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7) ABSTRACT

Disclosed is adisplay device that may include a display panel;
and a plurality of drivers that control the display panel to
display images and include an image control circuit, the
image control circuit including: an average picture level
(APL) circuit that analyzes first and second input image data
for first and second time intervals and calculates first and
second APLs, respectively, wherein the second time interval
precedes the first time interval, an adjusted-APL generator
that generates an adjusted-APL for the first input image data
based on a comparison between the first and second APLs,
and a luminance adjustment controller that adjusts a lumi-
nance of the display panel for the first input image data based
on the adjusted-APL.
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ORGANIC LIGHT-EMISSION DISPLAY
DEVICE WITHOUT FLICKERING

[0001] Thisapplication claims the priority of Korean Patent
Application No. 10-2014-0174220 filed on Dec. 05, 2014, in
the Korean Intellectual Property Office, the entire disclosure
of which is incorporated herein by reference for all purposes
as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device and
a method of driving the same. More specifically, the present
invention relates to an organic light-emitting display device
and method of driving the same that is capable of reducing
flicker.

[0004] 2. Discussion of the Related Art

[0005] Recently, various types of displays, which have
reduced weight and volume when compared to those of cath-
ode ray tube displays, have been developed. Examples for
these types of displays include liquid crystal displays (LCDs),
field emission displays, plasma display panels (PDPs),
organic light-emitting diode (OLED) displays, and the like.
[0006] OLED displays can display images using organic
light-emitting diodes which emit light through the recombi-
nation of electrons and holes. OLED displays also have many
advantages such as fast response speeds and low power con-
sumption.

[0007] With increasing demands on a large scale OLED
device, studies on saving power consumption of such a large
OLED device have been carried out.

[0008] In this connection, Korean Patent Application Pub-
lication No. 2011-0034985 discloses a display device that is
directed to saving power consumption. Also, Korean Patent
Application Publication No. 2011-0086244 describes a dis-
play device that is directed to reducing power consumption
using a PLC (peak luminance control) technique.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to
provide a display device and method of driving the same that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

[0010] An advantage of the present invention is directed to
an organic light-emitting display device and method of driv-
ing the same that is capable of reducing flicker.

[0011] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0012] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a display device may, for example,
include a display panel; and a plurality of drivers that control
the display panel to display images and include an image
control circuit, theimage control circuit including: an average
picture level (APL) circuit that analyzes first and second input
image data for first and second time intervals and calculates
first and second APLs, respectively, wherein the second time
interval precedes the first time interval, an adjusted-APL
generator that generates an adjusted-APL for the first input
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image data based on a comparison between the first and
second APLs, and a luminance adjustment controller that
adjusts a luminance of the display panel for the first input
image data based on the adjusted-APL.

[0013] Inanother aspect of the present invention, a method
of driving a display device having a display panel, the method
may, for example, include analyzing first and second input
image data for first and second time intervals and calculating
first and second APLs, respectively, wherein the second time
interval precedes the first time interval; comparing the first
APL with the second APL; determining whether or not an
absolute value of a difference between the first and second
APLs is equal to or higher than a threshold value; generating
an adjusted-APL for the first input image data based on the
absolute value of the difference between the first and second
APLs, when the absolute value of the difference is equal to or
higher than the threshold value; and adjusting a luminance of
the display panel for the first input image data based on the
adjusted-APL.

[0014] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0016] FIG. 1 illustrates a cross-sectional view of an
organic light-emitting display device according to an exem-
plary embodiment of the present disclosure;

[0017] FIGS. 2A and 2B are block diagrams illustrating a
method of controlling a luminance according to an exemplary
embodiment of the present disclosure;

[0018] FIG. 3 illustrates a table of luminance-control
parameters according to an exemplary embodiment of the
present disclosure;

[0019] FIG. 4 illustrates a graph of an average picture level
according to an exemplary embodiment of the present disclo-
sure; and

[0020] FIG. Sillustrates a flowchartof controlling an image
in the OLED device according to an exemplary embodiment
of the present disclosure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0021] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings.

[0022] In the following description, it should be noted that
references to “an” or “one” embodiment in this disclosure are
not necessarily to the same embodiment, and such references
mean at least one.

