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(57)  Provided are alight-emitting diode (LED) display
device and a method of operating the LED display device
determining whether a line flicker will occur based on a
level of an inputimage signal, obtaining an LED line scan
order corresponding to the level of the inputimage signal
and brightness according to the inputimage signal based
on the determining, and driving at least one LED line
based on the LED line scan order. An LED line scan order
may be adjusted according to a level of an input/output
image signal in an LED display device so as to reduce
occurrence of a line flicker phenomenon in all levels of
the input/output image signal.
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Description

[0001] The present disclosure relates to a light-emit-
ting diode (LED) display device in which occurrence of a
flicker phenomenon is reduced, a method of operating
the LED display device, and a non-transitory computer-
readable recording medium having recorded thereon a
program which, when executed by a computer, performs
the method.

[0002] Generally, a light-emitting diode (LED) display
device is a representative passive matrix device, has a
pixel structure in which LEDs are arranged at regular
intervals, and displays an image by representing various
colors via red, green, and blue (RGB) combinations.
Based on intervals of LEDs, an LED display device hav-
ing alarge LED pitch size is used as an outdoor electronic
board for transmitting information, and an LED display
device having a minute LED pitch size is used as adisplay
device for more general purposes, such as for atelevision
(TV).

[0003] AnLEDdisplaydeviceisadvantageousinterms
of brightness and a contrast ratio according to high light
efficiency of the LEDs, buta line flicker phenomenon may
occur since the LED display device does not use a hold-
ing method like an active matrix device. The line flicker
phenomenon denotes a phenomenon in which a screen
displayed by the LED display device has a white line or
flickers.

[0004] Provided are a light-emitting diode (LED) dis-
play device in which a line scan order of an LED module
is adjusted so as to reduce occurrence of a line flicker
phenomenon, a method of operating the LED display de-
vice, and a non-transitory computer-readable recording
medium having recorded thereon a program which, when
executed by a computer, performs the method.

[0005] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.

[0006] According to an aspect of an embodiment, a
light-emitting diode (LED) display device includes: an
LED module including at least one LED line; an LED driv-
er configured to drive the LED module; and a controller
configured to determine whether a line flicker will occur
based on a level of an input image signal, obtain an LED
line scan order corresponding to the level of the input
image signal and a brightness of an image displayable
on the LED display device according to the input image
signal, based on the determining, and control the LED
driver to drive the LED module based on the LED line
scan order obtained.

[0007] The LED line scan order obtained when deter-
mining that the line flicker will occur may be different from
the LED line scan order obtained when determining that
the line flicker will not occur.

[0008] The controllermay determine thatthe line flicker
will occur when the level of the input image signal is less
than or equal to a pre-set value.
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[0009] The pre-setvalue may be determined based on
an external input.

[0010] The LED display device may further include a
memory, wherein the controller may obtain, from the
memory, data to control the atleast one LED line accord-
ing to the LED line scan order, and transmit the obtained
data to the LED driver.

[0011] The LED display device may further include a
table including information about LED line scan orders
corresponding to levels of inputimage signals and bright-
nesses.

[0012] In the information about LED line scan orders
corresponding to levels and brightnesses, an LED line
scan order obtained when determining that line flicker
will occur may be different from an LED line scan order
obtained when determining that line flicker will not occur.
[0013] The controller may control the LED driver based
on the determining of whether the line flicker will occur
whenever a frame of the input image signal is changed.
[0014] The controller may control the LED driver based
on the determining of whether the line flicker will occur
during a period where the LED module does not operate
between adjacent frames of the input image signal.
[0015] The LED display device may further include a
plurality of the LED modules, and the controller may con-
trol the LED driver based on the determining of whether
the line flicker will occur in at least one LED module.
[0016] According to an aspect of another embodiment,
amethod of operating a light-emitting diode (LED) display
device including an LED module including at least one
LED line, the method includes: determining whether a
line flicker will occur, based on a level of an input image
signal; obtaining an LED line scan order corresponding
to the level of the input image signal and a brightness of
an image displayable on the LED display device accord-
ing to the input image signal, based on the determining;
and driving the at least one LED line based on the LED
line scan order obtained.

[0017] According to an aspect of another embodiment,
a non-transitory computer-readable recorded medium
has recorded thereon a program which, when executed
by a computer, performs the method.

[0018] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a block diagram of a structure of a light-
emitting diode (LED) display device, according to an
embodiment;

FIG. 2 is a flowchart of a method of adjusting, by an
LED display device, an LED line scan order, accord-
ing to an embodiment;

FIG. 3 is a graph illustrating a relationship between
a level of an input image signal and brightness, ac-
cording to an embodiment;

FIG. 4 is a diagram for describing an LED line scan
order of an LED display device, according to an em-
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bodiment;

FIG. 5 is a diagram for describing an LED line scan
order of an LED display device, according to another
embodiment;

FIG. 6 illustrates a table including information about
LED line scan orders corresponding to levels of input
image signals, according to an embodiment;

FIG. 7 is a diagram of a structure of an LED display
device including a plurality of LED modules, accord-
ing to an embodiment; and

FIG. 8 is a block diagram of a structure of an LED
display device, according to an embodiment.

