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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS PERFORMING A SENSING FOR
AN EXTERNAL COMPENSATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of the Korean Patent
Application No. 10-2014-0084562 filed on Jul. 7, 2014,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND

Field of the Invention

The present invention relates to a method of driving a
display apparatus, and more particularly, to a display appa-
ratus for performing external compensation through a sens-
ing line.

Discussion of the Related Art

A flat panel display (FPD) apparatus is applied to various
electronic devices such as portable phones, tablet personal
computers (PCs), notebook computers, monitors, etc.
Examples of the FPD apparatus include liquid crystal dis-
play (LCD) apparatuses, plasma display panel (PDP) appa-
ratuses, organic light emitting display apparatuses, etc.
Recently, electrophoretic display (EPD) apparatuses are
being widely used as one type of the FPD device.

In the display apparatuses, the organic light emitting
display apparatuses use a self-emitting apparatus and thus
have a fast response time, high emission efliciency, high
luminance, and a wide viewing angle.

The organic light emitting display apparatuses are self-
emitting apparatuses where an organic light emitting diode
(OLED) emits light through a recombination of an electron
and a hole to display an image, and have a fast response time
and low consumption power. Since the organic light emitting
display apparatuses use a self-emitting device, the organic
light emitting display apparatuses have an excellent viewing
angle. Therefore, the organic light emitting display appara-
tuses are attracting much attention as next-generation FPD
apparatuses.

However, in a related art organic light emitting display
apparatus, a deviation of characteristics such as a threshold
voltage (Vth) and a mobility of a driving transistor occurs in
each of a plurality of pixels due to causes such as a process
differential, deterioration, and/or the like. Therefore, the
amounts of currents for driving a plurality of OLEDs differ,
and for this reason, a luminance deviation between pixels
occurs.

To solve such a problem, an external compensation
method that corrects input image data to compensate for a
characteristic change of a driving transistor included in each
pixel is disclosed in Korean Patent Publication No. 10-2013-
0066449 (hereinafter referred to as a prior art reference).

FIG. 1 is an exemplary diagram for describing a method
of performing sensing for external compensation in a related
art organic light emitting display apparatus.

A plurality of pixels should be continuously sensed for
performing external compensation.

For example, when red pixels, white pixels, green pixels,
and blue pixels are provided on one horizontal line n, the
related art organic light emitting display apparatus first
senses and stores threshold voltages or mobility of the red
pixels as illustrated in portion (a) of FIG. 1, subsequently
senses and stores threshold voltages or mobility of the white
pixels as illustrated in portion (b) of FIG. 1, subsequently
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2

senses and stores threshold voltages or mobility of the green
pixels as illustrated in portion (c) of FIG. 1, and finally
senses and stores threshold voltages or mobility of the blue
pixels as illustrated in portion (d) of FIG. 1. Subsequently,
related art organic light emitting display apparatus repeats
the above-described operation on a plurality of pixels which
are provided on a next horizontal line.

However, as a size of a panel is enlarged and the image
quality of the panel is far more sharpened, a period which is
required for sensing characteristics (threshold voltages or
mobility) of the pixels is progressively increasing.

For example, 2,160 horizontal lines are provided in a
panel applied to an ultra-high definition (UHD) display
apparatus, and when the panel is configured with red (R),
green (G), blue (B), and white (W) pixels, 15,360 (=3840x4)
pixels are provided on one horizontal line.

In this case, sensing is performed 8,640 (=2160 linesx4)
times for sensing all pixels provided in a whole panel by
using a method illustrated in FIG. 1.

Therefore, in the panel, a long period is required for
sensing all the pixels.

Generally, the sensing operation is performed during a
blank time between frames or when a display apparatus is
turned off. Therefore, when the sensing period becomes
longer, it is difficult to sense all pixels during the blank time.
Also, even when the display apparatus is turned off, it is
difficult to normally sense all the pixels. When the blank
time becomes longer, a period where an image is displayed
becomes shorter, causing the degradation in image quality.
For this reason, it is difficult to increase the blank time
depending on the sensing period.

FIG. 2 is an exemplary diagram for describing a method
of calculating a sensing value of a pixel, where sensing is not
performed, by using an mean value in an organic light
emitting display apparatus.

As described above, as a size of a panel is enlarged and
the image quality of the panel is far more sharpened, a
sensing period for sensing characteristics of all pixels
increases. For this reason, it is difficult to sense the charac-
teristics of all the pixels during a limited period.

To solve such a problem, a method of calculating a
sensing value illustrated in FIG. 2 has been proposed.

For example, as illustrated in FIG. 2, sensing is substan-
tially performed for four pixels, and sensing values are
collected. Sensing is not performed for one pixel (hereinafter
simply referred to as a non-sensing pixel) surrounded by the
four pixels (hereinafter simply referred to as sensing pixels).
In this case, a sensing value of the non-sensing pixel is
calculated based on an mean value of the sensing pixels.

However, as illustrated in FIG. 2, when at least one of the
sensing pixels is a defective pixel, the sensing value of the
non-sensing pixel is large in error.

For example, in a case where a sensing value of 500+100
is a sensing value of a normal pixel and a sensing value of
a defective pixel which is not normally driven is 0, although
the non-sensing pixel in the middle of the sensing pixels is
a normal pixel, when a related art method of calculating a
sensing value by using an mean value is applied, a sensing
value of the non-sensing pixel is calculated as 383.

Therefore, although an actual compensation value is
within a range of 500+100, the non-sensing pixel is com-
pensated for by an abnormal external compensation value,
and for this reason, the non-sensing pixel is abnormally
driven.

SUMMARY

Accordingly, the present invention is directed to a display
apparatus that substantially obviates one or more problems
due to limitations and disadvantages of the related art.
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An object of the present invention is to provide a display
apparatus that performs external compensation by using
sensing data generated through actual sensing and calcula-
tion data which is calculated based on the sensing data with
a median filter.

Additional advantages and features of the invention will
be set forth in part in the description which follows and in
part will become apparent to those having ordinary skill in
the art upon examination of the following or may be learned
from practice of the invention. The objectives and other
advantages of the invention may be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the invention, as embodied and broadly
described herein, an organic light emitting display apparatus
comprises a panel where a plurality of subpixels configuring
a unit pixel are provided on each of a plurality of horizontal
lines, and sensing for external compensation is performed
for each horizontal line; a sensing unit configured to, when
a sensing period arrives, perform the sensing for the external
compensation for each horizontal line of the panel to collect
sensing data including characteristic information of the
plurality of subpixels; a calculator configured to calculate,
by using a median filter, calculation data including charac-
teristic information of a non-sensing subpixel which is not
sensed among the plurality of subpixels, based on the
sensing data and calculate an external compensation value,
based on the sensing data and the calculation data; a data
aligner configured to, when input image data corresponding
to a subpixel for which the external compensation is not
required is received, realign the input image data to generate
normal image data and, when input image data correspond-
ing to a subpixel for which the external compensation is
required is received, compensate for the input image data to
generate compensation image data, based on the external
compensation value; and a data driver configured to convert
the normal image data into a normal data voltage, convert
the compensation image data into a compensation data
voltage, and supply the normal data voltage and the com-
pensation data voltage to a plurality of data lines provided in
the panel.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is an exemplary diagram for describing a method
of performing sensing for external compensation in a related
art organic light emitting display apparatus;

FIG. 2 is an exemplary diagram for describing a method
of calculating a sensing value of a pixel, where sensing is not
performed, by using an mean value in an organic light
emitting display apparatus;

FIG. 3 is an exemplary diagram schematically illustrating
a configuration of an organic light emitting display appara-
tus according to an example embodiment of the present
invention;
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FIG. 4 is an exemplary diagram illustrating a configura-
tion of a controller applied to an organic light emitting
display apparatus according to an example embodiment of
the present invention;

FIG. 5 is an exemplary diagram illustrating a configura-
tion of a data driver applied to an organic light emitting
display apparatus according to an example embodiment of
the present invention;

FIG. 6 is an exemplary diagram illustrating a structure of
a plurality of pixels provided in a panel applied to an organic
light emitting display apparatus according to an example
embodiment of the present invention;

FIG. 7 is an exemplary diagram illustrating a structure of
a pixel provided in a panel applied to an organic light
emitting display apparatus according to an example embodi-
ment of the present invention;

FIG. 8 is an exemplary diagram for describing a basic
operation principle where an organic light emitting display
apparatus according to an example embodiment of the
present invention calculates calculation data with a median
filter;

FIG. 9 is an exemplary diagram for describing a first
example embodiment of a method of calculating, by an
organic light emitting display apparatus according to an
example embodiment of the present invention, calculation
data;

FIG. 10 is an exemplary diagram for describing a second
example embodiment of a method of calculating, by an
organic light emitting display apparatus according to an
example embodiment of the present invention, calculation
data;

FIG. 11 is an exemplary diagram for describing a third
example embodiment of a method of calculating, by an
organic light emitting display apparatus according to an
example embodiment of the present invention, calculation
data;

FIG. 12 is a flowchart of a method of driving an organic
light emitting display apparatus according to an example
embodiment of the present invention;

FIGS. 13 and 14 are exemplary diagrams for describing a
first example embodiment of a method of calculating, by an
organic light emitting display apparatus according to an
example embodiment of the present invention, calculation
data;

FIGS. 15 to 17 are exemplary diagrams for describing a
second example embodiment of a method of calculating, by
an organic light emitting display apparatus according to an
example embodiment of the present invention, calculation
data; and

FIGS. 18 to 21 are exemplary diagrams for describing a
third example embodiment of a method of calculating, by an
organic light emitting display apparatus according to an
example embodiment of the present invention, calculation
data.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to the exemplary
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. The present invention may be
applied to various kinds of display apparatuses where exter-
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nal compensation is performed. In this disclosure, for con-
venience of a description, an OLED display apparatus will
be described as an example of the present invention.