[0023] Although first, second, and the like are used in order
to describe various components, the components are not lim-
ited by the terms. The above terms are used only to discrimi-
nate one component from the other component. Therefore, a
first component mentioned below may be a second compo-
nent within the technical spirit of the present disclosure.
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[0024] Respective features of various exemplary embodi-
ments of the present disclosure can be partially or totally
joined or combined with each other and as sufficiently appre-
ciated by those skilled in the art. Various interworking or
driving can be technologically achieved and the respective
exemplary embodiments may be executed independently
from each other or together executed through an association
relationship.

[0025] A suffix “unit” used for constituent elements dis-
closed in the following description is merely intended for
easy description of the specification, and the suffix itself does
not give any special meaning or function. In describing the
present disclosure, if a detailed explanation for a related
known function or construction is considered to unnecessar-
ily divert the gist of the present disclosure, such explanation
has been omitted but would be understood by those skilled in
the art.

[0026] InFIG. 1, an organic light-emitting display (herein-
after, OLED) device 100 includes a display panel to display
thereon an image, various drivers including a gate driver, data
driver, and the like, a timing controller to control driving
times of the drivers, and various units to carry out operations
described therein below.

[0027] The display panel may include first and second sub-
strates 110 and 120. On the first substrate 100, an organic EL
diode 130, and the like may be formed, and on the second
substrate 120, red, green, blue, and white color filter patterns
(R, G, B, W) may be formed. The first and second substrates
110 and 120 may be made of transparent glass or flexible-
plastic or polymer film materials.

[0028] The display panel may have therein gate and data
lines to cross each other to define pixels. Each pixel may
include switching and driving transistors, storage capacitors,
organic EL diodes 130, and the like.

[0029] For driving the pixel, a scan signal may be first
supplied via the gate line to turn on the switching transistor,
and then a data signal may be supplied via the data line to a
gate electrode of the driving transistor. The driving transistor
may be turned on by the data signal to allow a current to flow
in the organic EL diode to generate a light-emission thereof.
The intensity of the light emission may be proportional to the
current in the diode. The amount of current in the diode may
be proportional to the data signal applied to the driver tran-
sistor. Inthis way, the display device may implement different
gradations (gray) via application of different data signals to
the pixel.

[0030] The storage capacitor may maintain the data signal
during a single frame to keep the current amount in the diode
constant and thus the gradation (gray) level from the diode.
[0031] The EL diode 130 may have a stack of a first elec-
trode 131, a light-emission layer 134 and a second electrode
136 in this order. The first electrode 132 as an anode may be
made of indium tin oxide. The light-emission layer 134 may
be formed over the first electrode 132 to emit a white light
toward the second electrade 136.

[0032] The second electrode 136 as a cathode may be
formed over the light-emission layer 134 and may contain a
metal with a lower work function to improve electron-injec-
tion level. Such a metal may be, for example, an alkali metal
such as lithium and an alkali earth metal such as magnesium.
[0033] Between the light-emission layer 134 and the first
electrode 132, and the second electrode 136, there may be a
stack of first and second light-emission compensation layers
to enhance light-emission efficiency.
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[0034] The data driver may include at least one driver IC to
supply data signals to the display panel. To do so, the data
driver may generate a data signal using a video signal (R/G/B)
and data control signals from the timing controller, and may
supply the data signal to the display panel.

[0035] The gate driver may be formed in a so-called GIP
(gate in panel) manner, and may generate a scan signal using
a control signal supplied from the timing controller, and the
scan signal may be supplied to the display panel. The gate
signals may include a gate state pulse, gate shift clock, etc.
[0036] The timing controller (or control unit) may receive a
number of control signals such as video signals, Vsync,
Hsync, data enable (DE) signal etc. from, for example, a
graphic card system via, for example, LVDS (Low Voltage
Differential Signal) interface. The timing controller may gen-
erate data signals and supply them to the driver IC of the data
driver.

[0037] The OLED device 100 may further include a power
supply to supply the power and drive the components of the
device. The power supply may generate driver voltages using
a power voltage from an external source.

[0038] The OLED device 100 may apply a peak luminance
control (PLC) function in order to reduce the power consump-
tion and increase the lifetime thereof.

[0039] The PLC function may serve to automatically con-
trol a luminance based on a screen brightness to reduce the
average power consumption. However, when performing the
PLC function, APL (Average Picture Level) per frame may
sharply vary, resulting in a change of the highest voltage y
(gamma) corresponding thereto. This may lead to flicker
since an abrupt change in gamma may cause an overall lumi-
nance change. Therefore, there is a need for addressing such
a sharp luminance change caused by a rapid change in APL.
Hereinafter, a PLC function or scheme that is capable of
reducing flicker, which is applied to an OLED device, will be
described in detail by way of example.

