuit are the same. Note that, the correction unit 135 selects
the seventh pixel circuit so that luminance of image data in
the pixel corresponding to the seventh pixel circuit and
luminance of image data in the pixel corresponding to the
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eighth pixel circuit are the same. The correction unit 135
adds the correction value to luminance of a pixel corre-
sponding to each of the pixel circuits Aij. That is, when the
average of the luminance of all the pixels is equal to or more
than the third threshold, in accordance with luminance of a
pixel whose accumulated deterioration amount is largest,
luminance of a pixel other than the pixel whose accumulated
deterioration amount is largest is reduced, so that a differ-
ence of luminance is reduced as a whole.

[0134] On the other hand, in a case where the luminance
determination unit 200 determines that the average of the
luminance of all the pixels is less than the third threshold, the
correction unit 135 performs processing described below.
The correction unit 135 calculates the correction value so as
to perform correction by an amount of reduction from
luminance of a pixel corresponding to a pixel circuit Ajj
(hereinafter, referred to as a ninth pixel circuit) whose
organic light-emitting element is not deteriorated to lumi-
nance based on the accumulated deterioration amount of the
organic light-emitting element of each pixel circuit Ajj
(hereinafter, referred to as a tenth pixel circuit) whose
organic light-emitting element is deteriorated. That is, the
correction unit 135 calculates the correction value so that the
luminance of the pixel corresponding to the ninth pixel
circuit and the luminance of the pixel corresponding to the
tenth pixel circuit are the same. Note that, the correction unit
135 selects the ninth pixel circuit so that luminance of image
data in the pixel corresponding to the ninth pixel circuit and
luminance of image data in the pixel corresponding to the
tenth pixel circuit are the same. The correction unit 135 adds
the correction value to luminance of the pixel corresponding
to each of the pixel circuits Aij.

(Operations of Display Device 4)

[0135] Operations of the display device 4 will be
described with reference to FIG. 11. As illustrated in FIG.
11, the operations of the display device 4 are different from
the operations of the display device 1 in that processing of
step S175 and step S180 to step S200 is added.

[0136] The image data acquisition unit 115 instructs the
image data adjustment unit 185 to perform processing.
When the instruction to perform the processing is given
from the image data acquisition unit 115, the image data
adjustment unit 185 adjusts luminance of a pixel in accor-
dance with brightness of the surrounding environment in the
place where the display device 1 is installed (step S175). The
image data adjustment unit 185 stores the adjusted lumi-
nance of the pixel in the storage unit 145. The image data
adjustment unit 185 instructs the deterioration amount incre-
ment calculation unit 120 to perform processing. After that,
the processing of step S110 to step S120 is performed.
[0137] After the processing of step S120, in a case where
the deterioration amount of the organic light-emitting ele-
ment whose deterioration amount is largest is equal to or
more than the first threshold, the threshold determination
unit 130 instructs the total luminance calculation unit 190 to
perform processing. In a case where the deterioration
amount of the organic light-emitting element whose dete-
rioration amount is largest is less than the first threshold, the
threshold determination unit 130 instructs the display con-
trol unit 105 to perform processing.

[0138] When the instruction to perform the processing is
given from the threshold determination unit 130, the total
luminance calculation unit 190 refers to, through the storage
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unit 145, the deterioration amount of the organic light-
emitting element of each of the pixel circuits Aij, which is
accumulated by the deterioration amount accumulation unit
125. The total luminance calculation unit 190 calculates total
luminance of all pixels (step S180). The total luminance
calculation unit 190 stores the calculated total in the storage
unit 145. The total luminance calculation unit 190 instructs
the average luminance calculation unit 195 to perform
processing.

[0139] When the instruction to perform the processing is
given from the total luminance calculation unit 190, the
average luminance calculation unit 195 refers to, through the
storage unit 145, the total calculated by the total luminance
calculation unit 190. The average luminance calculation unit
195 divides the total by the number of all the pixels and
thereby calculates an average of luminance of all the pixels
(step S185). The average luminance calculation unit 195
stores the calculated average in the storage unit 145. The
average luminance calculation unit 195 instructs the lumi-
nance determination unit 200 to perform processing.
[0140] When the instruction to perform the processing is
given from the average luminance calculation unit 195, the
luminance determination unit 200 refers to, through the
storage unit 145, the average calculated by the average
luminance calculation unit 195. The luminance determina-
tion unit 200 determines whether or not the average of the
luminance of all the pixels, which is calculated by the
average luminance calculation unit 195, is equal to or more
than the third threshold (step S190). In a case where the
average of the luminance of all the pixels is equal to or more
than the third threshold, the luminance determination unit
200 instructs the correction unit 135 to perform processing
of step S195. In a case where the average of the luminance
of all the pixels is less than the third threshold, the luminance
determination unit 200 instructs the correction unit 135 to
perform processing of step S200.