FIG. 3 is an exemplary diagram schematically illustrating
a configuration of an organic light emitting display appara-
tus according to an example embodiment of the present
invention. FIG. 4 is an exemplary diagram illustrating a
configuration of a controller applied to an organic light
emitting display apparatus according to an example embodi-
ment of the present invention. FIG. 5 is an exemplary
diagram illustrating a configuration of a data driver applied
to an organic light emitting display apparatus according to
an example embodiment of the present invention. FIG. 6 is
an exemplary diagram illustrating a structure of a plurality
of pixels provided in a panel applied to an organic light
emitting display apparatus according to an example embodi-
ment of the present invention. FIG. 7 is an exemplary
diagram illustrating a structure of a pixel provided in a panel
applied to an organic light emitting display apparatus
according to an example embodiment of the present inven-
tion.

Generally, sensing for real-time external compensation is
performed by using a blank time or a period (hereinafter
simply referred to as a turn-off time) where a display
apparatus is turned off. Here, the sensing is performed for
each of a plurality of subpixels, and particularly, a threshold
voltage (Vth) or a mobility of each subpixel is sensed.
However, as a panel enlarges in size and becomes higher in
definition, a period (hereinafter simply referred to as a
sensing period) for the sensing increases, and thus, it is
difficult for the sensing period to be added into the blank
time or the turn-off time.

To solve such a problem, the present invention collects
sensing data which is obtained by sensing characteristics
(for example, threshold voltages, mobility, and/or the like)
of some of a plurality of subpixels provided in a panel, and
calculates calculation data including characteristic informa-
tion of the other subpixels, based on the collected sensing
data. The present invention compensates for a data voltage
supplied to a pixel of the panel, based on the sensing data
and the calculation data.

Hereinafter, a subpixel denotes a pixel that emits red light,
green light, blue light, or white light. However, the subpixel
may be divided by a color filter.

A unit pixel is configured with a plurality of subpixels and
emits white light. For example, the unit pixel may be
configured with a red subpixel, a green subpixel, and a blue
subpixel, or may be configured with a red subpixel, a green
subpixel, a blue subpixel, and a white subpixel.

A sensing subpixel denotes a subpixel of which charac-
teristic is sensed. Data (i.e., data including a change amount
or information (hereinafter simply referred to as character-
istic information) of the characteristic) obtained through
sensing of the sensing subpixel is referred to as sensing data.

A non-sensing subpixel denotes a subpixel of which
characteristic is not directly sensed.

The calculation data is calculated based on the sensing
data with a median filter and includes the characteristic
information of the non-sensing subpixel.

A horizontal line is a virtual line which is disposed in a
direction vertical to a data line. The horizontal line may
correspond to one gate line. A plurality of subpixels are
provided on one horizontal line.

The organic light emitting display apparatus according to
an example embodiment of the present invention, as illus-
trated in FIGS. 3 to 7, may include: a panel 100 where a
plurality of subpixels 110 configuring a unit pixel 120 are
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provided on each of a plurality of horizontal lines, and
sensing for external compensation is performed for each
horizontal line; a sensing unit 320 that, when a sensing
period arrives, performs the sensing for the external com-
pensation for each horizontal line of the panel 100 to collect
sensing data Sdata including charactetistic information of
the plurality of subpixels 110; a calculator 410 that calcu-
lates, by using a median filter, calculation data including
characteristic information of a non-sensing subpixel which
is not sensed among the plurality of subpixels, based on the
sensing data and calculates an external compensation value,
based on the sensing data and the calculation data; a data
aligner 430 that, when input image data corresponding to a
subpixel 110 for which the external compensation is not
required is received, realigns the input image data to gen-
erate normal image data and, when input image data corre-
sponding to a subpixel 110 for which the external compen-
sation is required is received, compensates for the input
image data to generate compensation image data, based on
the external compensation value; and a data driver 300 that
converts the normal image data into a normal data voltage,
converts the compensation image data into a compensation
data voltage, and supplies the normal data voltage and the
compensation data voltage to a plurality of data lines pro-
vided in the panel 100. Here, a generic name for the sensing
unit 320, the calculator 410, the data aligner 430, the data
driver 300, and a gate driver 200 is a panel driver.

First, as illustrated in FIG. 7, the panel 100 may include
the plurality of subpixels 110, which each include an organic
light emitting diode OLED and a pixel driving circuit PDC
including a driving transistor Tdr that controls a current
flowing in the organic light emitting diode OLED, and a
plurality of signal lines that define a plurality of pixel areas,
where the plurality of subpixels 110 are respectively pro-
vided, and supply a driving signal to the pixel driving circuit
PDC.

The signal lines may include a scan control line SCL, a
sensing control line SSCL, a data line DL, a sensing line SL,
a first driving power line PLA, and a second driving power
line PLB.

A plurality of the scan control lines SCL may be arranged
in parallel at certain intervals along a second direction (i.e.,
a horizontal direction) of the panel 100.

The plurality of sensing control line SSCL may be
arranged at certain intervals in parallel with the scan control
line SCL. Also, the scan control line and the sensing control
line may be provided as one line.

A plurality of data lines DL may be arranged in parallel
at intervals along a first direction (i.e., a vertical direction)
of the panel 100 to intersect the scan control line SCL and
the sensing control line SSCL.

A plurality of the sensing lines SL may be arranged at
intervals in parallel with the data lines DL.

At least three subpixels 110 may configure one unit pixel
120. In the following description, a case where three sub-
pixels 110 (for example, a red subpixel R, a green subpixel
G, and a blue subpixel B) configure one unit pixel 120 or a
case where four subpixels 110 (for example, a red subpixel
R, a white subpixel W, a green subpixel G, and a blue
subpixel B) configure one unit pixel 120 as illustrated in
FIG. 6 will be described as an example of the present
invention. In this case, one sensing line may be provided in
the unit pixel 120. Therefore, when d number of data lines
DL1 to DL4 are provided on a horizontal line of the panel
100, the number of the sensing lines SL, may be d/3 or d/4.

To provide an additional description, the data lines DL
may be provided in the first direction (the vertical direction)
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of the panel 100, and the sensing lines SI may be arranged
in parallel with the data lines DL. Each of the sensing lines
SL, as illustrated in FIG. 6, may be connected to at least
three subpixels 110 configuring each of a plurality of unit
pixels 120 that are provided on one horizontal line.

A plurality of the first driving power lines PLA may be
arranged at intervals in parallel with the data line DL. Here,
the plurality of the first driving power lines PLA may be
arranged at intervals in parallel with the sensing line SL. The
first driving power line PLA may be connected to a driving
power supply unit (not shown) and may supply a first driving
voltage ELVDD, supplied from the driving power supply
unit (not shown), to each of the plurality of pixels P.

A plurality of the second driving power lines PLB may be
provided all over the panel 100 in a one-piece form or may
be arranged at intervals in parallel with the data lines DL1
to DLd or the scan control lines SL.1 to SLk. The second
driving power line PLB may supply a second driving voltage
ELVSS, supplied from the driving power supply unit, to
each of the plurality of pixels P. Optionally, the second
driving power line PLB may be electrically grounded to a
case (or a cover which is formed of a metal material and
configures the OLED display apparatus, and in this case, the
second driving power line may supply a ground voltage (a
ground) to each of the plurality of pixels P.

The plurality of pixels P may be respectively provided in
a plurality of pixel areas defined by the plurality of scan
control lines SCL and the plurality of data lines DLL1 to DLd
which intersect each other. Here, each of the plurality of
pixels P may be one of a red pixel, a green pixel, a blue pixel,
and a white pixel.