[0019] Hereinafter, the terms used in the specification
will be briefly defined, and the embodiments will be de-
scribed in detail.

[0020] Al terms including descriptive or technical
terms which are used herein should be construed as hav-
ing meanings that are obvious to one of ordinary skill in
the art. However, the terms may have different meanings
according to the intention of one of ordinary skill in the
art, precedent cases, or the appearance of new technol-
ogies. Also, some terms may be arbitrarily selected by
the applicant, and in this case, the meaning of the se-
lected terms will be described in detail in the detailed
description of the present disclosure. Thus, the terms
used herein have to be defined based on the meaning
of the terms together with the description throughout the
specification.

[0021] When a part "includes" or "comprises" an ele-
ment, unless there is a particular description contrary
thereto, the part can further include other elements, not
excluding the otherelements. In the following description,
terms such as "unit" and "module" indicate a unit for
processing at least one function or operation, wherein
the unit and the block may be embodied as hardware or
software or embodied by combining hardware and soft-
ware.

[0022] One or more embodiments of the present dis-
closure will now be described more fully with reference
to the accompanying drawings. However, the one or
more embodiments of the present disclosure may be em-
bodied in many different forms, and should not be con-
strued as being limited to the embodiments set forth here-
in; rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the concept of the one or more embodiments of
the present disclosure to those of ordinary skill in the art.
In the following description, well-known functions or con-
structions are not described in detail since they would
obscure the one or more embodiments of the present
disclosure with unnecessary detail, and like reference
numerals in the drawings denote like or similar elements
throughout the specification.

[0023] FIG. 1isablock diagram of a structure of a light-
emitting diode (LED) display device 10, according to an
embodiment.

[0024] Referring to FIG. 1, the LED display device 10
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according to an embodiment may include a controller
100, an LED module 110, a memory 120, and an LED
driver 130.

[0025] The controller 100 includes one or more proc-
essors to perform operations for driving and controlling
the LED display device 10. For example, the controller
100 may control the LED driver 130, and select an LED
line to be driven by the LED module 110 by transmitting
a signal to the LED module 110. Also, the controller 100
may control the memory 120 to store data.

[0026] The controller 100 may receive an input image
signal from an external source, and control the LED mod-
ule 110 and the LED driver 130 based on the received
input image signal. Also, the controller 100 may control
the LED module 110 and the LED driver 130 in units of
a frame. Frames may be distinguished by a frame-dis-
tinguishing signal from among the input image signal.
The frame-distinguishing signal may be a vertical syn-
chronization signal but is not limited thereto.

[0027] The LED module 110 is an electronic compo-
nent in which one or more LEDs are mounted on a sub-
strate. The LED module 110 may include at least one
LED line. The LED line denotes a group of at least one
LED in a row or a column. Each LED may repeat quick
flickering tens to hundreds of times per second such that
a screen is displayed.

[0028] The LED module 110 may be driven in units of
LED lines by a signal from the controller 100. For exam-
ple, when the LED module 110 includes eight LED lines
111 through 118, i.e., Line0 to Line7, as shown in FIG.
1, and the controller 100 transmits a signal to Line0, the
LED line 111 corresponding to the Line0 may be driven
in the LED module 110.

[0029] Generally, the LED lines 111 through 118 of the
LED module 110 are sequentially scanned. For example,
Line1 may be turned on and then off after Line0 is turned
on and then off, and Line2 through Line7 may be con-
secutively turned on and then off. Accordingly, when a
user looks at a screen displayed by the LED display de-
vice 10 while moving his or her eyes from top to bottom
or from bottom to top, the user may see a white line on
the screen. This is referred to as a line flicker phenome-
non.

[0030] Meanwhile, in order to control each LED includ-
ed in each of the LED lines 111 through 118, the LED
module 110 may receive a signal from the LED driver
130. For example, when the LED line 111 corresponding
toLineOincludes eight LEDs 111athrough 111h, the LED
driver 130 may transmit a signal controlling each of the
eight LEDs 111a through 111h to the LED module 110.
[0031] The signal transmitted from the LED driver 130
to the LED module 110 may be a signal corresponding
to data for controlling each of the LED lines 111 through
118, and the data for controlling the LED lines 111
through 118 may be obtained from the memory 120. Also,
the signal transmitted from the LED driver 130 to the LED
module 110 may be synchronized with a control signal
transmitted from the controller 100 to the LED driver 130.
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[0032] Also, the LED module 110 may receive a signal
from the controller 100 to select an LED line to be driven
from among the LED lines 111 through 118, and may
receive a signal from the LED driver 130 to determine
which LED is to be turned on and off from among LEDs
included in the selected LED line. Each LED may gen-
erate a pixel at a point where two electrodes that orthog-
onally cross each other meet.

