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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD FOR SENSING
CHARACTERISTIC THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0188873 filed on Dec. 24,2014, the
entire contents 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] Embodiments of the invention relate to an organic
light emitting diode (OLED) display and a method for sens-
ing device characteristics of the OLED display.

[0004] 2. Discussion of the Related Art

[0005] An organic light emitting diode (OLED) displayisa
self-emission display device. The OLED display may be
manufactured to have lower power consumption and a thinner
profile than a liquid crystal display requiring a backlight unit.
Further, the OLED display has advantages of a wide viewing
angle and a fast response time. As the process technology of
the OLED display has been developed to mass produce large-
screens, the OLED display has expanded its market while
competing with the liquid crystal display.

[0006] Each pixel of the OLED display includes an organic
light emitting diode (OLED) having a self-emitting structure.
The OLED display displays an input image using the OLED
of the pixel that emits light when electrons and holes are
combined in an organic layer through a current flowing in a
fluorescence or phosphorescence organic thin film. An
organic compound layer including a hole injection layer HIL,
a hole transport layer HTL, an emission layer EML, an elec-
tron transport layer ETL, an electron injection layer EIL, etc.
is stacked between an anode and a cathode of the OLED.

[0007] The OLED display may be variously classified
depending on kinds of emission materials, an emission
method, an emission structure, a driving method, and the like.
For example, an OLED display may be classified into a fluo-
rescent emission type and a phosphorescent emission type
depending on the emission method. Further, the OLED dis-
play may be classified into a top emission type and a bottom
emission type depending on the emission structure. Further,
the OLED display may be classified into a passive matrix
OLED (PMOLED) display and an active matrix OLED
(AMOLED) display depending on the driving method.

[0008] Each pixel of the OLED display includes a driving
thin film transistor (TFT) controlling a driving current flow-
ing in the OLED depending on data of the input image.
Device characteristics of the driving TFT (e.g., a threshold
voltage and a mobility of the driving TFT) may change
depending on a process deviation, a driving time, a driving
environment, etc. The pixels of the OLED display are
degraded due to changes in the device characteristics of the
driving TFTs. The degradation of the pixels leads to an infe-
rior image quality and decreased lifespan of the OLED dis-
play. Thus, technology for sensing changes in the device
characteristics of the pixels and modify input data to the
pixels based on the sensing result to compensate for the
degradation of the pixels is used in the OLED display. The
changes in the device characteristics of the pixels include
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changes in the characteristics of the driving TFT including the
threshold voltage, the mobility, etc. of the driving TFT.
[0009] Becausea related art compensation technology peri-
odically senses changes in device characteristics of all of
pixels so as to decide changes in device characteristics of each
pixel, it takes a long time for the related art compensation
technology to sense changes in the device characteristics of
the pixels. Further, the related art compensation technology
requires a mass memory capable of storing sensing data of all
of the pixels.

SUMMARY OF THE INVENTION

[0010] Embodiments of the invention relate to sensing
device characteristics of pixels. An input image is analyzed to
at least determine gray level difference in a first direction at
different portions of the input image. The different portions
include a first portion with a first level of gray level difference
in the first direction and a second portion with a second level
of gray level difference in the first direction. The second level
of gray level difference is higher than the first level of gray
level difference. A subset of pixels in a display panel is
selected based on the analysis of the input image. The selected
subset of pixels displaying the first portion is separated in the
first direction by a first sensing interval. The selected subset of
pixels displaying the second portion is separated in the first
direction by a second interval shorter than the first interval.
The device characteristics of the selected subset of pixels are
sensed in a first sensing period. The device characteristics of
unselected pixels are estimated based on the sensed device
characteristics of the pixels.

[0011] In one embodiment, gray level difference in a sec-
ond direction perpendicular to the first direction is further
analyzed. The different portions further include a third por-
tion with a third level of gray level difference in the second
direction and a fourth portion with a fourth level of gray level
difference in the second direction. The fourth level of gray
level difference is higher than the third level of gray level
difference. The selected subset of pixels displaying the third
portion is separated in the second direction by a third sensing
interval, and the selected subset of pixels displaying the
fourth portion is separated in the second direction by a fourth
interval shorter than the third interval.

[0012] In one embodiment, another subset of pixels in the
display panel different from the subset of pixels is selected in
asecond sensing period subsequent to the first sensing period.
The device characteristics of the other selected subset of
pixels in the second sensing period are sensed. The device
characteristics of the other selected subset of pixels in the
second sensing period are estimated.

[0013] In one embodiment, a first temporal interval
between the first sensing period and the second sensing
period for the input image that is stationary is longer than a
second temporal interval between the first sending period and
the second sensing period for the input image that is dynamic.
[0014] Inoneembodiment, the other subset of pixels of the
first portion selected in the second sensing period includes
pixels displaying the first portion but different from the pixels
selected in the first sensing period.

[0015] In one embodiment, the input image is divided into
the different portions where each of the portions is of the same
size.

[0016] In one embodiment, the device characteristics
include at least one of a threshold voltage of a thin film
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transistor (TFT) for driving an organic light emitting diode
(OLED) in a pixel or mobility of the TFT for driving the
OLED in the pixel.