[0141] The correction unit 135 is instructed by the lumi-
nance determination unit 200 to perform the processing of
step S195. The correction unit 135 refers to the accumulated
deterioration amount which is accumulated by the deterio-
ration amount accumulation unit 125 and stored in the
storage unit 145 and a relationship between the accumulated
deterioration amount and luminance, which is stored in
advance in the aged deterioration characteristic storage unit
155. The correction unit 135 corrects luminance of a pixel
other than a pixel whose accumulated deterioration amount
is largest, in accordance with luminance of the pixel whose
accumulated deterioration amount is largest (step S195).
Processing of the correction unit 135 here is as described
above.

[0142] Further, the correction unit 135 is instructed by the
luminance determination unit 200 to perform the processing
of step S200. In accordance with luminance of a pixel
corresponding to a pixel circuit Aij whose organic light-
emitting element is not deteriorated, the correction unit 135
corrects luminance based on the accumulated deterioration
amount of the organic light-emitting element of each of pixel
circuits Aij whose organic light-emitting element is deterio-
rated (step S200). Processing of the correction unit 135 here
is as described above. The correction unit 135 stores the
corrected image data in the output data storage unit 150 and
instructs the display control unit 105 to perform processing.
Processing of step S140 is similar to that of the display
device 1.
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[0143] Thus, in the display device 4, in the case where the
average calculated by the average luminance calculation unit
195 is equal to or more than the third threshold, in accor-
dance with the luminance of the pixel whose deterioration
amount accumulated by the deterioration amount accumu-
lation unit 125 is largest, luminance of a pixel other than the
pixel whose deterioration amount accumulated by the dete-
rioration amount accumulation unit 125 is largest is cor-
rected. As a result, in the case where the average calculated
by the average luminance calculation unit 195 is equal to or
more than the third threshold, for example, even when a
range of correction that allows an increase in luminance is
small, a difference of luminance is able to be reduced as a
whole in accordance with the luminance of the pixel whose
deterioration amount is largest.

[0144] Moreover, in the case where the average calculated
by the average luminance calculation unit 195 is less than
the third threshold, in accordance with the luminance of the
pixel whose organic light-emitting element is not deterio-
rated, the luminance of the pixel whose organic light-
emitting element is deteriorated is corrected. As a result, a
difference of luminance is able to be reduced as a whole in
accordance with the luminance of the pixel whose organic
light-emitting element is not deteriorated.

[Example of Realization by Software]

[0145] A control block (particularly, the image data acqui-
sition unit 115, the deterioration amount increment calcula-
tion unit 120, the deterioration amount accumulation unit
125, the threshold determination unit 130, the correction unit
135, the region division unit 160, the total deterioration
amount calculation unit 165, the average deterioration
amount calculation unit 170, the average deterioration
amount accumulation unit 175, or the deterioration amount
determination unit 180) of the image data correction circuit
110, 111, or 112 may be realized by a logic circuit (hard-
ware) formed in an integrated circuit (IC chip) or the like or
may be realized by software with use of a CPU (Central
Processing Unit).

[0146] In the latter case, the image data correction circuit
110, 111, or 112 includes a CPU that executes a command of
a program that is software enabling each of functions, a
ROM (Read Only Memory) or a storage device (each
referred to as a “recording medium™) in which the program
and various kinds of data are recorded so as to be readable
by a computer (or a CPU), a RAM (Random Access
Memory) that develops the program, and the like. An object
of the invention is achieved by a computer (or a CPU)
reading and executing the program from the recording
medium. As the recording medium, for example, a “non-
transitory tangible medium” such as a tape, a disk, a card, a
semiconductor memory, or a programmable logic circuit is
able to be used. The program may be supplied to the
computer via any transmission medium (such as a commu-
nication network or a broadcast wave) which allows the
program to be transmitted. Note that, an aspect of the
invention can also be achieved in a form of a data signal in
which the program is embodied through electronic trans-
mission and which is embedded in a carrier wave.