The one unit pixel 120, as illustrated in FIG. 6, may
include a red subpixel, a white subpixel, a green subpixel,
and a blue subpixel which are adjacent to each other, or
include a red subpixel, a green subpixel, and a blue subpixel
which are adjacent to each other. That is, in FIG. 6, the unit
pixel 120 configured with a red subpixel R, a white subpixel
W, a green subpixel G, and a blue subpixel B are illustrated
as two.

Each of the plurality of subpixels P, as illustrated in FIG.
7, may include the pixel driving circuit PDC and the organic
light emitting diode OLED.

The pixel driving circuit PDC may include a first switch-
ing transistor Tsw1, a second switching transistor Tsw2, a
driving transistor Tdr, and a capacitor Cst. Here, each of the
transistors Tsw1, Tsw2 and Tdr may be a thin film transistor
(TFT), and for example, may be an amorphous silicon (a-Si)
TFT, a poly-Si TFT, an oxide TFT, an organic TFT, or the
like.

The first switching transistor Tsw1 may be turned on by
a first scan pulse SP1 and may output a data voltage Vdata
supplied through the data line DL. To this end, the first
switching transistor Tswl may include a gate electrode
connected to the scan control line SCL adjacent thereto, a
first electrode connected to the data line DL adjacent thereto,
and a second electrode connected to a first node nl which is
a gate electrode of the driving transistor Tdr.

The second switching transistor Tsw2 may be turned on
by a second scan pulse SP2 and may output a reference
voltage Vref, supplied through the sensing line SL, to a
second node n2 which is a source electrode of the driving
transistor Tdr. To this end, the second switching transistor
Tsw2 may include a gate electrode connected to the sensing
control line SSCL adjacent thereto, a first electrode con-
nected to the sensing line SL adjacent thereto, and a second
electrode connected to the second node n2.
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The capacitor Cst may include the gate electrode and a
first electrode of the driving transistor Tdr, namely, elec-
trodes respectively connected to the first node nl and the
second node n2. A first electrode of the capacitor Cst may be
connected to the first node n1, and a second electrode of the
capacitor Cst may be connected to the second node n2. The
capacitor Cst may be charged with a difference voltage
between a voltage, which is supplied to the first node nl
according to the first switching transistor Tsw1 being turned
on, and a voltage which is supplied to the second node n2
according to the second switching transistor Tsw2 being
turned on. The driving transistor Tdr may be turned on
according to a voltage charged into the capacitor Cst.

The driving transistor Tdr may be turned on by the voltage
of the capacitor Cst and may control an amount of current
which flows from the first driving power line PLA to the
organic light emitting diode OLED. To this end, the driving
transistor Tdr may include the gate electrode connected to
the first node nl, the first electrode connected to the second
node n2, and a second electrode connected to the first
driving power line PLA.

The organic light emitting diode OLED may emit light
with a data current loled supplied from the driving transistor
Tdr to output the light having luminance corresponding to
the data current Ioled. To this end, the organic light emitting
diode OLED may include a first electrode (for example, an
anode electrode) connected to the second node n2 (i.e., the
first electrode of the driving transistor Tdr), an organic layer
(not shown) disposed on the first electrode, and a second
electrode (for example, a cathode electrode) connected to the
organic layer. The second electrode of the organic light
emitting diode OLED may be the second driving power line
PLB which is provided on the organic layer, or may be
additionally provided on the organic layer to be connected to
the second driving power line PLB.

Hereinabove, a structure of the subpixel 110 for perform-
ing external compensation has been described with reference
to FIG. 7. However, the subpixel 110 may be provided in
various structures in addition to the structure illustrated in
FIG. 7.

For example, the external compensation may denote that
a change amount of a threshold voltage or a mobility of the
driving transistor Tdr included in the subpixel 110 is calcu-
lated, and a level of a data voltage supplied to a unit pixel
is varied based on the change amount. Therefore, the struc-
ture of the subpixel 110 may be changed to various types so
as to calculate the change amount of the threshold voltage or
mobility of the driving transistor Tdr.

Moreover, to perform external compensation, a method of
calculating the change amount of the threshold voltage or
mobility of the driving transistor Tdr by using the subpixel
100 may also be variously changed depending on the
structure of the subpixel 110.

To provide an additional description, the present inven-
tion relates to an organic light emitting display apparatus for
performing external compensation, and in detail, the present
invention performs sensing for external compensation for
only some subpixels (for example, a sensing subpixel) and
calculates characteristic information of a subpixel (for
example, a non-sensing subpixel) where sensing is not
performed, based on sensing data obtained from the sensing
subpixel. In this case, a structure of a subpixel for external
compensation may use various structures of a subpixel
which are proposed for external compensation at present,
and a method of performing external compensation may use
various external compensation methods which are proposed
for external compensation at present. For example, the
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structure of the subpixel for external compensation and the
method of performing external compensation may respec-
tively use structures and methods disclosed in a number of
patent documents, for example, Korean Patent Publication
No. 10-2013-0066449, and may respectively use structures
and methods disclosed in Korean Patent Publication Nos.
10-2015-0065026 and 10-2015-0064460 filed by the appli-
cant.

That is, a detailed structure of a subpixel for performing
external compensation and a detailed external compensation
method depart from the scope of the present invention.
Therefore, an example of a subpixel for external compen-
sation has been described in brief with reference to FIG. 7,
and an external compensation method will be described
below in brief.

Second, the panel driver may operate the panel 100 in a
sensing mode or a display mode.

The sensing mode may be performed at every period set
by a use, at every blank time where an image is not
displayed, or at every turn-off time. In the sensing mode,
sensing may be sequentially performed for each horizontal
line. A period where the sensing is performed in the sensing
mode may be referred to as a sensing period. In the sensing
mode, an external compensation value for correcting a
characteristic change of the driving transistor Tdr may be
calculated.

In the display mode, an image may be displayed by the
panel 100. In the display mode, the input image data may be
converted into external compensation image data by using
the external compensation value, and an external compen-
sation data voltage corresponding to the external compen-
sation image data may be supplied to the panel 100 through
the data line DL. Input image data corresponding to a
subpixel for which external compensation is not required
may be realigned as normal image data, and the normal
image data may be converted into a normal data voltage and
may be supplied to the panel 100 through a corresponding
data line.

In the sensing mode, the panel driver may sense a
characteristic change (for example, a threshold voltage and/
or mobility) of the driving transistor Tdr included in each
subpixel P through each of first to kth sensing lines SL1 to
SLk to generate sensing data Sdata including characteristic
information of the driving transistor Tdr.

The panel driver may calculate the external compensation
value, based on the sensing data Sdata and correct input
image data Ri, Gi and Bi supplied from an external system
(not shown) by using the external compensation value to
generate the external compensation image data. The panel
driver may convert the external compensation image data
DATA into a data voltage and supply the data voltage to a
corresponding subpixel P.

For example, to separately compensate for characteristic
changes of the driving transistors Tdr included in the respec-
tive subpixels P, the panel driver may respectively sense the
characteristic changes of the driving transistors Tdr through
the sensing lines SL1 to SLk, compensate for the input
image data Ri, Gi and Bi by using the sensed characteristic
changes of the driving transistors Tdr to generate external
compensation image data, convert the generated external
compensation image data into external compensation data
voltages, and supply the external compensation data volt-
ages to the respective subpixels P.

The panel driver may include: the sensing unit 320 that,
when a sensing period arrives, performs the sensing for the
external compensation for each horizontal line of the panel
100 to collect sensing data Sdata including characteristic
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information of the plurality of subpixels 110; the calculator
410 that calculates, by using the median filter, calculation
data including characteristic information of a non-sensing
subpixel which is not sensed among the plurality of subpix-
els, based on the sensing data and calculates an external
compensation value, based on the sensing data and the
calculation data; and the data aligner 430 that, when input
image data corresponding to a subpixel 110 for which the
external compensation is not required is received, realigns
the input image data to generate normal image data and,
when input image data corresponding to a subpixel 110 for
which the external compensation is required is received,
compensates for the input image data to generate compen-
sation image data, based on the external compensation
value; and the data driver 300 that converts the normal
image data into a normal data voltage, converts the com-
pensation image data into a compensation data voltage, and
supplies the normal data voltage and the compensation data
voltage to a plurality of data lines provided in the panel 100;
and a gate driver 200 that supplies a first scan pulse SP1 and
a second scan pulse SP2 to the scan control lines SCL and
the sensing control lines SSCL. The data aligner 430 may be
provided in a controller 400 that controls the data driver 300
and the gate driver 200. The calculator 410 may be included
in the controller 400, or may be provided independently
from the controller 400. The sensing unit 320 may be
provided in the data driver 300, or may be provided inde-
pendently from the data driver 300. Hereinafter, a case
where the sensing unit 320 is included in the data driver 300
as illustrated in FIG. 4 and the calculator 410 is included in
the controller 400 as illustrated in FIG. 3 will be described
as an example of the OLED display apparatus according to
an example embodiment of the present invention. In this
case, as illustrated in FIG. 5, the data driver 300 may include
a data voltage supply unit 310, which supplies various data
voltages to the panel 100, and the sensing unit 320. That is,
the data voltage supply unit 310 is the same as the data driver
300, but when the sensing unit 320 is included in the data
driver 300, for convenience of a description, the data driver
300 may be referred to as the data voltage supply unit 310.
However, the panel driver applied to the OLED display
apparatus according to an example embodiment of the
present invention may be implemented in various structures
in addition to a structure to be described below.