[0017] Inoneembodiment, the device characteristics com-
prises are estimated by performing interpolation on the
selected subset of pixels in the first portion to estimate the
device characteristics of unselected pixels in the first portion,
and performing interpolation on the selected subset of pixels
in the second portion to estimate the device characteristics of
unselected pixels in the second portion.

[0018] In one embodiment, the sensed device characteris-
tics of the pixels and the estimated device characteristics of
the pixels are stored to perform data compensation to account
for degradation of the pixels.

[0019] Embodiments also relate to a display panel driving
circuit in a display device including an image analyzer and a
data driver circuit. The image analyzer includes a processor
and a non-transitory computer-readable storage medium. The
computer-readable storage medium stores instructions that
cause a processor to analyze an input image to at least deter-
mine gray level difference in a first direction at different
portions of the input image. The different portions including
a first portion with a first level of gray level difference in the
first direction and a second portion with a second level of gray
level difference in the first direction. The second level of gray
level difference is higher than the first level of gray level
difference. A subset of pixels in a display panel is selected
based on the analysis of the input image. The selected subset
of pixels displaying the first portion is separated in the first
direction by a first sensing interval. The selected subset of
pixels displaying the second portion is separated in the first
direction by a second interval shorter than the first interval.
The data driver circuit senses the device characteristics of the
selected subset of pixels in a first sensing period, and esti-
mates the device characteristics of unselected pixels based on
the sensed device characteristics of the pixels.

[0020] Embodiments also relate to a display device includ-
ing a display panel, an image analyzer, and a data driver
circuit. The display panel includes a plurality of pixels with
organic light emitting diodes (OLEDs). The image analyzer
includes a processor and a non-transitory computer-readable
storage medium storing instructions. When the instructions
are executed, the processor analyzes an input image to at least
determine gray level difference in a direction at different
portions of the input image. The different portions including
a first portion with a first level of gray level difference in the
first direction and a second portion with a second level of gray
level difference in the same direction. The second level of
gray level difference is higher than the first level of gray level
difference. A subset of pixels in a display panel is selected
based on the analysis of the input image. The selected subset
of pixels displaying the first portion is separated in the first
direction by a first sensing interval. The selected subset of
pixels displaying the second portion is separated in the first
direction by a second interval shorter than the first interval.
The data driver circuit senses the device characteristics of the
selected subset of pixels in a sensing period and estimates the
device characteristics of unselected pixels based on the
sensed device characteristics of the pixels.

[0021] Embodiments also relate to a non-transitory com-
puter-readable storage medium storing instructions. The pro-
cessor executes the instructions to analyze an input image to
at least determine gray level difference in a direction at dif-
ferent portions of the input image. The different portions
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including a first portion with a first level of gray level differ-
ence in the direction and a second portion with a second level
of gray level difference in the same direction. The second
level of gray level difference is higher than the first level of
gray level difference. A subset of pixels in a display panel is
selected based on the analysis of the input image. The selected
subset of pixels displaying the first portion is separated in the
first direction by a first sensing interval. The selected subset of
pixels displaying the second portion is separated in the first
direction by a second interval shorter than the first interval.
The device characteristics of the selected subset of pixels are
sensed in a sensing period but the device characteristics of
unselected pixels are estimated based on the sensed device
characteristics of the pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] 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:

[0023] FIG. 1is a block diagram of an organic light emit-
ting diode (OLED) display according to one embodiment.
[0024] FIG. 2 is an equivalent circuit diagram of a pixel in
an OLED display according to one embodiment.

[0025] FIG. 3 is a timing diagram showing signals for sens-
ing changes in device characteristics of a pixel, according to
one embodiment.

[0026] FIG. 4 is an example image with similar degrees of
degradation across pixels.

[0027] FIG. 5isanexample image with different degrees of
degradation across pixels.

[0028] FIG. 6isa flow chart showing a method for sensing
device characteristics of a display device, according to one
embodiment.

[0029] FIG. 7 shows an image of a frame divided into
multiple blocks, according to one embodiment.

[0030] FIG. 8 is a diagram showing rotation of pixels for
detecting the degree of degradation in the pixels, according to
one embodiment.

[0031] FIG. 9 is an example of an image having device
characteristics change more significantly in a horizontal
direction than in a vertical direction.

[0032] FIG. 10 shows an example of an image with a small
degree of change in the horizontal direction and a large degree
of change in the vertical direction and where highlighted
boxes indicate the pixels selected for direct sensing, accord-
ing to one embodiment.

[0033] FIG. 11 shows an example of an image with com-
plexity in the horizontal direction similar to complexity in the
vertical direction and where highlighted boxes indicate the
pixels selected for direct sensing, according to one embodi-
ment.

[0034] FIG. 12 shows an example of an irregular image
where highlighted boxes indicate the pixels selected for direct
sensing, according to one embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0035] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
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reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
invention.

[0036] Referring to FIGS. 1to 3, an organic light emitting
diode (OLED) display according to an exemplary embodi-
ment of the invention includes a display panel 100, an image
analyzer 112, and a display panel driving circuit. The display
panel driving circuit may include, for example, a timing con-
troller 110, a data driver 102 and a gate driver 104.