[0040] FIGS. 2A and 2B are block diagrams illustrating a
method of controlling a luminance according to an exemplary
embodiment of the present invention.

[0041] AnOLED device may control or adjust aluminance
by applying a PL.C function. This luminance control may be
carried out by an image controller, a timing controller, or
driver IC, etc. on a hardware and/or software basis. Such
control may be performed by a single entity having multiple
functionalities combined as an integrated circuit or otherwise
merged together, or by two or more entities that share coop-
erative functions.

[0042] Referringto FIG. 2A, an image controller according
to an embodiment of the present invention may include an
APL calculation unit (a first semiconductor circuit) 210, an
adjusted-APL generation unit (a second semiconductor cir-
cuit) 220 and a luminance adjustment unit (a third semicon-
ductor circuit) 230. This image controller may be a part of the
OLED device 100. Thus, as used herein, the image control via
the OLED device may mean via the image controller.
[0043] When a frame containing a specific image is input,
the APL calculation unit 210 may analyze an input frame data
corresponding to the specific image to calculate or acquire a
first APL for the input frame. The APL represents a ratio of an
average brightness of the input frame data for the current
frame to a maximum brightness set for each frame. Thus, as
the given image is displayed brighter, the APL is placed
nearer to 100%, and as the given image is displayed darker,
the APL is placed nearer to 0%.
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[0044] The APL may be calculated on a single-frame basis
or on a basis of plural frames. In other words, the APL cal-
culation unit 210 may calculate an APL per one frame or one
frame-block, with the block consisting of a number of frames.
[0045] The APL may be calculated to reflect video charac-
teristics of the input frame. For example, the APL may be
calculated to be correlated with the respective numbers of red,
green and blue pixels rendered to present the image contained
in the input frame. Further, in calculating the APL, weight
factors may be applied, and the weight factors are respec-
tively pre-determined for the red, green and blue pixels driven
(turned-on) to present the image contained in the input frame.
[0046] One example of such calculating of the APL may be
as follows:

(eq. 1)

30> @Ry + bGy + cBy)

i=0
HEXVEx28

[0047] where R, G, and B,, respectively represent values
of red, green and blue pixels turned-on in a (i,j) coordinate in
the input frame; a, b, and ¢ represent weight factors respec-
tively defined with respect to the red, green and blue pixels;
HE and VE represent numbers of coordinates in horizontal
and vertical directions, respectively; and g represents a gray
depth.

[0048] Thea,b,and c may be defined to be 0.2,0.7 and 0.1,
respectively. That is, the blue color may have a relatively
lower weight factor due to its lower contribution to brightness
or darkness, while the green color may have a relatively
higher weight factor due to its higher contribution. The g may
be usually 8 (256 colors).

[0049] Whenthe APL in aunit frame (e.g., a single frame or
plural frames) changes rapidly, the OLED device may adjust
arate of the change to buffer or reduce a corresponding sharp
luminance change. In particular, the image controller may
allow a display luminance to change in a buffering or reduced
slope to lead to a dimming effect. Thus, due to the dimming
effect, the viewer may notice less flicker.

[0050] To accomplish the dimming effect, the adjusted-
APL generation unit 220 may generate an adjusted-APL for
the current input frame based on comparison between first
and second APLs, where the first APL may be calculated for
the current input frame and the second APL. may be calculated
for a previous input frame. A predetermined interval may be
placed between the current and previous frames. As disclosed
above, the adjusted-APL may serve to buffer the change
between the frames. A luminance adjustment of the OLED
device may be performed based on the adjusted-APL.
[0051] The generation unit 220 may be configured to gen-
erate the adjusted-APL based on a difference therebetween,
when the first and second APLs are unequal. In other words,
the generation unit 220 may be configured not to generate the
adjusted-APL, when the first and second APLs are equal. Ina
non-event of the adjusted-APL generation, the first APL, may
be employed as is.

[0052] The adjusted-APL may be calculated based on the
difference between the first and second APLs. One example
of such an adjusted-APL generation may be as follows:

Adjusted APL_=Second APL+(First_ APL-Second_
APL)/dimming slope, (eq. 2),

where the dimming slope represents a buffering degree.
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[0053] As seen from the above equation, with a lower dim-
ming slope, the adjusted-APL may tend to be close to the first
APL for the current input frame. To the contrary, with a higher
dimming slope, the adjusted-APL may tend to be close to the
second APL for the previous input frame. In this way, the
lower dimming slope may contribute to a higher APL change
rate, namely a sharp APL change, while the higher dimming
slope may contribute to a lower APL change rate, namely, a
gentle APL change.