The controller 400 may generate a gate control signal
GCS for controlling the gate driver 200 and a data control
signal DCS for controlling the data driver 300, based on a
timing sync signal TSS supplied from the external system
(not shown).

Moreover, in the sensing mode where sensing for external
compensation is performed, the controller 400 may transfer
sensing image data, which are to be supplied to a plurality
of pixels provided on a horizontal line which external
compensation is performed, to the data driver 300. The
sensing for external compensation may be performed at
various timings. Hereinafter, however, a case where external
compensation is performed for a blank time between frames
will be described as an example of the present invention. In
the sensing mode, the controller 400 may calculate the
external compensation value, based on sensing data Sdata
supplied from the data driver 300 and store the external
compensation value in a memory 450. The memory 450 may
be included in the controller 400, or may be implemented
independently from the controller 400. A detailed method of
performing, by the controller 400, sensing for external
compensation will be described below in detail with refer-
ence to the drawings.
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In the display mode where an image is displayed, when
input image data is performed is received, the controller 400
may perform external compensation on the input image data
to convert the input image data into external compensation
image data according to a calculator control signal trans-
ferred from the calculator 410, based on the external com-
pensation value. Alternatively, the controller 400 may
realign the input image data to convert the input image data
into normal image data without performing external com-
pensation on the input image data, and output the normal
image data.

To perform the above-description function, as illustrated
in FIG. 4, the controller 300 may include: the data aligner
430 that realigns pieces of input image data transferred from
the external system (not shown) by using the timing sync
signal transferred from the external system (not shown) to
supply pieces of output image data to the data driver 300; a
control signal generator 420 that generates the gate control
signal GCS, the data control signal DCS, and a power
control signal PCS, based on the timing sync signal; the
calculator 410 that calculates, by using the median filter,
calculation data including characteristic information of a
non-sensing subpixel which is not sensed among the plu-
rality of subpixels, based on the sensing data and calculates
an external compensation value, based on the sensing data
and the calculation data; the memory 450 that stores the
external compensation value; and an output unit 440 that
outputs various pieces of output image data generated by the
data aligner 430 and various control signals generated by the
data aligner 430 to the data driver 300 or the gate driver 200.

The calculator 410 may calculate calculation data corre-
sponding to each of the non-sensing subpixels, based on the
sensing data. The calculator 410 may determine a charac-
teristic change of each subpixel, based on the sensing data
and the calculation data and calculate the external compen-
sation value. For example, in the sensing mode, the calcu-
lator 410 may sense a characteristic change of each of a
plurality of the organic light emitting diodes OLED by using
the pieces of sensing data Sdata and the calculation data,
calculate the external compensation value, based on the
characteristic change, and store the external compensation
value in the memory 450. A method of calculating, by the
calculator 410, the calculation data will be described below
in detail with reference to the drawings.

In the display mode, the data aligner 430 may realign the
pieces of input image data so as to match a structure of the
subpixels 110 and may supply pieces of output image data,
generated through the realignment, to the data driver 300.
Particularly, the data aligner 430 may correct the pieces of
input image data, based on the external compensation value.

For example, in the display mode where an image is
displayed, when input image data corresponding to a sub-
pixel for which external compensation is not required is
received, the data aligner 430 may realign the input image
data to generate normal image data, and when input image
data corresponding to a subpixel for which the external
compensation is required is received, the data aligner 430
may compensate for the input image data to generate com-
pensation image data, based on the external compensation
value.

That is, in the display mode, when the external compen-
sation for the input image data is required, the data aligner
430 may convert the input image data into the external
compensation image data, based on the external compensa-
tion value, and when the external compensation for the input
image data is not required, the data aligner 430 may realign
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the input image data according to a structure of the panel 100
to convert the input image data into the normal image data.

Therefore, in the display mode, the data aligner 430 may
generate the external compensation image data and the
normal image data. A generic name for the external com-
pensation image data and the normal image data is output
image data.

Hereinabove, image data for which external compensa-
tion is not required is referred to as normal image data.
However, in the present invention, there may be no image
data for which external compensation is not performed. For
example, the present invention may calculate an external
compensation value for all subpixels, based on the sensing
values collected through the sensing operation and compen-
sate for all input image data according to the external
compensation value. In this case, output image data which is
output from the data aligner 430 may be external compen-
sation image data.

The control signal generator 420 may generate various
control signals according to an example embodiment of the
present invention.

As described above, the memory 450 may store the
external compensation value transferred from the calculator
410 and may transfer the stored compensation value and
external compensation value to the data aligner 430.

In response to the gate control signal GCS supplied from
the controller 400, the gate driver 200 may sequentially
generate the first scan pulse SP1 and may sequentially
supply the first scan pulse SP1 to the scan control lines SCL.
In response to the gate control signal GCS, the gate driver
200 may sequentially generate the second scan pulse SP2
and may sequentially supply the second scan pulse SP2 to
the sensing control lines SSCL. Here, the gate control signal
GCS may include a start signal and a plurality of clock
signals.

The gate driver 200 may be directly provided in the panel
100 in a process of forming a TFT of each subpixel P.
Alternatively, the gate driver 200 may be implemented in an
integrated circuit (IC) type and may be equipped in the panel
100.

The data driver 300 may be connected to the data lines
DL1 to DLd and the sensing lines SL1 to SLd and may
operate in the sensing mode or the display mode according
to the control signal transferred from the controller 400.
When the data driver 300 includes the data voltage supply
unit 310 and the sensing unit 320 as illustrated in FIG. 5, the
data voltage supply unit 310 may be connected to the data
lines DL, and the sensing unit 320 may be connected to the
sensing lines SL.

In the sensing mode, the sensing unit 320 may supply the
reference voltage Vref to each of the sensing lines SL1 to
SLk, receive a signal corresponding to the reference voltage
Vref, and sense a characteristic change of the driving tran-
sistor Tdr included in each of a plurality of subpixels P
provided on one horizontal line according to the received
signal to generate sensing data Sdata.

The sensing unit 320 may supply the generated sensing
data Sdata to the controller 400.

To this end, the subpixels P may be configured as illus-
trated in FIG. 6.

For example, one sensing line S may be provided for
each unit pixel 120 including R, G, B, and W subpixels 110
among a plurality of subpixels provided on one horizontal
line. Therefore, when one sensing data voltage is supplied
through each sensing line SL, sensing data for one subpixel
of each unit pixel 120 may be transferred to the sensing umt
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320. A method of sensing, by the sensing unit 320, the
subpixels 110 will be described in detail with reference to
FIGS. 13A to 15D.

In the sensing mode, the data voltage supply unit 310 may
convert the output image data (i.e., the sensing image data),
transferred from the controller 400, into a sensing data
voltage and supply the sensing data voltage to the data line
DL. A characteristic change of a driving transistor, included
in a subpixel to which the sensing data voltage is supplied,
may be transferred to the sensing unit 320 through the
sensing line SL.

In the display mode, the data voltage supply unit 310 may
convert the output image data DATA, which is supplied from
the controller 400 in units of one horizontal line, into a data
voltage by using a plurality of gamma reference voltages
supplied from a reference gamma voltage supply unit (not
shown) and supply the data voltage to a corresponding data
line DL. In the display mode, the output image data DATA
transferred to the data voltage supply unit 310 may be the
external compensation image data or the compensation
image data.

That is, the data voltage supply unit 310 may sample the
output image data DATA of each subpixel P, which is input
in units of one horizontal line, according to the data control
signal DCS and select, as the data voltage, a gamma voltage
corresponding to a grayscale value of sampling data among
the plurality of reference gamma voltages to supply the
selected data voltage to the data line DL of a corresponding
subpixel P.

In the sensing mode, the sensing unit 320 may sense a
voltage or a current of each of the sensing lines SL1 to SLK,
generate sensing data Sdata corresponding to the sensed
voltage or current, and supply the sensing data Sdata to the
controller 400. To this end, the sensing unit 320 may include
an analog-to-digital converter (ADC) that converts a sensing
voltage or a sensing current, transferred through a corre-
sponding sensing line, into a digital signal to generate the
sensing data Sdata.