[0037] A pixel array of the display panel 100 displays data
of an input image. The pixel array of the display panel 100
includes a plurality of data lines DL, a plurality of scan (or
gate) lines GL crossing the data lines DL, and pixels arranged
in a matrix form. Each pixel may include a red subpixel, a
green subpixel, and a blue subpixel for the color representa-
tion. Each pixel may further include a white subpixel. The
display panel 100 may include a red color filter, a green color
filter, and a blue color filter.

[0038] The display panel 100 includes reference lines SL
for sensing changes in device characteristics of the pixels. A
pair of scan lines may be connected to each subpixel, so that
first and second scan signals Scan A and Scan B can be
applied to each subpixel.

[0039] The change in the device characteristics of the pixel
includes changes in characteristics of a driving thin film tran-
sistor (TFT), for example, the change in a threshold voltage of
the driving TFT (AVth), the change in the mobility of the
driving TFT (Ap), etc.

[0040] FIG. 2 is an equivalent circuit diagram of a pixel in
an OLED display according to one embodiment. As shown in
FIG. 2, each pixel may include three thin film transistors
(TFTs)T1, T2, and T3, a storage capacitor Cst, and an organic
light emitting diode (OLED), but is not limited thereto. The
OLED may be configured as an organic compound layer
including a hole injection layer HIL, a hole transport layer
HTL, an emission layer EML, an electron transport layer
ETL, an electron injection layer EIL, etc. An anode of the
OLED is connected to a source of the second TFT T2, and a
cathode of the OLED is connected to a ground level voltage
source GND.

[0041] The first TFT T1 applies a data signal input through
the data line DL to a gate of the second TFT T2 through a first
node A inresponse to the first scan signal Scan A. A gate ofthe
first TFT T1 is connected to a first scan line GL, to which the
first scan signal Scan A is applied. A drain of the first TFT T1
is connected to the data line DL, and a source of the first TFT
T1 is connected to the gate of the second TFT T2 via the first
node A.

[0042] The second TFT T2 operates as a driving TFT and
adjusts current flowing in the OLED depending on a gate
voltage. A high potential power voltage ELVDD is applied to
a drain of the second TFT T2. The source of the second TFT
T2 is connected to the anode of the OLED via a second node
B.

[0043] The third TFT T3 connects the second node B to a
third node C in response to the second scan signal Scan B. The
third node C is connected to the reference line SL. The third
TFT T3 is turned on during a sensing period for sensing
changes in the device characteristics of the pixel. The sensing
period may be set within a vertical blank period, in which data
is not written on the pixels. In this instance, the third TFT T3
maintains an off-state during a data enable period, in which
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data is written on the pixels, and is turned on in response to the
second scan signal Scan B during the vertical blank period. A
drain of the third TFT T3 is connected to the second node B,
and a source of the third TFT T3 is connected to the third node
C. A gate of the third TFT T3 is connected to a second scan
line GL, to which the second scan signal Scan B is applied.
The storage capacitor Cst is connected between the gate and
the source of the second TFT T2 through the first and second
nodes A and B.

[0044] The image analyzer 112 includes a processor 111
and a computer-readable storage medium 113 for storing
instructions. The image analyzer 112 analyzes data of the
input image received from a host system 120 and analyzes
one or more of gray level distribution, complexity, and a
motion of the input image in each frame period. An image
analysis method may use any known method, for example, a
histogram analysis method, an analysis method using an edge
filter, a motion vector analysis method, etc. In general, a
display device includes an image analysis module embedded
in a timing controller 110 and analyzing an input image, so as
to improve image quality. In this instance, the embodiment of
the invention may use the image analyzer 112 as the existing
image analysis module without adding a new component. The
image analyzer 112 may be embedded in the timing controller
110.

[0045] Theimage analyzer 112 receives timing signals syn-
chronized with the input image from the host system 120. The
timing signals include a vertical sync signal Vsync, a hori-
zontal sync signal Hsync, a data enable signal DE, a dot clock
DCLK, and the like. The image analyzer 112 selects a pixel
whose changes in device characteristics are to be sensed
based on the analysis of the input image, as described below
in detail with reference to FIG. 6, and transmits location
information of the pixel to the timing controller 110. The
image analyzer 112 counts the timing signals and may deter-
mine thelocation of the pixel whose device characteristics are
to be sensed.

[0046] Theimage analyzer 112 divides the inputimage into
aplurality of blocks. The image analyzer 112 may analyze the
input image on a per block basis and may determine a spatial
distance or temporal distance (hereinafter, referred to as “a
sensing interval”) between pixels to be sensed directly in each
block, and the location of the pixels to be sensed based on the
analysis of the image. The sensing interval and the location of
the sensed pixel within each block may be changed depending
on the analysis of the image. The image analyzer 112 reduces
the sensing interval in an image with high complexity and
increases the sensing interval in an image with low complex-
ity. Also, the image analyzer 112 reduces the sensing interval
in an image having a large gray level difference and increases
the sensing interval in an image having a small gray level
difference. The image analyzer 112 may change a time intet-
val for changing a location of a pixel to be sensed based on the
analysis of the image. For example, the image analyzer 112
may reduce a time interval changing the sensing location in a
motion picture and may increase the time interval in a still
image.

[0047] Thehost system 120 may be implemented as one of
atelevision system, a set-top box, a navigation system, a DVD
player, a Blu-ray player, a personal computer (PC), a home
theater system, and a phone system.