CONCLUSION

[0147] Adisplay device 1, 3 according to an aspect 1 of the
invention is a display device 1 including a display unit 20 in
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which a plurality of pixels each including an organic light-
emitting element are provided, and includes: a calculation
unit (deterioration amount increment calculation unit 120)
that calculates an increment of a deterioration amount of the
organic light-emitting element included in each of the pixels,
based on gradation data included in image data displayed in
the display unit; an accumulation unit (deterioration amount
accumulation unit 125) that accumulates, every fixed time,
the increment of the deterioration amount calculated by the
calculation unit; and a correction unit 135 that corrects
luminance of the pixel based on a total amount of increments
of the deterioration amount accumulated by the accumula-
tion unit.

[0148] According to the aforementioned configuration, the
accumulation unit accumulates the increment of the dete-
rioration amount every fixed time. Therefore, for example,
when considering that information about the deterioration
amount is stored in the storage unit, the information about
the deterioration amount to be stored in the storage unit is
able to be reduced. Accordingly, even in a case where the
information about the deterioration amount increases when
the number of pixels is large, the information about the
deterioration amount is able to be continuously stored in the
storage unit for a long time period. As a result, the display
device is able to correct image data for a long time period
even when the number of pixels is large.

[0149] In the display device 1, 3 according to an aspect 2
of the invention, after correcting the luminance of the pixel,
in a case where a maximum value of the luminance of the
pixel is equal to or less than an upper limit value that allows
display of the display unit 20, the correction unit 135 may
correct luminance of a pixel whose organic light-emitting
element is deteriorated, in accordance with luminance of a
pixel whose organic light-emitting element is not deterio-
rated, and after correcting the luminance of the pixel, in a
case where the maximum value of the luminance of the pixel
exceeds the upper limit value, the correction unit 135 may
correct luminance of a pixel other than a pixel whose total
amount of the increments of the deterioration amount accu-
mulated by the accumulation unit (deterioration amount
accumulation unit 125) is largest, in accordance with lumi-
nance of the pixel whose total amount of the increments of
the deterioration amount accumulated by the accumulation
unit is largest, in the aspect 1.

[0150] According to the aforementioned configuration,
after correcting the luminance of the pixel, in the case where
the maximum value of the luminance of the pixel is equal to
or less than the upper limit value that allows display, the
correction unit corrects the luminance of the pixel whose
organic light-emitting element is deteriorated in accordance
with the luminance of the pixel whose organic light-emitting
element is not deteriorated. As a result, it is possible to
reduce a difference of the luminance as a whole in accor-
dance with the luminance of the pixel whose organic light-
emitting element is not deteriorated.

[0151] Moreover, after correcting the luminance of the
pixel, in the case where the maximum value of the lumi-
nance of the pixel exceeds the upper limit value, the cor-
rection unit corrects the luminance of the pixel other than the
pixel whose total amount of the increments of the deterio-
ration amount accumulated by the accumulation unit is
largest, in accordance with the luminance of the pixel whose
total amount of the increments of the deterioration amount
accumulated by the accumulation unit is largest. As a result,
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it is possible to reduce a difference of the luminance as a
whole in accordance with the luminance of the pixel whose
total amount of the increments of the deterioration amount
is largest even when the maximum value of the corrected
luminance exceeds the upper limit value that allows display
of the display unit.

[0152] Thedisplay device 4 according to an aspect 3 of the
invention may further include: an adjustment unit (image
data adjustment unit 185) that adjusts luminance of a pixel
in accordance with a peripheral brightness; and an average
calculation unit (average luminance calculation unit 195)
that calculates an average of luminance of all the pixels on
a basis of the image data, in which in a case where the
average calculated by the average calculation unit is equal to
or more than a predetermined threshold (third threshold), the
correction unit 135 may correct luminance of a pixel other
than a pixel whose total amount of the increments of the
deterioration amount accumulated by the accumulation umt
(deterioration amount accumulation unit 125) is largest, in
accordance with luminance of the pixel whose total amount
of the increments of the deterioration amount accumulated
by the accumulation unit is largest, and in a case where the
average calculated by the average calculation unit is less
than the predetermined threshold (third threshold), the cor-
rection unit 135 may correct luminance of a pixel whose
organic light-emitting element is deteriorated, in accordance
with luminance of a pixel whose organic light-emitting
element is not deteriorated, in the aspect 1.