The sensing unit 320 may perform the sensing during the
blank time, which is provided between frames and where
data voltages are not output to the data lines DL, or a turn-off
time where the organic light emitting display apparatus is
turned off. For example, when an electronic device such as
a monitor, a television (TV), a smartphone, a tablet personal
computer (PC), or the like equipped with the organic light
emitting display apparatus is turned off, an external system
for driving the electronic device may generate a turn-off
signal and transfer the turn-off signal to the controller 400 or
the sensing unit 320. When a turn-off signal is received from
the external system or the controller 400, the sensing unit
320 may perform the sensing.

FIG. 8 is an exemplary diagram for describing a basic
operation principle where an organic light emitting display
apparatus according to an example embodiment of the
present invention calculates calculation data with a median
filter. FIG. 9 is an exemplary diagram for describing a first
example embodiment of a method of calculating, by an
organic light emitting display apparatus according to an
example embodiment of the present invention, calculation
data. FIG. 10 is an exemplary diagram for describing a
second example embodiment of a method of calculating, by
an organic light emitting display apparatus according to an
example embodiment of the present invention, calculation
data. FIG. 11 is an exemplary diagram for describing a third
example embodiment of a method of calculating, by an
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organic light emitting display apparatus according to an
example embodiment of the present invention, calculation
data.

The median filter may be generally used to remove noise
along with a mean filter.

If N pieces of data are provided, the mean filter may
calculate a mean value of the N pieces of data to generate
one piece of data.

However, the median filter may finally generate one piece
of data, based on pieces of data other than a minimum value
or a maximum value of the N pieces of data.

For example, as illustrated in FIG. 8, if four pieces of data
“5007, <5127, “520” and “0” are provided, the median filter
may calculate one piece of data “506”, based on a mean
value of two pieces of data “500” and “512” other than a
maximum value “520” and a minimum value “0”.

Content of the median filter is technology disclosed in
patent documents, such as Korean Patent Publication Nos.
10-2012-0032132,  10-2014-0076085, and  10-2009-
0018012, and other various papers, and thus, its detailed
description is not provided.

Next, a first example embodiment of a method of calcu-
lating, by the organic light emitting display apparatus
according to an example embodiment of the present inven-
tion, calculation data will be described in detail with refer-
ence to FIG. 9.

First, as illustrated in portion (a) of FIG. 9, a first method
according to the first example embodiment may calculate
calculation data for a unit block including four blocks.
Particularly, to calculate calculation data of a block (a block
illustrated as a median) having no pre-measured data among
the four blocks, the first method may use data of blocks
which are provided on a horizontal line where the block is
provided, a horizontal line provided on the block, and a
horizontal line provided under the block. In this case, four
pieces of data may be used for calculating the calculation
data of the block.

When it is assumed that the block is a subpixel, the
pre-measured data may be sensing data that includes a
change amount of a threshold voltage or a mobility of a
driving transistor included in the subpixel. In portions (a)
and (b) of FIG. 9, the sensing data is illustrated as ®.

In FIG. 9, in the first method according to the first
example embodiment, the four pieces of data used to cal-
culate the calculation data of the block are respectively
illustrated as ®L (left sensing data), PR (right sensing data),
DU (up sensing data), and ®D (down sensing data).

When it is assumed that the pieces of sensing data are
stored in a memory for each of the horizontal lines, in the
first example embodiment, the calculation data may be
calculated based on pieces of sensing data of three horizon-
tal lines. Therefore, if the first method is applied, the display
apparatus may include a memory for storing the pieces of
sensing data of the three horizontal lines.

Second, as illustrated in portion (b) of FIG. 9, a second
method according to the first example embodiment may
calculate calculation data for a unit block including four
blocks. That is, the second method according to the first
example embodiment may use a sensing method which is
the same as the sensing method applied to the first method
according to the first example embodiment.

However, to calculate calculation data of a block (a block
illustrated as a median) having no pre-measured data among
the four blocks, the second method according to the first
example embodiment may use data of blocks which are
provided on a horizontal line, where the block is provided,
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and a horizontal line provided under the block. In this case,
three pieces of data may be used for calculating the calcu-
lation data of the block.

For example, as illustrated in portion (b) of FIG. 9, the
second method according to the first example embodiment
may use DL (left sensing data), DR (right sensing data), and
@D (down sensing data) for calculating the calculation data
of the block.

When it is assumed that the pieces of sensing data are
stored in a memory for each of the horizontal lines, in the
second method according to the first example embodiment,
the calculation data may be calculated based on pieces of
sensing data of two horizontal lines. Therefore, if the second
method according to the first example embodiment is
applied, the display apparatus may include a memory for
storing the pieces of sensing data of the two horizontal lines.

The first example embodiment may be applied to a case
where the unit pixel 120 includes a red subpixel, a white
subpixel, a green subpixel, and a blue subpixel.

A position of a subpixel corresponding to three pieces of
sensing data used to calculate the calculation data in the first
method according to the first example embodiment may
differ from that of a subpixel corresponding to three pieces
of sensing data used to calculate the calculation data in the
second method according to the first example embodiment.

Moreover, the first method according to the first example
embodiment uses pieces of sensing data of three horizontal
lines, but the second method according to the first example
embodiment uses pieces of sensing data of two horizontal
lines.

Next, a second example embodiment of a method of
calculating, by the organic light emitting display apparatus
according to an example embodiment of the present inven-
tion, calculation data will be described in detail with refer-
ence to FIG. 10.

In the second example embodiment of the method of
calculating calculation data, as illustrated in portion (a) of
FIG. 9, calculation data may be calculated for a unit block
including nine blocks. Particularly, to calculate calculation
data of a block (a block illustrated as a median) having no
pre-measured data among the nine blocks, the method may
use data of blocks which are provided on a horizontal line
where the block is provided, a horizontal line provided on
the block, and a horizontal line provided under the block. In
this case, three pieces of data may be used for calculating the
calculation data of the block.

When it is assumed that the block is a subpixel, the
pre-measured data may be sensing data that includes a
change amount of a threshold voltage or a mobility of a
driving transistor included in the subpixel. In FIG. 10, the
sensing data is illustrated as ®.

Moreover, in the second example embodiment, positions
of three pieces of sensing data used to calculate the calcu-
lation data of the block may be variously changed depending
on a position of the block as illustrated in FIG. 10.

For example, ®L (left sensing data), ®D (down sensing
data), and ®UR (up right sensing data) may be used for
calculating calculation data of a block which is disposed at
a center of a second horizontal line. However, ®R (right
sensing data), DU (up sensing data), and ®DL (down left
sensing data) may be used for calculating calculation data of
a block which is disposed at a center of a fourth horizontal
line.

When it is assumed that the pieces of sensing data are
stored in a memory for each of the horizontal lines, in the
second example embodiment, the calculation data may be
calculated based on pieces of sensing data of three horizon-
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tal lines. Therefore, if the second example embodiment is
applied, the display apparatus may include a memory for
storing the pieces of sensing data of the three horizontal
lines.

The second example embodiment may be applied to a
case where the unit pixel 120 includes a red subpixel, a white
subpixel, a green subpixel, and a blue subpixel.

Finally, a third example embodiment of a method of
calculating, by the organic light emitting display apparatus
according to an example embodiment of the present inven-
tion, calculation data will be described in detail with refer-
ence to FIG. 11.

First, as illustrated in portion (a) of FIG. 11, a first method
according to the third example embodiment may calculate
calculation data for a unit block including sixteen blocks.
Particularly, to calculate calculation data of a block (a block
illustrated as a median) having no pre-measured data among
the sixteen blocks, the first method may use data of blocks
which are provided on a horizontal line where the block is
provided, a horizontal line provided on the block, and a
horizontal line provided under the block. In this case, three
pieces of data may be used for calculating the calculation
data of the block.

When it is assumed that the block is a subpixel, the
pre-measured data may be sensing data that includes a
change amount of a threshold voltage or a mobility of a
driving transistor included in the subpixel. In portions (a)
and (b) of FIG. 11, the sensing data is illustrated as ®.

Moreover, in the first method according to the third
example embodiment, a position of a block corresponding to
three pieces of sensing data used to calculate the calculation
data of the block may be variously changed depending on a
position of a block from which the calculation data is to be
calculated.

When it is assumed that the pieces of sensing data are
stored in a memory for each of the horizontal lines, the first
method may calculate the calculation data, based on pieces
of sensing data of three horizontal lines. Therefore, if the
first method is applied, the display apparatus may include a
memory for storing the pieces of sensing data of the three
horizontal lines.