[0048] The display panel driving circuit includes a data
driver 102, a gate driver 104, and the timing controller 110.
The display panel driving circuit writes the data of the input
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image on the pixel array of the display panel 100. The display
panel driving circuit senses changes in the device character-
istics of the pixel and modulates the data of the input image
based on the changes in the device characteristics of the pixel,
thereby compensating for the changes in the device charac-
teristics of the pixel.

[0049] The display panel 100 and/or the data driver 102
include(s) a sensing unit for sensing changes in the device
characteristics of the pixels. The sensing unit may include an
analog-to-digital converter (ADC) connected to the pixels
and at least one switching element.

[0050] The data driver 102 includes at least one source
driver integrated circuit (IC). The data driver 102 converts
data of the input image received from the timing controller
110 into an analog gamma compensation voltage using a
digital-to-analog converter (DAC) and generates the data sig-
nal. The data driver 102 outputs the data signal to the data
lines DL. Each pixel data includes red data, green data, and
blue data. Each pixel data may further include white data.
[0051] The data driver 102 transmits a sensing value
received through the ADC to the timing controller 110. The
ADC, the DAC, and a switch SW1 shown in FIG. 2 may be
embedded in the data driver 102. The sensing value is digital
data representing changes in the device characteristics of the
pixels being directly sensed by the sensing unit.

[0052] The gate driver 104 supplies a scan signal (or a gate
pulse) synchronized with an output voltage of the data driver
102 to the scan lines GL during the data enable period under
the control of the timing controller 110. The gate driver 104
supplies the scan signal for sensing changes in the device
characteristics to the scan lines GL during the vertical blank
period. Thus, the gate driver 104 sequentially shifts the scan
signal and sequentially selects the pixels for applying data on
a per line basis. Further, the gate driver 104 sequentially
selects the pixels to sense their device characteristics on a per
line basis.

[0053] The data driver 102 and the gate driver 104 drive all
of channels during a period during which image data is
applied to the pixels under the control of the timing controller
110. The timing controller 110 may selectively turn on or off
driving channels of the data driver 102, the gate driver 104,
and the sensing unit, so as to drive only the channels con-
nected to the pixel of the sensing location. Hence, power
consumption may be minimized during the sensing period.
[0054] The timing controller 110 receives the pixel data of
the input image and the timing signals from the host system
120. The timing controller 110 generates timing control sig-
nals for controlling operation timings of the data driver 102
and the gate driver 104 based on the timing signals Vsync,
Hsyne, DE, and DCLK received along with the pixel data of
the input image.

[0055] The timing controller 110 may execute an image
quality compensation algorithm calculating a compensation
value based on the sensing value received through the ADC.
The image quality compensation algorithm may use any
known algorithm compensating for changes in the device
characteristics of the OLED display. The image quality com-
pensation algorithm obtains the sensing values from the pix-
els of the sensing location, calculates changes in device char-
acteristics of remaining pixels using the sensing values, and
estimates changes in the device characteristics of the remain-
ing pixels. The image quality compensation algorithm stores
the sensing value received through the ADC in a memory (not
shown), selects a compensation value previously set based on
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the sensing value, and modulates the data of the input image
using the compensation value. The compensation value may
be added to or subtracted from the data of the input image to
produce an offset value compensating for the threshold volt-
age of the driving TFT. Further, the compensation value may
be multiplied by the pixel data to produce a gain value com-
pensating for the mobility of the driving TFT. The timing
controller 110 transmits the pixel data modulated by the
image quality compensation algorithm to the data driver 102.
As described above, the embodiment of the invention com-
pensates for the changes in the device characteristics of the
pixels and thus can increase the lifespan of the OLED display.
[0056] FIG. 3 is a timing diagram showing signals for sens-
ing changes in device characteristics of a pixel, according to
one embodiment. The timing controller 110 generates the first
and second scan signals Scan A and Scan B and an initializa-
tion pulse INIT during the vertical blank period. A pulse
width of the first scan signal Scan A is shorter than a pulse
width of the second scan signal Scan B. A width of the
initialization pulse INIT is longer than the pulse width of the
first scan signal Scan A and is shorter than pulse width of the
second scan signal Scan B. After the level of the second scan
signal Scan B rises, the levels of initialization pulse INIT and
the first scan signal Scan A subsequently rise. After the level
of the first scan signal Scan A falls, the level of the initializa-
tion pulse INIT and the second scan signal Scan B subse-
quently fall.

[0057] The data driver 102 supplies a previously set data
signal to the data lines DL during the vertical blank period, to
enable sensing of changes in the device characteristics of the
pixels. In the embodiment disclosed herein, the previously set
data signal is a signal set to a predetermined voltage irrespec-
tive of the data signal of the input image

[0058] The third TFT T3 is turned on in response to the
second scan signal Scan B and connects the second node B to
the third node C. Subsequently, the initialization pulse INIT
turns on the switch SW1 and supplies a predetermined ini-
tialization voltage Vinit to the third node C. The initialization
C. Subsequently, the first scan signal Scan A is generated, and
the predetermined data signal is applied to the gate of the
second TFT T2. Hence, voltages of the second and third nodes
B and Crise. The ADC converts changes in the voltage of the
third node C rising for a sensing time is into digital and
outputs a sensing value. The sensing value indicates changes
in the device characteristics of the pixel and is transmitted to
the timing controller 110.