[0054] The second equation may result in three following
conditions on the latter term “(First APL_-Second _APL)/
dimming slope™: positive, negative and zero. For these three
conditions, an APL adjustment may be as follows:

[0055] (1) Current APL (first APL)>Previous APL (sec-
ond APL): the APL for the current frame increases rela-
tive to the APL for the previous frame. In this case,
additive APL adjustment may be applied. That is, the
adjusted-APL may increase by the term “(First_ APL-
Second_APL)/dimming slope” value.

[0056] (2) Current APL (first APL)<Previous APL (sec-
ond APL): the APL for the current frame decreases rela-
tive to the APL for the previous frame. In this case,
subtractive APL adjustment may be applied. That is, the
adjusted-APL may decrease by the term “(First_ APL-
Second_APL)/dimming slope” value.

[0057] (3) Current APL (first APL)=Previous APL (sec-
ond APL): the APL for the current frame is equal to the
APL for the previous frame. In this case, there is no APL
adjustment. Thus, the luminance may not change.

[0058] To perform the above operations, the generation unit
220 may include an operation unit (such as a +/- calculator)
and a divider as illustrated in FIG. 2B.

[0059] The generation unit 220 may be subject to a thresh-
old-based operation. Only when the first APL is above a
predetermined threshold, the generation unit 220 may be
triggered and generate the adjusted-APL.

[0060] The luminance adjustment unit 230 may control the
luminance for the current frame based on the generated
adjusted-APL. In other words, the luminance of the current
frame may be adjusted in a corresponding manner to the
adjusted-APL. The luminance adjustment unit 230 may
change the luminance by a predetermined value correspond-
ing to that of the adjusted-APL. To do so, in one embodiment,
the luminance adjustment unit 230 may adjust the luminance
with reference to and in correspondence with a look-up table
of APL and gamma voltages. For example, the look-up table
(or other types of entities) may be used to store a set of the
adjusted-APLs and a set of gamma voltages (e.g., highest
gamma voltages) that correspond to each other on a one-to-
one basis so that each adjusted-APL has a corresponding
gamma voltage. Such a table may be stored in the luminance
adjustment unit 230 or in a separate location.

[0061] The image controller (or the OLED display device)
may have a storage to store therein the first, second and
adjusted APLs, and control parameters (operation threshold,
dimming slope, and the like). The storage may supply the
second APL on request thereof by the generation unit 220,
and may store therein the adjusted-APL generated by the
generation unit 220. Further, the storage unit may supply the
adjusted-APL to the luminance adjustment unit 230.

[0062] FIG. 3 illustrates a table of luminance-control
parameters according to an exemplary embodiment of the
present disclosure. These parameters may be employed to
generate the adjusted-APL as described with reference to
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FIGS. 2A and 2B. These parameters may be stored in the
storage (memory, register, or the like) and transferred to an
associated functional unit as needed. The parameters may be
configured in a register as shown in FIG. 3. Each definition of
fields as shown in FIG. 3 is as follows:

[0063] AL_RED: red weight factor

[0064] AL_GRN: green weight factor

[0065] AL_BLU: blue weight factor

[0066] LIMIT_PLC: APL value at PLC operation start
[0067] AL_TH_EN: whether to activate APL initializa-