Second, as illustrated in portion (b) of FIG. 11, a second
method according to the third example embodiment may
calculate calculation data for a unit block including sixteen
blocks. That is, the second method according to the third
example embodiment may use a sensing method which is
the same as the sensing method applied to the first method
according to the third example embodiment.

Therefore, three pieces of data may be used for calculat-
ing the calculation data of the block.

Moreover, in the second method according to the third
example embodiment, a position of a block corresponding to
three pieces of sensing data used to calculate the calculation
data of the block may be variously changed depending on a
position of a block from which the calculation data is to be
calculated.

Moreover, the second method according to the third
example embodiment of the present invention may use
pieces of data of blocks provided on three horizontal lines,
for calculating calculation data of a block (a block illustrated
as a median) having no pre-measured data among sixteen
unit blocks.

However, a horizontal line where a block supplying the
sensing data to the block is not provided may be disposed
between a horizontal line, where the block is provided, and
one of two horizontal lines except the horizontal line where
the block is provided.
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Therefore, when it is assumed that the pieces of sensing
data are stored in a memory for each of the horizontal lines,
in the second method according to the third example
embodiment, the calculation data may be calculated based
on pieces of sensing data of three horizontal lines. Although
the second method according to the third example embodi-
ment uses pieces of sensing data of one horizontal line, as
described above, since a horizontal line where a block
supplying the sensing data to the block is not provided may
be disposed between a horizontal line, where the block is
provided, and one of two horizontal lines except the hori-
zontal line where the block is provided, a memory may store
pieces of sensing data of a total of four horizontal lines in
order for the display apparatus to use the pieces of sensing
data of the three horizontal lines.

Therefore, if the second method according to the third
example embodiment is applied, the display apparatus may
include a memory for storing pieces of sensing data of four
horizontal lines.

The third example embodiment may be applied to a case
where the unit pixel 120 includes a red subpixel, a white
subpixel, a green subpixel, and a blue subpixel.

In the first method and the second method according to the
third example embodiment, a position of a subpixel corre-
sponding to three pieces of sensing data used to calculate the
calculation data may be variously changed.

Moreover, the first method according to the third example
embodiment uses pieces of sensing data of three horizontal
lines, but the second method according to the third example
embodiment uses pieces of sensing data of four horizontal
lines.

FIG. 12 is a flowchart of a method of driving an organic
light emitting display apparatus according to an example
embodiment of the present invention. FIGS. 13 and 14 are
exemplary diagrams for describing a first example embodi-
ment of a method of calculating, by an organic light emitting
display apparatus according to an example embodiment of
the present invention, calculation data. FIGS. 15 to 17 are
exemplary diagrams for describing a second example
embodiment of a method of calculating, by an organic light
emitting display apparatus according to an example embodi-
ment of the present invention, calculation data. FIGS. 18 to
21 are exemplary diagrams for describing a third example
embodiment of a method of calculating, by an organic light
emitting display apparatus according to an example embodi-
ment of the present invention, calculation data.

First, in the sensing mode, data voltages may be sequen-
tially supplied to a plurality of subpixels configuring one
unit pixel 120, and characteristic changes of respective
driving transistors included in the plurality of subpixels may
be sensed. That is, in operation S602, pieces of sensing data
may be collected by performing sensing for external com-
pensation for each of a plurality of horizontal lines.

In this case, as illustrated in FIG. 6, one sensing line may
be provided in the unit pixel 120. That is, while the reference
voltage is being applied to the one sensing line, a data
voltage may be supplied to only one of the plurality of
subpixels configuring the unit pixel 120, and thus, a char-
acteristic change of a driving transistor included in the one
subpixel to which the data voltage is supplied may be
sensed.

The sensing mode may be executed during the blank time
between frames. During the blank time, a data voltage may
not be supplied to the data lines. Also, the sensing mode may
be executed during the turn-off time where the organic light
emitting display apparatus is turned off.
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First, in a first example embodiment of the present inven-
tion, as illustrated in portion (a) of FIG. 13, during a sensing
period of a kth frame, the sensing unit 320 may sense a first
subpixel corresponding to a first color to collect sensing data
in a 2m+1st unit pixel of a plurality of unit pixels which are
provided on a 2n+1st horizontal line, and sense a second
subpixel corresponding to a second color to collect sensing
data in a 2m+2nd unit pixel. Here, n is a natural number
equal to or more than 0, and m is a natural number equal to
or more than O.

For example, it is assumed that the first color is red (R),
the second color is white (W), a third color is green (G), and
a fourth color is blue (B). Also, in FIG. 13, one block denotes
a unit pixel. Particularly, in one unit pixel illustrated in FIG.
13, only a subpixel corresponding to one color may be
sensed through one sensing operation. In this case, one unit
pixel is wholly illustrated in a color of a sensed subpixel.
The above-described details may be applied to FIGS. 14 to
21 to be described below.

In this case, when the sensing period of the kth frame
arrives, as illustrated in portion (a) of FIG. 13, the sensing
unit 320 may sense a plurality of first subpixels correspond-
ing to the first color R to collect pieces of sensing data in the
2m+]1st unit pixel of the plurality of unit pixels which are
provided on the 2n+1st horizontal line, and sense a plurality
of second subpixels corresponding to the second color W to
collect pieces of sensing data in the 2m+2nd unit pixel.
Therefore, the first subpixels and the second subpixels may
be sequentially sensed in each of the plurality of unit pixels
provided on the 2n+1st horizontal line.

The sensing unit 320 may sense a plurality of second
subpixels corresponding to the second color W to collect
pieces of sensing data in a 2m+1st unit pixel of a plurality
of unit pixels which are provided on a 2n+2nd horizontal
line, and sense a plurality of first subpixels corresponding to
the first color R to collect pieces of sensing data in a 2m+2nd
unit pixel.

When the panel 100 is an UHD panel, namely, when
2,160 horizontal lines are provided in the panel 100, the
above-described operation may be repeated 1,080 times, and
thus, sensing for the first subpixels and the second subpixels
may be performed. That is, the first subpixels and the second
subpixels provided in the panel 100 may be sensed through
a 2,160-time sensing operation. In this case, all of the first
subpixels and the second subpixels may not be sensed. That
is, the second subpixels included in the 2m+1st unit pixel on
the 2n+1st horizontal line may not be sensed, and the first
subpixel included in the 2m+2nd unit pixel may not be
sensed. A sensed subpixel may be referred to as a sensing
subpixel, and an unsensed subpixel may be referred to as a
non-sensing subpixel.

When the first subpixels and the second subpixels are
sensed through the above-described operation, as illustrated
in portion (b) of FIG. 13, the sensing unit 320 may sense a
plurality of third subpixels corresponding to the third color
G to collect pieces of sensing data in the 2m+1st unit pixel
of the plurality of unit pixels which are provided on the
2n+1st horizontal line, and sense a plurality of fourth
subpixels corresponding to the fourth color B to collect
pieces of sensing data in the 2m+2nd unit pixel. Therefore,
the third subpixels and the fourth subpixels may be sequen-
tially sensed in each of the plurality of unit pixels provided
on the 2n+1st horizontal line.

The sensing unit 320 may sense a plurality of fourth
subpixels corresponding to the fourth color B to collect
pieces of sensing data in the 2m+1st unit pixel of the
plurality of unit pixels which are provided on the 2n+2nd
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horizontal line, and sense a plurality of first subpixels
corresponding to the third color G to collect pieces of
sensing data in the 2m+2nd unit pixel. Pieces of sensing data
of a 2n+43rd horizontal line may be collected by a method
which is the same as the method applied to the 2n+1st
horizontal line.

When the panel 100 is the UHD panel, the third subpixels
and the fourth subpixels provided in the panel 100 may be
sensed through a 2,160-time sensing operation.

Therefore, when the panel 100 is the UHD panel, a
plurality of subpixels corresponding to the first to fourth
colors in all the unit pixels may be sensed through a total
4320-time (=2160 linex2) sensing operation during one
sensing period.

In this case, as described above, there may be a plurality
of subpixels that are not sensed for each color.

The pieces of sensing data, as illustrated in portion (a) of
FIG. 13, may be stored in the memory in units of a horizontal
line.

Second, in a second example embodiment of the present
invention, as illustrated in FIG. 15, during a sensing period
of a kth frame, the sensing unit 320 may sense a plurality of
first subpixels corresponding to a first color to collect pieces
of sensing data in a 2m+1 st unit pixel of a plurality of unit
pixels which are provided on a 2n+1st horizontal line, sense
a plurality of second subpixels corresponding to a second
color to collect pieces of sensing data in a 2m+2nd unit
pixel, and sense a plurality of third subpixels corresponding
to a second color to collect pieces of sensing data in a
2m+3rd unit pixel. For example, it is assumed that the first
color is red (R), the second color is green (G), and a third
color is blue (B). In the following description, details which
are the same as or similar to the details described above in
the first example embodiment will be briefly described or are
not described.