[0059] The degree of pixel degradation may be different
among pixels depending on the input image. Taking example
of an image shown in FIG. 4, pixels applied with the same
gray level or similar gray levels are similarly degraded. On the
contrary, in the example of FIG. 5, the degree of pixel degra-
dations varies among pixels depending on gray levels applied
to the pixels. Because high gray level data cause stresses in the
driving TFT T2 of the pixel more than low gray level data, the
pixel receiving the high gray level data may be degraded more
rapidly than the pixel receiving the low gray level data. As
shown in FIG. 6, the embodiment of the invention changes an
interval between the pixels to be sensed and time interval for
sensing based on the degree of pixel degradation that in turn
depends on the input image.

[0060] FIG. 61s a flow chart showing a method for sensing
the device characteristics of the display device according to
one the embodiment of the invention. The device character-
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istics sensing method analyzes S1 an input image and decides
S2 a sensing interval based on the analysis of the input image.
[0061] A method for sensing the device characteristics
according to one embodiment divides an input image into a
plurality of blocks having the same size. When the degree of
complexity and/or gradation of gray levels of one block in a
horizontal direction (for example, x-axis direction) and a
vertical direction (for example, y-axis direction) are about the
same or similar, the sensing interval of one block is selected
S3. The sensing interval is an interval between pixels whose
device characteristics are to be sensed directly. The sensing
interval includes (1) a spatial sensing interval (K, L) between
pixels in one frame period and (ii) a temporal sensing interval
(M) for changing the sensing locations across multiple frame
periods. The spatial distance includes a sensing interval K in
the horizontal direction (x-axis direction) and a sensing intet-
val L in the vertical direction (y-axis direction).

[0062] Ifthe pixel data indicates that there are one or more
blocks having the degree of complexity and/or gray level
difference exceeding a previously set threshold value, the
sensing interval of the block is set S4 to an irregular interval
in accordance with characteristics of the input image. The
sensing intervals K, L, and M increase in a portion of the
image where the degree of complexity and/or the gray level
difference within the blocks remain the same or are similar.
On the other hand, the sensing intervals K, [, and M decrease
in a portion of the image where the degree of complexity
and/or the gray level difference within the blocks exceed the
predetermined threshold value. There may be more than one
threshold value used for different sensing intervals K, L and
M so as to variously select the sensing interval depending on
the input image.

[0063] Subsequently, pixels separated by the sensing inter-
val are selected S3 or S4. The device characteristics of the
selected pixels are sensed and stored S5 in memory. Device
characteristics of unselected pixels are estimated using the
sensed device characteristics and projected degree of degra-
dation in the unselected pixels and stored S6 in the memory.
[0064] Embodiments of the invention changes the location
of the pixel to be sensed, senses device characteristics of the
pixel, and estimates device characteristics of the remaining
pixels using the device characteristics of the sensed pixel.
Hence, embodiments may apply a direct sensing method and
an indirect sensing method to all of the pixels. The indirect
sensing method calculates changes in device characteristics
of other pixels using the sensing values and estimates the
degree of degradation in pixels that were not directly sensed.
[0065] Embodiments also change S8 alocation of a pixel to
be sensed for each frame period, at predetermined time inter-
vals, or at variable time intervals set based on the analysis of
the image analysis, so that all of the pixels in a block are
directly sensed as time elapses. The location of a pixel to be
sensed directly may be rotated in a predetermined order so
that all of the pixels in a block is directly sensed with elapse
of time. Because device characteristics of other pixels are
estimated using the sensed value, a direct sensing cycle of the
pixel can be longer than conventional schemes.

[0066] Subsequently, the degree of degradation in each
pixel is estimated based on the collected sensing values of the
selected pixels and performs S7 data compensation using the
estimated degradation of each pixel.

[0067] FIG. 7 shows an image of a frame divided into
multiple blocks 71, 72 and 73, according to one embodiment.
The image analyzer 112 divides an image of one frame into a
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plurality of blocks 71, 72, 73. A first block 71 includes pixel
data representing a sky, a second block 72 includes pixel data
representing water and wood, and a third block 73 includes
pixel data representing a boat floating on the water.

[0068] Because the pixel data of the first block 71 repre-
sents the monotonous sky represented at similar gray levels,
the pixel data of the first block 71 is similar. Hence, when
pixel data of an image shown in FIG. 7 is written on pixels of
the first block 71, the degree of degradation in the pixels of the
first block 71 is also similar. Therefore, the sensing interval in
the first block 71 is increased. In particular, because there is a
small change in the pixel data of the first block 71 in the
horizontal direction and there is a relatively small change in
the pixel data of the first block 71 in the vertical direction, the
sensing interval K is increased (in the example, K=4), and the
sensing interval L is relatively decreased (in the example,
L=2).

[0069] Because animage of the second block 72 is a bound-
ary portion between the sky and the wood, there is a small
change in pixel data of the second block 72 in the horizontal
direction and a change in pixel data of the second block 72 in
the vertical direction is larger than the first block 71. Thus, the
sensing interval K of the second block 72 is increased (in the
example, K=3), and the sensing interval L of the second block
72 is relatively decreased (in the example, [.=2).