tion in case of current APL exceeding APL limit
[0068] AL_TH: APL limit
[0069] AL_FR: number of frames in a frame-block in
case of APL calculation for the frame-block
[0070] DIM_SLOPE: buffering factor for APL change
rate; dimming rate adjustment factor
[0071] FIG. 4 illustrates a graph of an average picture level
according to an exemplary embodiment of the present disclo-
sure. The graph shows a difference between an original APL
change and an adjusted-APL change. In the latter case, each
of the dimming slopes 2 and 8 was applied. An APL threshold
for applying the adjusted-APL was set to be 60%. The PLC
behavior using the original APL shows a sharp luminance
change dueto arapid APL change. This leads to flicker. To the
contrary, the PLC behavior using the adjusted-APL shows a
gentle luminance change due to a lower APL change rate.
This can reduce flicker.
[0072] FIG.5illustrates a flowchart of controlling an image
in the OLED device according to an exemplary embodiment
of the present disclosure. The controlling operations may be
carried out by the OLED device, or specifically by the image
controller thereof, as described with reference to FIG. 1 to
FIG. 4.
[0073] First, this method proceeds to operation S510 where
the OLED device, using the APL calculation unit 210, ana-
lyzes an input frame data having a specific image to calculate
or acquire a first APL for the input frame. The APL may be
calculated on a single-frame basis or on a basis of plural
frames. In other words, the APL calculation unit 210 may
calculate an APL per one frame, one frame-block, or a block
consisting of a number of frames.
[0074] The APL may be calculated to reflect video charac-
teristics of the input frame. For example, the APL may be
calculated to be correlated with the respective numbers of red,
green and blue pixels driven (turned on) to present the image
contained in the input frame. Further, in calculating the APL,
weight factors may be applied, where the weight factors being
respectively pre-determined for the red, green and blue pixels
are rendered to present the image contained in the input
frame. In case of a combination of the former and latter, the
application of the factors may be carried out for respective
numbers of the red, green and blue pixels corresponding to
the current frame.
[0075] One example of such a combination in calculating
the APL may be as follows:

HEVE (eq. 1)
Q0 (aR‘-j + bGij +cB;;
apL=""2 J
= HE;VES

[0076] where R, G, and B, respectively represent red,

green and blue pixels rendered in a (i,j) position in the input
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frame; a, b, and c represent weight factors respectively asso-
ciated with the red, green and blue pixels; HE and VE repre-
sent numbers of pixel positions in horizontal and vertical
directions, respectively; and g represents a gradation (gray)
depth for the input frame.

[0077] Then, the method proceeds to operation S520 where
the OLED device, for example, using the adjusted-APL gen-
eration unit 220, compares the first APL. with a second APL,
where the second APL is calculated for a previous input frame
to the current input frame. A predetermined interval may exist
in between the current and previous frames.

[0078] Next, the method proceeds to operation S530 where
the OLED device, for example, using the adjusted-APL gen-
eration unit, determines whether the first APL is equal to the
second APL or not.

[0079] Upon determination of whether or not the first APL
is equal to the second APL, this method proceeds to operation
S550 where the OLED device controls the luminance using
the first APL or the second APL. In this case, the adjusted-
APL generation unit 220 may not generate an adjusted-APL.
Thus, the luminance may be kept unchanged.

[0080] Otherwise, upon determination of whether or not
the first APL is equal to the second APL, this method proceeds
to operation S540 where the generation unit 220 generates an
adjusted-APL based on a difference therebetween. As dis-
closed above, the adjusted-APL may be any value between
the first and second APLs to lower an APL change rate.
[0081] The adjusted-APL, may be calculated based on a
difference between the first and second APLs. One example
of such an adjusted-APL generation may be as follows:

Adjusted APL=Second APL+(First APL-Second

APL)/dimming slope, (eq. 2),

where the dimming slope may be employed to buffer an
APL-change rate.

[0082] As seen from the above equation, with a lower dim-
ming slope, the adjusted-APL may tend to be close to the first
APL for the current input frame, resulting in a small contri-
bution to the API change rate buffering. To the contrary, with
a higher dimming slope, the adjusted-APL may tend to be
close to the second APL for the previous input frame, result-
ing in a higher contribution to the API change rate buffering.
In this way, the lower dimming slope may contribute to a
higher APL change rate, namely a sharp APL change, while
the higher dimming slope may contribute to a lower APL
change rate, namely, a gentle APL change.

[0083] The second equation may result in two following
conditions on the latter term “(First_APL-Second_APL)/
dimming slope™: positive and negative (in this case, “zero”
case is excluded due to the first and second APLs being
unequal. For these two conditions, an APL adjustment may be
as follows:

[0084] (1) Current APL (first APL)>Previous APL (sec-
ond APL): the APL for the current frame increases rela-
tive to the APL for the previous frame. In this case,
additive APL adjustment may be applied. That is, the
adjusted-APL may increase by the term “(First_ APL-
Second_APL)/dimming slope” value.