The sensing unit 320 may sense a plurality of third
subpixels to collect pieces of sensing data in a 2m+1st unit
pixel of a plurality of unit pixels which are provided on a
2n+2nd horizontal line, sense a plurality of first subpixels to
collect pieces of sensing data in a 2m+2nd unit pixel, and
sense a plurality of second subpixels to collect pieces of
sensing data in a 2m+3rd unit pixel.

The sensing unit 320 may sense a plurality of second
subpixels to collect pieces of sensing data in a 2m+1st unit
pixel of a plurality of unit pixels which are provided on a
2n+3rd horizontal line, sense a plurality of third subpixels to
collect pieces of sensing data in a 2m+2nd unit pixel, and
sense a plurality of first subpixels to collect pieces of sensing
data in a 2m+3rd unit pixel.

Therefore, when the panel 100 is the UHD panel, a
plurality of subpixels corresponding to the first to third
colors may be sensed through a 2,160-time (=2160 linex1)
sensing operation during one sensing period.

In this case, as described above, there may be a plurality
of subpixels that are not sensed for each color.

The pieces of sensing data, as illustrated in FIG. 15, may
be stored in the memory in units of a horizontal line.

Third, in a third example embodiment of the present
invention, as illustrated in FIG. 18, during a sensing period
of a kth frame, the sensing unit 320 may sense a plurality of
first subpixels corresponding to a first color to collect pieces
of sensing data in a 2m+1st unit pixel of a plurality of unit
pixels which are provided on a 2n+1st horizontal line, sense
a plurality of second subpixels corresponding to a second
color to collect pieces of sensing data in a 2m+2nd unit
pixel, sense a plurality of third subpixels corresponding to a
third color to collect pieces of sensing data in a 2m+3rd unit
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pixel, and sense a plurality of fourth subpixels correspond-
ing to a fourth color to collect pieces of sensing data in a
2m+4th unit pixel. For example, it is assumed that the first
color is red (R), the second color is white (W), the third color
is green (G), and the fourth color is blue (B).

During the sensing period of the kth frame, the sensing
unit 320 may sense a plurality of second subpixels to collect
pieces of sensing data in a 2m+1 st unit pixel of a plurality
of unit pixels which are provided on a 2n+2nd horizontal
line, sense a plurality of third subpixels to collect pieces of
sensing data in a 2m+2nd unit pixel, sense a plurality of
fourth subpixels to collect pieces of sensing data in a
2m+3rd unit pixel, and sense a plurality of first subpixels to
collect pieces of sensing data in a 2m+4th unit pixel.

During the sensing period of the kth frame, the sensing
unit 320 may sense a plurality of fourth subpixels to collect
pieces of sensing data in a 2m+1st unit pixel of a plurality
of unit pixels which are provided on a 2n+3rd horizontal
line, sense a plurality of first subpixels to collect pieces of
sensing data in a 2m+2nd unit pixel, sense a plurality of
second subpixels to collect pieces of sensing data in a
2m+3rd unit pixel, and sense a plurality of third subpixels to
collect pieces of sensing data in a 2m+4th unit pixel.

During the sensing period of the kth frame, the sensing
unit 320 may sense a plurality of third subpixels to collect
pieces of sensing data in a 2m+1st unit pixel of a plurality
of unit pixels which are provided on a 2n+4th horizontal
line, sense a plurality of fourth subpixels to collect pieces of
sensing data in a 2m+2nd unit pixel, sense a plurality of first
subpixels to collect pieces of sensing data in a 2m+3rd unit
pixel, and sense a plurality of second subpixels to collect
pieces of sensing data in a 2m+4th unit pixel. Here, n is a
natural number equal to or more than 0, and m is a natural
number equal to or more than 0.

Therefore, when the panel 100 is the UHD panel, a
plurality of subpixels corresponding to the first to fourth
colors may be sensed through a total 2,160-time (=2160
linex1) sensing operation during one sensing period.

In this case, as described above, there may be a plurality
of subpixels that are not sensed for each color.

The pieces of sensing data, as illustrated in FIG. 18, may
be stored in the memory in units of a horizontal line.

Subsequently, during the sensing period, when a sensing
operation may be performed for the subpixels and thus the
pieces of sensing data are collected in 8602, by using the
median filter, the calculator 410 may calculate calculation
data of a plurality of non-sensing subpixels, based on the
pieces of sensing data in operation S604.

In this case, the method described above with reference to
FIGS. 8 to 11 may be used.

First, in the first example embodiment of the present
invention, as illustrated in portion (a) of FIG. 9, by using the
median filter, the calculator 410 may calculate calculation
data of a non-sensing subpixel provided on an sth horizontal
line, based on pieces of sensing data of a plurality of sensing
subpixels which are provided on an s-1st horizontal line and
sensed, pieces of sensing data of a plurality of sensing
subpixels which are provided on the sth horizontal line and
sensed, and pieces of sensing data of a plurality of sensing
subpixels which are provided on an s+1st horizontal line and
sensed. Here, s is a natural number.

As illustrated in portion (b) of FIG. 9, by using the median
filter, the calculator 410 may calculate the calculation data of
the non-sensing subpixel provided on the sth horizontal line,
based on the pieces of sensing data of the plurality of sensing
subpixels which are provided on the sth horizontal line and
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sensed and the pieces of sensing data of the plurality of
sensing subpixels which are provided on the s+1st horizontal
line and sensed.

Second, in the second example embodiment of the present
invention, the calculator 410 may calculate pieces of calcu-
lation data of a plurality of non-sensing subpixels by using
the method described above with reference to FIG. 10.

Third, in the third example embodiment of the present
invention, the calculator 410 may calculate pieces of calcu-
lation data of a plurality of non-sensing subpixels by using
the method described above with reference to FIG. 11.

That is, the calculator 410 may receive, from the sensing
unit 320, pieces of sensing data matching the sensing
subpixels among all the subpixels provided in the panel 100.
Also, by using the median filter, the calculator 410 may
directly calculate pieces of calculation data matching the
non-sensing subpixels, based on the pieces of sensing data.

Subsequently, in operation S606, the calculator 410 may
calculate the external compensation value, based on the
pieces of sensing data and the pieces of calculation data. A
detailed method of calculating the external compensation
value may use methods disclosed in various patent docu-
ments.

Subsequently, in the display mode, when input image data
corresponding to a subpixel for which external compensa-
tion is not required is received, the data aligner 430 may
realign the input image data to generate normal image data.

Moreover, when input image data corresponding to a
subpixel for which external compensation is required is
received, the data aligner 430 may compensate for the input
image data to generate compensation image data, based on
the external compensation value.

A method of realigning input image data to generate
normal image data or adding a specific compensation value
to input image data to generate compensation image data
may use a method which is generally used at present. Thus,
a detailed description on this is not provided.

The data driver 300 may convert the normal image data
into a normal data voltage, convert the compensation image
data into a compensation data voltage, and supply the
normal data voltage and the compensation data voltage to a
corresponding data line provided in the panel 100, thereby
displaying an image in the panel 100.

According to the present invention, even when a threshold
voltage or a mobility of a driving transistor included in each
of the subpixels provided in the panel 100 is changed, the
panel 100 is normally driven.

The display apparatus according to an example embodi-
ment of the present invention may additionally change a
sensing sequence and sense all the subpixels of the panel 100
to generate pieces of sensing data of all the subpixels.

First, in the first example embodiment of the present
invention, as described with reference to FIG. 13, when the
panel 100 is the UHD panel, a plurality of subpixels corre-
sponding to the first to fourth colors in all the unit pixels may
be sensed through a total 4,320-time (=2160 linex2) sensing
operation during one sensing period, namely, a sensing
period of a kth frame. In this case, however, as described
above, there may be a plurality of subpixels that are not
sensed for each color.

During a sensing period of a k+1st frame, as illustrated in
FIG. 14, the sensing unit 320 may sense a plurality of
non-sensing subpixels, which are not sensed during the
sensing period of the kth frame, to collect pieces of sensing
data in operation S602.

For example, when the sending period of the k+1st frame
arrives, as illustrated in portions (a) and (b) of FIG. 14, the
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sensing unit 320 may sense the non-sensing subpixels,
which are not sensed during the sensing period of the kth
frame, to collect pieces of sensing data.

During the sensing period of the kth frame, as illustrated
in FIG. 13, the plurality of second subpixels (the second
color) and the plurality of fourth subpixels (the fourth color)
may not be sensed in the 2m+1st unit pixel provided on the
2n+1st horizontal line, and the plurality of first subpixels
(the first color) and the plurality of third subpixels (the third
color) may not be sensed in the 2m+2nd unit pixel.