[0070] In an image of the third block 73, pixel data having
a large gray level difference across both the horizontal direc-
tion and the vertical direction. Thus, the sensing intervals K
and L of the third block 73 are both decreased (in the example,
K=2 and [ =2).

[0071] FIG. 8 is a diagram showing rotation of pixels for
detecting the degree of degradation in the pixels, according to
one embodiment. In this example, the sensing intervals K, L,
and M based on the result of an image analysis.

[0072] The embodiment of the invention may set the sens-
ing intervals K and L to “2” in an Nth frame period and may
directly sense device characteristics of first, fifth, ninth, and
thirteenth pixels. The embodiment of the invention calculates
device characteristics of unselected pixels using a sensing
value in the Nth frame period. Device characteristics of the
unselected pixels (for example, second, third, and fourth pix-
els) in the Nth frame period may be estimated through a
known interpolation method using the sensing values of the
selected first, fifth, ninth, and thirteenth pixels. For example,
the device characteristics of the fourth pixel may be calcu-
lated through the interpolation method using two or more of
the sensing values of the first, fifth, ninth, and thirteenth
pixels.

[0073] The embodiment of the invention senses the device
characteristics of the fourth pixel atan (N+M)th frame, where
M is a positive integer. The location of the selected pixel may
be changed at a predetermined time interval or change as a
result of an analysis of the input image.

[0074] Because changes in device characteristics of pixels
in amotion picture are irregular and rapid, it is preferable, but
not required, to decrease a sensing cycle of the device char-
acteristic. On the other hand, in a still image, a sensing cycle
of the device characteristics of the pixel is increased for the
opposite reason. Thus, the sensing interval M in an input
image (for example, motion picture) expected to experience a
large change in the device characteristics across time is
decreased while the sensing interval M in an input image (for
example, still image) expected to experience a small change
in the device characteristics across the time.
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[0075] FIG. 9 shows an example of an image, in which
there is a small change in device characteristics in the vertical
direction and there is a large change in device characteristics
in the horizontal direction. The highlighted boxes in FIG. 9
indicate the pixels selected for direct sensing.

[0076] Inanimage showninFIG.9,there is a small change
in gray level in the vertical direction, and there is a relatively
large change in gray level in the horizontal direction. In other
words, degradation degrees of adjacent pixels in the vertical
direction are similar to one another, and degradation degrees
of adjacent pixels in the horizontal direction are different
from one another. Because of this, even though the sensing
interval L of the vertical direction increases, a sensing error is
rarely generated between the pixels arranged along the verti-
cal direction. On the other hand, when the sensing interval K
of the horizontal direction increases, a sensing error between
the pixels arranged along the horizontal direction may
increase because there is a large change in the device charac-
teristics of the adjacent pixels in the horizontal direction.
Thus, embodiments of the invention select the sensing inter-
val L of the vertical direction as a value greater than the
sensing interval K of the horizontal direction. For example, in
FIG. 9, the sensing intervals L and K are 5 and 2, respectively.
[0077] FIG. 10 shows an example of an image with a small
degree of change in device characteristics in the horizontal
direction and a large degree of change in device characteris-
tics in the vertical direction and where highlighted boxes
indicate the pixels selected for direct sensing, according to
one embodiment. Specifically, in the image of FIG. 10, there
is a small change in gray level in the horizontal direction,
while and there is a relatively large change in gray level in the
vertical direction. In other words, degradation degrees of
adjacent pixels in the horizontal direction are similar to one
another, and degradation degrees of adjacent pixels in the
vertical direction are different from one another. Because of
this, even though the sensing interval K of the horizontal
direction increases, a sensing error is rarely generated
between the pixels arranged along the horizontal direction.
On the other hand, when the sensing interval L of the vertical
direction increases, a sensing error between the pixels
arranged along the vertical direction may increase because
there is a large change in the device characteristics of the
adjacent pixels in the vertical direction. Thus, embodiments
of the invention select the sensing interval K of the horizontal
direction as a value greater than the sensing interval L of the
vertical direction. For example, in FIG. 10, the sensing inter-
vals L and K are 2 and 4, respectively.

[0078] FIG. 11 shows an example of an image with com-
plexity in the horizontal direction similar to complexity in the
vertical direction and where highlighted boxes indicate the
pixels selected for direct sensing, according to one embodi-
ment. In FIG. 11, the degree of changes in gray level in the
horizontal direction is similar to the degree of changes in gray
level in the vertical direction. Hence, the same value of 2 is
selected for both sensing interval K in the horizontal direction
and the sensing interval L in the vertical direction.

[0079] FIG. 12 shows an example of an irregular image
where highlighted boxes indicate the pixels selected for direct
sensing, according to one embodiment. In an image shown in
FIG. 12, there is a large difference between a gray level of a
middle portion and a gray level of a background. Further,
there is a large difference between complexity of the middle
portion of the image and complexity of the background. In the
image with a high complexity, there is a large difference
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between degradation degrees of adjacent pixels. On the con-
trary, in a monotonous image having a low complexity, deg-
radation degrees of adjacent pixels are similar. In the image
shown in FIG. 12, the sensing interval in the middle portion is
selected to be small while the sensing interval in the back-
ground is selected to be long.