[0153] According to the aforementioned configuration, in
the case where the average calculated by the average cal-
culation unit is equal to or more than the predetermined
value, in accordance with the luminance of the pixel whose
total amount of the increments of the deterioration amount
accumulated by the accumulation unit is largest, the lumi-
nance of the pixel other than the pixel whose total amount
of the increments of the deterioration amount accumulated
by the accumulation unit is largest is corrected. As a result,
in the case where the average calculated by the average
calculation unit is equal to or more than the predetermined
threshold, for example, even when a range of correction that
allows an increase in luminance is small, a difference of
luminance is able to be reduced as a whole in accordance
with the luminance of the pixel whose total amount of the
increments of the deterioration amount is largest.

[0154] Moreover, in the case where the average calculated
by the average calculation unit is less than the predetermined
threshold, in accordance with the luminance of the pixel
whose organic light-emitting element is not deteriorated, the
luminance of the pixel whose organic light-emitting element
is deteriorated is corrected. As a result, a difference of
luminance is able to be reduced as a whole in accordance
with the luminance of the pixel whose organic light-emitting
element is not deteriorated.

[0155] An image data correction method according to an
aspect 4 of the invention is an image data correction method
in a display device including a display unit in which a
plurality of pixels each including an organic light-emitting
element are provided, and includes: a calculation step of
calculating an increment of a deterioration amount of the
organic light-emitting element included in each of the pixels,
based on gradation data included in image data displayed in
the display unit; an accumulation step of accumulating,
every fixed time, the increment of the deterioration amount
calculated at the calculation step; and a correction step of
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correcting luminance of the pixel based on the deterioration
amount accumulated at the accumulation step.

[0156] According to the aforementioned configuration, at
the accumulation step, the increment of the deterioration
amount is accumulated every fixed time. Therefore, for
example, when considering that information about the dete-
rioration amount is stored in the storage unit, the information
about the deterioration amount to be stored in the storage
unit is able to be reduced. Accordingly, even in a case where
the information about the deterioration amount increases
when the number of pixels is large, the information about the
deterioration amount is able to be continuously stored in the
storage unit for a long time period. As a result, the image
data correction method enables to correct image data for a
long time period even when the number of pixels is large.
[0157] In the image data correction method according to
an aspect 5 of the invention, at the correction step, after
correcting the luminance of the pixel, in a case where a
maximum value of the luminance of the pixel is equal to or
less than an upper limit value that allows display of the
display unit, luminance of a pixel whose organic light-
emitting element is deteriorated may be corrected in accor-
dance with luminance of a pixel whose organic light-
emitting element is not deteriorated, and after correcting the
luminance of the pixel, in a case where the maximum value
of the luminance of the pixel exceeds the upper limit value,
luminance of a pixel other than a pixel whose total amount
of increments of the deterioration amount accumulated at the
accumulation step is largest may be corrected in accordance
with luminance of the pixel whose total amount of the
increments of the deterioration amount accumulated at the
accumulation step is largest, in the aspect 4.

[0158] According to the aforementioned configuration, at
the correction step, after correcting the luminance of the
pixel, in the case where the maximum value of the lumi-
nance of the pixel is equal to or less than the upper limit
value that allows display, the luminance of the pixel whose
organic light-emitting element is deteriorated is corrected in
accordance with the luminance of the pixel whose organic
light-emitting element is not deteriorated. As a result, it is
possible to reduce a difference of the luminance as a whole
in accordance with the luminance of the pixel whose organic
light-emitting element is not deteriorated.

[0159] Moreover, at the correction step, after correcting
the luminance of the pixel, in the case where the maximum
value of the luminance of the pixel exceeds the upper limit
value, the luminance of the pixel other than the pixel whose
deterioration amount accumulated at the accumulation step
is largest is corrected in accordance with the luminance of
the pixel whose deterioration amount accumulated at the
accumulation step is largest. As a result, it is possible to
reduce a difference of the luminance as a whole in accor-
dance with the luminance of the pixel whose deterioration
amount is largest even when the maximum value of the
corrected luminance exceeds the upper limit value that
allows display.