Therefore, the sensing unit 320 may change the order of
subpixels which are sensed during the sensing period of the
k+1st frame.

In this case, the calculator 410 may calculate pieces of
calculation data including characteristic information of the
sensing subpixels which are sensed during the sensing
period of the kth frame, based on pieces of sensing data
which are obtained through sensing during the sensing
period of the k+1st frame.

To provide an additional description, during the sensing
period of the k+1 st frame, a non-sensing subpixel where the
calculation data is arbitrarily calculated with the median
filter during the sensing period of the kth frame may be
substantially sensed, and thus, the sensing data may be
generated. Therefore, during the sensing period of the kth
frame, a subpixel where the external compensation value is
calculated based on the calculation data may be actually
sensed, and thus, sensing data may be generated, whereby
the external compensation value may be calculated based on
the generated sensing data. Therefore, an accurate external
compensation value may be calculated.

By using the above-described method, a 4,320-time
(=2160 linex2) sensing operation may be performed in the
kth frame, and a 4,320-time (=2160 linex2) sensing opera-
tion may be performed in the k+1st frame. Therefore, all the
sub-pixels may be substantially sensed through a total
8,640-time sensing operation, and thus, pieces of sensing
data of all the subpixels may be generated.

Therefore, an external compensation value of each of the
subpixels may be calculated based on actually sensed sens-
ing data once each at every two frames, and thus, an accurate
external compensation value is calculated.

Second, in the second example embodiment of the present
invention, as described with reference to FIG. 15, when the
panel 100 is the UHD panel, a plurality of subpixels corre-
sponding to the first to third colors may be sensed through
a 2,160-time (=2160 linex1) sensing operation during one
sensing period. In this case, however, as described above,
there may be a plurality of subpixels that are not sensed for
each color.

Therefore, as illustrated in FIGS. 16 and 17, during the
sensing period of the k+1st frame and a sensing period of a
k+2nd frame, the sensing unit 320 may sequentially change
the order of sensed subpixels in each unit pixel and thus
sense all subpixels included in each unit pixel to generate
pieces of sensing data.

That 1s, during the sensing period of the kth to k+2nd
frames, the sensing unit 320 may sequentially change the
order of sensed subpixels to collect pieces of sensing data
from all subpixels of all the unit pixels.

By using the above-described method, during the sensing
period of the kth to k+2nd frames, all the subpixels may be
substantially sensed through a total 6,480-time (=2160 linex
3) sensing operation, and thus, pieces of sensing data of all
the subpixels may be generated.

Therefore, an external compensation value of each of the
subpixels may be calculated based on actually sensed sens-
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ing data once each at every three frames, and thus, an
accurate external compensation value is calculated.

Third, in the third example embodiment of the present
invention, as described with reference to FIG. 18, when the
panel 100 is the UHD panel, a plurality of subpixels corre-
sponding to the first to fourth colors may be sensed through
a 2,160-time (=2160 linex1) sensing operation during one
sensing period. In this case, however, as described above,
there may be a plurality of subpixels that are not sensed for
each color.

Therefore, as illustrated in FIGS. 19 to 21, during the
sensing period of the k+1st to k+3rd frames, the sensing unit
320 may sequentially change the order of sensed subpixels
in each unit pixel and thus sense all subpixels included in
each unit pixel to generate pieces of sensing data.

That is, during the sensing period of the kth to k+3rd
frames, the sensing unit 320 may sequentially change the
order of sensed subpixels to collect pieces of sensing data
from all subpixels of all the unit pixels.

By using the above-described method, during the sensing
period of the kth to k+3rd frames, all the subpixels may be
substantially sensed through a total 8,640-time (=2160 linex
4) sensing operation, and thus, pieces of sensing data of all
the subpixels may be generated.

Therefore, an external compensation value of each of the
subpixels may be calculated based on actually sensed sens-
ing data once each at every four frames, and thus, an
accurate external compensation value is calculated.

According to the above-described embodiments of the
present invention, since all subpixels are not sensed during
one sensing period, a sensing period for external compen-
sation is shortened. Also, according to the embodiments of
the present invention, an external compensation value may
be calculated based on sensing data obtained through sens-
ing which is actually performed once each in units of at least
four frames, and thus, a reliable external compensation value
is calculated.

As described above, according to the embodiments of the
present invention, the sensing period where sensing for
real-time external compensation is performed is shortened.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. An organic light emitting display apparatus, compris-
ing:

a panel where a plurality of subpixels configuring a unit
pixel are provided on each of a plurality of horizontal
lines, and sensing for external compensation is per-
formed for each horizontal line;

a sensing unit configured to, when a sensing period
arrives, perform the sensing for the external compen-
sation for some of the plurality of subpixels on each
horizontal line of the panel to collect sensing data
including characteristic information of the some of the
plurality of subpixels, the sensing unit including an
analog-to-digital converter (ADC) that converts a sens-
ing voltage or a sensing current, transferred through a
corresponding sensing line, into a digital signal to
generate the sensing data;

a calculator configured to calculate, by using a median
filter, calculation data including characteristic informa-
tion of a non-sensing subpixel which is not sensed
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among the plurality of subpixels, based on the sensing
data, and calculate an external compensation value,
based on the sensing data and the calculation data;

a data aligner configured to, when input image data
corresponding to a subpixel for which the external
compensation is not required is received, realign the
input image data to generate normal image data and,
when input image data corresponding to a subpixel for
which the external compensation is required is
received, compensate for the input image data to gen-
erate compensation image data, based on the external
compensation value; and

a data driver configured to convert the normal image data
into a normal data voltage, convert the compensation
image data into a compensation data voltage, and
supply the normal data voltage and the compensation
data voltage to a plurality of data lines provided in the
panel,

wherein each of a plurality of unit pixels includes at least
three subpixels,

in each of the plurality of unit pixels, there is at least one
non-sensing subpixel which is not sensed during one
sensing period, and

during a sensing period of a kth frame,

the sensing unit senses a first subpixel corresponding to a
first color or a third subpixel corresponding to a third
color to collect sensing data in a (2m+1)st unit pixel of
a plurality of unit pixels which are provided on a
(2n+1)st horizontal line, and senses a second subpixel
corresponding to a second color or a fourth subpixel
corresponding to a fourth color to collect sensing data
in a (2m+2)nd unit pixel, and

the sensing unit senses a second subpixel or a fourth
subpixel to collect sensing data in a (2m+1)st unit pixel
of a plurality of unit pixels which are provided on a
(2n42)nd horizontal line, and senses a first subpixel or
a third subpixel to collect sensing data in a (2m+2)nd
unit pixel, where k is a positive integer, m is a non-
negative integer, and n is a non-negative integer.

2. The organic light emitting display apparatus of claim 1,

wherein

the plurality of data lines are provided in a first direction
of the panel,

a plurality of sensing lines are arranged in parallel with
the plurality of data lines, and

each of the plurality of sensing lines is connected to at
least three subpixels configuring each of a plurality of
unit pixels that are provided on one horizontal line.

3. The organic light emitting display apparatus of claim 1,

wherein the sensing unit performs the sensing during a blank
time, which is provided between frames and where an image
is not displayed, or a turn-off time where a turn-off signal is
received from an external system.

4. The organic light emitting display apparatus of claim 1,

wherein

by using the median filter,

the calculator calculates calculation data of a non-sensing
subpixel provided on an sth horizontal line, based on
pieces of sensing data of a plurality of sensing subpix-
els which are provided on an (s-1)st horizontal line and
sensed, pieces of sensing data of a plurality of sensing
subpixels which are provided on the sth horizontal line
and sensed, and pieces of sensing data of a plurality of
sensing subpixels which are provided on an (s+1)st
horizontal line and sensed, or

the calculator calculates the calculation data of the non-
sensing subpixel provided on the sth horizontal line,
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based on the pieces of sensing data of the plurality of
sensing subpixels which are provided on the sth hori-
zontal line and sensed and the pieces of sensing data of
the plurality of sensing subpixels which are provided
on the (s+1)st horizontal line and sensed, where s is a 5
positive integet.

5. The organic light emitting display apparatus of claim 1,

wherein

during a sensing period of a (k+1)st frame,

the sensing unit senses a plurality of non-sensing subpix- 10
els, which are not sensed during the sensing period of
the kth frame, to collect pieces of sensing data, and

the calculator calculates pieces of calculation data includ-
ing characteristic information of a plurality of sensing
subpixels which are sensed during the sensing period of 15
the kth frame, based on pieces of sensing data which
are obtained through sensing during the sensing period
of the (k+1)st frame.
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https://share-analytics.zhihuiya.com/view/8410dbeb-b3a7-4f98-aeaa-357da001df08
https://worldwide.espacenet.com/patent/search/family/055017416/publication/US10032410B2?q=US10032410B2