[0080] The embodiment of the invention drives only the
pixels of the sensing location and can greatly reduce the
power consumption of the data driver 102 and the gate driver
104. The timing controller 110 may control the data driver
102 and the gate driver 104, so that only the pixels of the
sensing location can be driven based on information on the
sensing location received from the image analyzer 112. For
example, the timing controller 110 may control the data driver
102, so that only source output channels connected to the
pixels of the sensing location through the data line among
source output channels of the data driver 102 are driven, and
remaining source output channels are not driven. The non-
driven source output channels may be floated. Because the
ADC, the buffer, etc. are not driven in the non-driven source
output channels, the power consumption is scarcely gener-
ated. The timing controller 110 may control the gate driver
104, so that only gate output channels connected to the pixels
of the sensing location through the gate line among gate
output channels of the gate driver 104 are driven, and remain-
ing gate output channels are not driven. The non-driven gate
output channels may be floated. The power consumption is
scarcely generated in the non-driven gate output channels.
[0081] Embodiments of the invention select the pixels to be
sensed based on the analysis of the input image and directly
senses device characteristics of the selected pixels in a sens-
ing period. The embodiment of the invention estimates
changes in device characteristics of other pixels using two or
more sensing values and projected degradation degrees of the
other pixels. Thus, the embodiment of the invention directly
sense some pixels of the input image and calculates changes
in device characteristics of remaining pixels using the sensing
values. Therefore, time, the memory, etc. required to sense the
pixels may be improved.

[0082] When the gray levels of pixel data for the pixels are
similar, the pixels are similarly degraded. On the other hands,
when pixel data have a large discrepancy and/or the large gray
level difference, the degradation of pixels differ significantly.
Embodiments determine the sensing interval between the
pixels to be sensed depending on the input image and thereby
reduces the number of pixels to be directly sensed without
sacrificing the sensing error.

[0083] As described above, the embodiment of the inven-
tion senses changes in the device characteristics of some
pixels of the input image and calculates changes in device
characteristics of other pixels using the sensing values. The
embodiment of the invention changes the sensing interval
based on the analysis of the input image. Thus, the embodi-
ment of the invention can reduce time and resources (e.g.,
memory capacity) for sensing changes in the device charac-
teristics of the pixels of the OLED display. Furthermore, only
the channels of the driving circuit connected to the pixels
selected for direct sensing are driven during a sensing period
and thereby reduces the power consumption of the OLED
display.

[0084] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
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will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:

1. A method of sensing device characteristics of pixels,
comprising:

analyzing an input image to at least determine gray level

difference in a first direction at different portions of the
input image, the different portions including a first por-
tion with a first level of gray level difference in the first
direction and a second portion with a second level of
gray level difference in the first direction, the second
level of gray level difference higher than the first level of
gray level difference;

selecting a subset of pixels in a display panel based on the

analysis of the input image, wherein the selected subset
of pixels displaying the first portion is separated in the
first direction by a first sensing interval, wherein the
selected subset of pixels displaying the second portion is
separated in the first direction by a second interval
shorter than the first interval;

sensing the device characteristics of the selected subset of

pixels in a first sensing period; and

estimating the device characteristics of unselected pixels

based on the sensed device characteristics of the pixels.

2. The method of claim 1, wherein analyzing the input
image further determines gray level difference in a second
direction perpendicular to the first direction,

wherein the different portions further include a third por-

tion with a third level of gray level difference in the
second direction and a fourth portion with a fourth level
of gray level difference in the second direction, wherein
the fourth level of gray level difference is higher than the
third level of gray level difference, and

wherein the selected subset of pixels displaying the third

portion is separated in the second direction by a third
sensing interval, and the selected subset of pixels dis-
playing the fourth portion is separated in the second
direction by a fourth interval shorter than the third inter-
val.

3. The method of claim 1, further comprising:

selecting another subset of pixels in the display panel dif-

ferent from the subset of pixels in a second sensing
period subsequent to the first sensing period;
sensing the device characteristics of the other selected sub-
set of pixels in the second sensing period; and

estimating the device characteristics of pixels other than
the other selected subset of pixels in the second sensing
period.

4. The method of claim 3, wherein a first temporal interval
between the first sensing period and the second sensing
period for the input image that is stationary is longer than a
second temporal interval between the first sending period and
the second sensing period for the input image that is dynamic.

5. The method of claim 3, wherein the other subset of pixels
of the first portion selected in the second sensing period
includes pixels displaying the first portion but different from
the pixels selected in the first sensing period.
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6. The method of claim 1, further comprising dividing the
input image into the different portions, wherein each of the
portions is of a same size.

7. The method of claim 1, wherein the device characteris-
tics include at least one of a threshold voltage of a thin film
transistor (TFT) for driving an organic light emitting diode
(OLED) in a pixel or mobility of the TFT for driving the
OLED in the pixel.

8. The method of claim 1, wherein estimating the device
characteristics comprises:

performing interpolation on the selected subset of pixels in

the first portion to estimate the device characteristics of
unselected pixels in the first portion; and

performing interpolation on the selected subset of pixels in

the second portion to estimate the device characteristics
of unselected pixels in the second portion.

9. The method of claim 1, further comprising storing the
sensed device characteristics of the pixels and the estimated
device characteristics of the pixels to perform data compen-
sation to account for degradation of the pixels.