[0085] (2) Current APL (first APL)<Previous APL (sec-
ond APL): the APL for the current frame decreases rela-
tive to the APL for the previous frame. In this case,
subtractive APL adjustment may be applied. That is, the
adjusted-APL may decrease by the term “(First_ APL-
Second_APL)/dimming slope” value.
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[0086] Theoperation S540 may be triggered in a threshold-
based. That is, the operation S540 may be performed only
when the first APL is above a predetermined threshold.
[0087] Thereafter, the method proceeds to operation S560
where the OLED device, using the luminance adjustment unit
230, controls the luminance for the current frame based on the
generated adjusted-APL. In other words, the luminance of the
current frame may be adjusted in a corresponding manner to
the adjusted-APL. The unit 230 may change the luminance by
a predetermined value corresponding to the adjusted-APL.
[0088] Further, the OLED device, in particular, the image
controller may store in a storage (not shown) the first, second
and adjusted APLs, and control parameters (operation thresh-
old, dimming slope, etc).

[0089] In one implementation, the storage may include a
non-transitory computer-readable storage medium. The com-
puter readable medium is a storage device for any data that
can store data which can thereafter be read by a computer
system. Examples of the computer readable medium include
hard drives, network attached storage (NAS), logic circuits,
read-only memory, random-access memory, CD-ROMs, CD-
Rs, CD-RWs, magnetic tapes, and other optical and non-
optical data storage devices. The computer readable medium
can also be distributed over a network coupled computer
systems so that the computer readable code is stored and
executed in a distributed fashion.

[0090] It should be understood that the instructions repre-
sented by the operations in the above figures are not required
to be performed in the order illustrated, and that all the pro-
cessing represented by the operations may not be necessary to
practice the disclosure. Further, the processes described in
any of the above figures can also be implemented in software
stored in any one of or combinations of the RAM, the ROM,
or the hard disk drive.

[0091] The foregoing description is merely illustrative in
nature and is in no way intended to limit the disclosure, its
application, or uses. The broad teachings of the disclosure can
be implemented in a variety of forms. Therefore, while this
disclosure includes particular examples, the true scope of the
disclosure should not be so limited since other modifications
will become apparent upon a study of the drawings, the speci-
fication, and the following claims. As used herein, the phrase
at least one of A, B, and C should be construed to mean a
logical (A or B or C), using a non-exclusive logical OR. It
should be understood that one or more steps within a method
may be executed in different order (or concurrently) without
altering the principles of the present disclosure.

[0092] In this application, including the definitions below,
the term controller may be replaced with the term semicon-
ductor chip, circuit, etc. The term controller may refer to, be
part of, or include an Application Specific Integrated Circuit
(ASIC); a digital, analog, or mixed analog/digital discrete
circuit; a digital, analog, or mixed analog/digital integrated
circuit; a combinational logic circuit; a field programmable
gate array (FPGA); a processor (shared, dedicated, or group)
that executes code; memory (shared, dedicated, or group) that
stores code executed by a processor; other suitable hardware
components that provide the described functionality; or a
combination of some or all of the above, such as in a system-
on-chip.

[0093] The term code, as used above, may include sofi-
ware, firmware, and/or microcode, and may refer to pro-
grams, routines, functions, classes, and/or objects. The term
shared processor encompasses a single processor that
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executes some or all code from multiple controllers. The term
group processor encompasses a processor that, in combina-
tion with additional processors, executes some or all code
from one or more controllers. The term, shared memory,
encompasses a single memory that stores some or all code
from multiple controllers. The term group memory encom-
passes a memory that, in combination with additional memo-
ries, stores some or all code from one or more controllers. The
term memory may be a subset of the term computer-readable
medium. The term computer-readable medium does not
encompass transitory electrical and electromagnetic signals
propagating through a medium, and may therefore be consid-
ered tangible and non-transitory. Non-limiting examples of a
non-transitory tangible computer readable medium include
nonvolatile memory, volatile memory, magnetic storage, and
optical storage.

[0094] The apparatuses and methods described in this
application may be partially or fully implemented by one or
more computer programs executed by one or more proces-
sors. The computer programs include processor-executable
instructions that are stored in at least one non-transitory tan-
gible computer readable medium. The computer programs
may also include and/or rely on stored data.