[0160] A display device 2 according to an aspect 6 of the
invention is a display device 1 including a display unit 20 in
which a plurality of pixels each including an organic light-
emitting element are provided, and includes: a region divi-
sion unit 160 that divides a display surface of the display
unit into a plurality of regions; a total deterioration amount
calculation unit 165 that calculates, for each of the regions,
a total of increments of deterioration amounts of organic
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light-emitting elements included in respective pixels in the
region, based on gradation data included in image data
displayed in the display unit 20; an average deterioration
amount calculation unit 170 that calculates an average of the
increments of the deterioration amounts of the organic
light-emitting elements based on the total; an average accu-
mulation unit (average deterioration amount accumulation
unit 175) that accumulates the average; and a correction unit
135 that corrects luminance of the pixels based on the
average accumulated by the average accumulation unit.
[0161] According to the aforementioned configuration, the
average accumulation unit accumulates the average of the
increments of the deterioration amounts of the organic
light-emitting elements for each of the regions. Therefore,
an accumulation amount of the deterioration amount is
smaller than that in a case where the increment of the
deterioration amount is accumulated for each of pixels. For
example, when considering that information about the dete-
rioration amount is stored in the storage unit, the information
about the deterioration amount to be stored in the storage
unit is able to be reduced. Accordingly, even in a case where
the information about the deterioration amount increases
when the number of pixels is large, the information about the
deterioration amount is able to be continuously stored in the
storage unit for a long time period. As a result, the display
device is able to correct image data for a long time period
even when the number of pixels is large.

[0162] An image data correction method according to an
aspect 7 of the invention is an image data correction method
in a display device including a display unit in which a
plurality of pixels each including an organic light-emitting
element are provided, and includes: a region division step of
dividing a display surface of the display unit into a plurality
of regions; a total deterioration amount calculation step of
calculating, for each of the regions, a total of increments of
deterioration amounts of organic light-emitting elements
included in respective pixels in the region, based on grada-
tion data included in image data displayed in the display
unit; an average deterioration amount calculation step of
calculating an average of the increments of the deterioration
amounts of the organic light-emitting elements based on the
total; an average accumulation step of accumulating the
average; and a correction step of correcting luminance of the
pixels based on the average accumulated at the average
accumulation step.

[0163] According to the aforementioned configuration, at
the average accumulation step, the average of the increments
of the deterioration amounts of the organic light-emitting
element is accumulated for each of the regions. Therefore,
an accumulation amount of the deterioration amount is
smaller than that in a case where the increment of the
deterioration amount is accumulated for each of pixels. For
example, when considering that information about the dete-
rioration amount is stored in the storage unit, the information
about the deterioration amount to be stored in the storage
unit is able to be reduced. Accordingly, even in a case where
the information about the deterioration amount increases
when the number of pixels is large, the information about the
deterioration amount is able to be continuously stored in the
storage unit for a long time period. As a result, the display
device is able to correct image data for a long time period
even when the number of pixels is large.

[0164] The invention is not limited to each of the embodi-
ments described above, and may be modified in various
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manners within the scope indicated in the claims and an
embodiment achieved by appropriately combining technical
means disclosed in different embodiments is also encom-
passed in the technical scope of the invention. Further, by
combining the technical means disclosed in each of the
embodiments, a new technical feature may be formed.

REFERENCE SIGNS LIST

[0165] 1. 2, 3, 4 display device
[0166] 10, 11, 12, 13 display control circuit
[0167] 20 display unit
[0168] 30 source driver circuit
[0169] 40 gate driver circuit
[0170] 105 display control nit
[0171] 110, 111, 112, 113 image data correction circuit
[0172] 115 image data acquisition unit
[0173] 120 deterioration amount increment calculation
unit (calculation unit)
[0174] 125 deterioration amount accumulation unit (ac-
cumulation unit)
[0175] 130 threshold determination unit
[0176] 135 correction unit
[0177] 145 storage unit
[0178] 150 output data storage unit
[0179] 155 aged deterioration characteristic storage unit
[0180] 160 region division unit
[0181] 165 total deterioration amount calculation unit
[0182] 170 average deterioration amount calculation
unit
[0183] 175 average deterioration amount accumulation
unit (average accumulation unit)
[0184] 180 deterioration amount determination unit
[0185] 185 image data adjustment unit
[0186] 190 total luminance calculation unit (average
calculation unit)
[0187] 195 average luminance calculation unit (average
calculation unit)
[0188] 200 luminance determination unit
[0189] 205 region
[0190] 305 shift register
[0191] 310 register
[0192] 315 latch circuit
[0193] Ajj pixel circuit
[0194] Gi scanning line
[0195] Sj data line