10. A display panel driving circuit in a display device,
comprising:

an image analyzer comprising:

a processor, and
a non-transitory computer-readable storage medium

storing instructions thereon, the instructions when

executed by a processor cause the processor to:

analyze an input image to at least determine gray level
difference in a first direction at different portions of
the input image, the different portions including a
first portion with a first level of gray level differ-
ence in the first direction and a second portion with
a second level of gray level difference in the first
direction, the second level of gray level difference
higher than the first level of gray level difference,
and

select a subset of pixels ina display panel based onthe
analysis of the input image, wherein the selected
subset of pixels displaying the first portion is sepa-
rated in the first direction by a first sensing interval,
wherein the selected subset of pixels displaying the
second portion is separated in the first direction by
a second interval shorter than the first interval; and

a data driver circuit configured to:

sense the device characteristics of the selected subset
of pixels in a first sensing period; and

estimate the device characteristics of unselected pix-
els based on the sensed device characteristics of the
pixels.

11. The display panel driving circuit of claim 10, wherein
the computer-readable storage medium is further configured
to determine gray level difference in a second direction per-
pendicular to the first direction,

wherein the different portions further include a third por-

tion with a third level of gray level difference in the
second direction and a fourth portion with a fourth level
of gray level difference in the second direction, wherein
the fourth level of gray level difference is higher than the
third level of gray level difference, and

wherein the selected subset of pixels displaying the third

portion is separated in the second direction by a third
sensing interval, and the selected subset of pixels dis-
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playing the fourth portion is separated in the second
direction by a fourth interval shorter than the third intet-
val.

12. The display panel driving circuit of claim 10, wherein:

the computer-readable storage medium further stores

instructions causing the processor to select another sub-
setof pixels in the display panel different from the subset
of pixels in a second sensing period subsequent to the
first sensing period; and

the data driver circuit is further configured to:

sense the device characteristics of the other selected
subset of pixels in the second sensing period; and

estimate the device characteristics of pixels other than
the other selected subset of pixels in the second sens-
ing period.

13. The display panel driving circuit of claim 12, wherein
a first temporal interval between the first sensing period and
the second sensing period for the input image that is station-
ary is longer than a second temporal interval between the first
sending period and the second sensing period for the input
image that is dynamic.

14. The display panel driving circuit of claim 12, wherein
the other subset of pixels of the first portion selected in the
second sensing period includes pixels displaying the first
portion but different from the pixels selected in the first sens-
ing period.

15. The display panel driving circuit of claim 10, wherein
the computer-readable storage medium further stores instruc-
tions causing the processor to divide the input image into the
different portions, wherein each of the portion is of a same
size.

16. The display panel driving circuit of claim 10, wherein
the device characteristics include at least one of a threshold
voltage of a thin film transistor (TFT) for driving an organic
light emitting diode (OLED) in a pixel or mobility of the TFT
for driving the OLED in the pixel.

17. The display panel driving circuit of claim 10, wherein
the data driver circuit is configured to estimate the device
characteristics of the pixels by at least:

performing interpolation on the selected subset of pixels in

the first portion to estimate the device characteristics of
unselected pixels in the first portion; and

performing interpolation on the selected subset of pixels in

the second portion to estimate the device characteristics
of unselected pixels in the second portion.

18. The display panel driving circuit of claim 10, wherein
the data driver circuit is further configured to store the sensed
device characteristics of the pixels and the estimated device
characteristics of the pixels to perform data compensation to
account for degradation of the pixels.
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19. A display device comprising:

a display panel including a plurality of pixels with organic

light emitting diodes (OLEDs);

an image analyzer comprising:

a processor, and
a computer-readable storage medium storing instruc-

tions thereon, the instructions when executed by a

processor cause the processor to:

analyze an input image to at least determine gray level
difference in a direction at different portions of the
input image, the different portions including a first
portion with a first level of gray level difference in
the first direction and a second portion with a sec-
ond level of gray level difference in the direction,
the second level of gray level difference higher than
the first level of gray level difference, and

select a subset of pixels ina display panel based on the
analysis of the input image, wherein the selected
subset of pixels displaying the first portion is sepa-
rated in the first direction by a first sensing interval,
wherein the selected subset of pixels displaying the
second portion is separated in the first direction by
a second interval shorter than the first interval; and

a data driver circuit configured to:

sense the device characteristics of the selected subset
of pixels in a sensing period; and

estimate the device characteristics of unselected pix-
els based on the sensed device characteristics of the
pixels.

20. A non-transitory computer-readable storage medium
storing instructions thereon, the instructions when executed
by a processor cause the processor to:

analyze an input image to at least determine gray level

difference in a direction at different portions of the input
image, the different portions including a first portion
with a first level of gray level difference in the direction
and a second portion with a second level of gray level
difference in the direction, the second level of gray level
difference higher than the first level of gray level differ-
ence, and

select a subset of pixels in a display panel based on the

analysis of the input image, wherein the selected subset
of pixels displaying the first portion is separated in the
first direction by a first sensing interval, wherein the
selected subset of pixels displaying the second portion is
separated in the first direction by a second interval
shorter than the first interval,

wherein the device characteristics of the selected subset of

pixels are sensed in a sensing period but the device
characteristics of unselected pixels are estimated based
on the sensed device characteristics of the pixels.
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