[0095] The present disclosure has been described in more
detail with reference to the exemplary embodiments, but the
present disclosure is not limited to the exemplary embodi-
ments. It will be apparent to those skilled in the art that
various modifications can be made without departing from
the technical substance of the disclosure. Accordingly, the
exemplary embodiments disclosed in the present disclosure
are used not to limit but to describe the technical spirit of the
present disclosure, and the technical substance of the present
disclosure is not limited to the exemplary embodiments.
Therefore, the exemplary embodiments described above are
considered in all respects to be illustrative and not restrictive.
The protection scope of the present disclosure must be inter-
preted by the appended claims and it should be interpreted
that all technical substances within a scope equivalent thereto
are included in the appended claims of the present disclosure.
[0096] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the substance or
scope of the invention. Thus, it is intended that the present
invention cover the modifications and variations of this inven-
tion provided they come within the scope of the appended
claims and their equivalents.

What is claimed is:
1. A display device comprising:
a display panel; and
a plurality of drivers that control the display panel to dis-
play images and include an image control circuit, the
image control circuit including:
an average picture level (APL) circuit that analyzes first
and second input image data for first and second time
intervals and calculates firstand second APLs, respec-
tively, wherein the second time interval precedes the
first time interval,
an adjusted-APL generator that generates an adjusted-
APL for the first input image data based on a com-
parison between the first and second APLs, and
a luminance adjustment controller that adjusts a lumi-
nance of the display panel for the first input image
data based on the adjusted-APL.
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2. The display device of claim 1, wherein the first time
interval has a same duration as the second time interval.

3. The display device of claim 2, wherein the first and
second time intervals are one of a sub-frame, a single frame
and multiple frames.

4. The display device of claim 1, wherein the first APL is
calculated based on aratio of an average brightness of the first
input image data for the first time interval to a maximum
brightness set for the first time interval.

5. The display device of claim 4, wherein the first APL is
calculated by applying different weight factors to red, green
and blue data of the first input image data.

6. The display device of claim 1, further comprising a
memory that stores the second APL.

7. The display device of claim 1, wherein the adjusted-APL
generator does not generate the adjusted-APL for the first
input image data, when an absolute value of a difference
between the first and second APLs or a value of the first APL
is lower than a threshold value.

8. The display device of claim 1, wherein the luminance
adjustment controller adjusts the luminance of the display
panel for the first input image data based on the first APL,
when an absolute value of a difference between the first and
second APLs is lower than a threshold value.

9. The display device of claim 1, wherein the adjusted-APL
generator generates the adjusted-APL based on the following
equation:

the adjusted APL =the second APL+(the first APL-the

second APLYa dimming slope, where the dimming
slope represents a buffering degree.

10. The display device of claim 1, wherein the adjusted-
APL generator includes a +/— calculator and a divider.

11. The display device of claim 1, further comprising a
look-up table that stores a reference value corresponding to
the adjusted-APL.

12. The display device of claim 11, wherein the luminance
adjustment controller adjusts the luminance of the display
panel for the first input image data in correspondence with the
reference value in the look-up table.

13. The display device of claim 1, wherein the display
panel is an organic light-emitting display device that includes
an anode, a cathode and a light-emission layer between the
anode and the cathode.
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14. A method of driving a display device having a display
panel, the method comprising:

analyzing first and second input image data for first and

second time intervals and calculating first and second
average picture levels (APLs), respectively, wherein the
second time interval precedes the first time interval;
comparing the first APL with the second APL;
determining whether or not an absolute value of a differ-
ence between the first and second APLs is equal to or
higher than a threshold value;
generating an adjusted-APL for the first input image data,
when the absolute value of the difference between the
first and second APLs or a value of'the first APL is equal
to or higher than the threshold value; and

adjusting aluminance of the display panel for the first input

image data based on the adjusted-APL.

15. The method of claim 14, wherein the adjusting the
luminance of the display panel for the first input image data is
based on the first APL, when the absolute value of the differ-
ence between the first and second APLs is lower than the
threshold value.

16. The method of claim 14, wherein the first time interval
has a same duration as the second time interval, and wherein
the first and second time intervals are one of a sub-frame, a
single frame and multiple frames.

17. The method of claim 14, further comprising storing the
second APL in a memory.

18. The method of claim 14, wherein the generating the
adjusted-APL is based on the following equation:

the adjusted APL=the second APL+(the first APL~the sec-

ond APL)/a dimming slope, where the dimming slope
represents a buffering degree.

19. The method of claim 14, wherein the adjusting the
luminance ofthe display panel for the first input image data is
in correspondence with a reference value stored in a look-up
table.

20. The method of claim 14, wherein the display panel is an
organic light-emitting display device that includes an anode,
a cathode and a light-emission layer between the anode and
the cathode.
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