1. A display device including a display unit in which a
plurality of pixels each including an organic light-emitting
element are provided, the display device comprising:

a calculation unit that calculates an increment of a dete-
rioration amount of the organic light-emitting element
included in each of the pixels, based on gradation data
included in image data displayed in the display unit;

an accumulation unit that accumulates, every fixed time,
the increment of the deterioration amount calculated by
the calculation unit; and

a correction unit that corrects luminance of the pixel
based on a total amount of increments of the deterio-
ration amount accumulated by the accumulation unit,
wherein

after correcting the luminance of the pixel, in a case where
a maximum value of the luminance of the pixel is equal
to or less than an upper limit value that allows display
of the display unit, the correction unit corrects lumi-
nance of a pixel whose organic light-emitting element
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is deteriorated, in accordance with luminance of a pixel
whose organic light-emitting element is not deterio-
rated, and

after correcting the luminance of the pixel, in a case where
the maximum value of the luminance of the pixel
exceeds the upper limit value, the correction unit cor-
rects luminance of a pixel other than a pixel whose total
amount of the increments of the deterioration amount
accumulated by the accumulation unit is largest, in
accordance with luminance of the pixel whose total
amount of the increments of the deterioration amount
accumulated by the accumulation unit is largest.

2. (canceled)

3. A display device including a display unit in which a

plurality of pixels each including an organic light-emitting
element are provided, the display device comprising:

a calculation unit that calculates an increment of a dete-
rioration amount of the organic tight-emitting element
included in each of the pixels, based on gradation data
included in image data displayed in the display unit;

an accumulation unit, that accumulates, every fixed time,
the increment of the deterioration amount calculated by
the calculation unit;

a correction unit that corrects luminance of the pixel
based on a total amount of increments of the deterio-
ration amount accumulated by the accumulation unit;

an adjustment unit that adjusts luminance of a pixel in
accordance with a peripheral brightness; and

an average calculation unit that calculates an average of
luminance of all the pixels based on the image data,
wherein

in a case where the average calculated by the average
calculation unit is equal to or more than a predeter-
mined threshold, the correction unit corrects luminance
of a pixel other than a pixel whose total amount of the
increments of the deterioration amount accumulated by
the accumulation unit is largest, in accordance with
luminance of the pixel whose total amount of the
increments of the deterioration amount accumulated by
the accumulation unit is largest, and

in a case where the average calculated by the average
calculation unit is less than the predetermined thresh-
old, the correction unit corrects luminance of a pixel
Whose organic light-emitting element is deteriorated,
in accordance with luminance of a pixel whose organic
light-emitting element is not deteriorated.

4. An image data correction method in a display device

including a display unit in which a plurality of pixels each
including an organic light-emitting element are provided,
the method comprising:

a calculation step of calculating an increment of a dete-
rioration amount of the organic light-emitting element
included in each of the pixels, based on gradation data
included in image data displayed in the display unit;

an accumulation step of accumulating, every fixed time,
the increment of the deterioration amount calculated at
the calculation step; and

a correction step of correcting luminance of the pixel
based on the deterioration amount accumulated at the
accumulation step, wherein

at the correction step,

after correcting the luminance of the pixel, in a case where
a maximum value of the luminance of the pixel is equal
to or less than an upper limit value that allows display
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of the display unit, luminance of a pixel whose organic
light-emitting element is deteriorated is corrected in
accordance with luminance of a pixel whose organic
light-emitting element is not deteriorated, and

after correcting the luminance of the pixel, in a case where
the maximum value of the luminance of the pixel
exceeds the upper limit value, luminance of a pixel
other than a pixel whose total amount of increments of
the deterioration amount accumulated at the accumu-
lation step is largest is corrected in accordance with
luminance of the pixel whose total amount of the
increments of the deterioration amount accumulated at
the accumulation step is largest.

5. (canceled)

6. (canceled)

7. (canceled)
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