[0033] The memory 120 is hardware storing various
types of data processed in the LED display device 10,
and may store various types of data, programs, or appli-
cations for driving and controlling the LED display device
10 via control of the controller 100. The memory 120 may
store input/output signals or data corresponding to driv-
ing of the LED module 110 and the LED driver 130. For
example, the memory 120 may store data for controlling
each of the at least one LED line included in the LED
module 110.

[0034] The memory 120 may include a random access
memory (RAM), such as a dynamicrandom access mem-
ory (DRAM) or a static random access memory (SRAM),
a read-only memory (ROM), an electrically erasable pro-
grammable read-only memory (EEPROM), a CD-ROM,
aBlu-ray or another optical disk storage, a hard disk drive
(HDD), a solid state drive (SSD), or a flash memory, and
in addition, may include an external storage device ac-
cessible to the LED display device 10.

[0035] The LED driver 130 may be a semiconductor or
an integrated circuit providing a driving signal and data
as electric signals so as to drive each LED included in
the LED module 110. For example, the LED driver 130
may receive a control signal from the controller 100 to
determine a point of time when each of the LED lines 111
through 118 included in the LED module 110 is to be
turned on, and control which LEDs from among the LEDs
included in each of the LED lines 111 through 118 are to
be turned on at the determined point of time. The LED
driver 130 may receive data for controlling, by the con-
troller 100, each of the LED lines 111 through 118 from
the memory 120.

[0036] FIG. 2 is a flowchart of a method of adjusting,
by an LED display device, an LED line scan order, ac-
cording to an embodiment.

[0037] Referring to FIG. 2, in operation 210, the LED
display device may determine whether line flicker will oc-
cur based on a level of an input image signal. The level
of the input image signal is a type of data input to the
LED display device through the input image signal. The
level of the input image signal may be a gray level or a
color level.

[0038] According to an embodiment, the LED display
device may determine whether the line flicker will occur
based on the gray level of the input image signal. The
gray level is data indicating a degree of black and white
contrast and is used while forming an image by assigning
black and white contrast to each pointon a screen instead
of a color. For example, an 8-bit gray level may indicate
total 256 degrees of black and white contrast, from 0 to
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255. The level of input image signal will be described in
detail below with reference to FIG. 3.

[0039] The determining of whether the line flicker will
occur by the LED display device means predicting wheth-
er the line flicker will occur or not in advance. The LED
display device may pre-determine whether the line flicker
will occur before displaying an image corresponding to
a frame of the input image signal on a screen.

[0040] According to an embodiment, the LED display
device may determine that the line flicker will occur when
the level of the input image signal is less than or equal
to a pre-set value. Since a line flicker phenomenon is
highly lightly to occur when a dark image is displayed on
the screen, the LED display device may determine that
the line flicker will occur when the level of the input image
signal is less than or equal to the pre-set value.

[0041] For example, when the level of the input image
signal is an 8-bit gray level, the level of the input image
signal may have a value from 0 to 255, and the LED
display device may determine that the line flicker will oc-
cur when the level of the input image signal is less than
30. The value 30 is only an example, and does not limit
the pre-set value. A value determined to cause the line
flicker may vary depending on how the level of the input
image signal is defined.

[0042] According to an embodiment, the pre-set value
being a criterion for determining whether the line flicker
will occur may be determined based on an external input.
Alternatively, the pre-set value may be self-determined
by the LED display device or may be a fixed value.
[0043] In operation 220, the LED display device may
obtain an LED line scan order corresponding to the level
of the input image signal based on the determining. Ac-
cording to an embodiment, when it is determined that the
line flicker will not occur, the LED display device main-
tains a current LED line scan order, and when it is deter-
mined that the line flicker will occur, a new LED line scan
order may be obtained. Since brightness of an image
displayed on the screen of the LED display device is de-
termined by the input image signal according to the level
of the input image signal, the LED display device may
obtain the LED line scan order corresponding to the level
of the input image signal and the brightness based on
the determining.

[0044] For example, let's assume that there are six
LED lines from LineO to Line5 and the LED display device
is currently sequentially scanning from Line0O to Line5.
When it is determined that the line flicker will occur, the
LED display device may obtain anew LED line scan order
of Line0, Line2, Line4, Line1, Line3, and Line5. Such an
LED line scan order is only an example, and the new
LED line scan order may be an arbitrary order that does
not cause line flicker.

[0045] The LED line scan order obtained when it is
determined that the line flicker will occur may be adjusted
differently from the LED line scan order obtained when
it is determined that the line flicker will not occur because
a change in the result of the determining means that the
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level of the input image signal is changed, and the LED
line scan order corresponds to the level of the inputimage
signal.

[0046] According to an embodiment, the LED display
device may store a table including information about LED
line scan orders corresponding to levels of input image
signals. Alternatively, the LED display device may store
a table including information about LED line scan orders
corresponding to levels of inputimage signals and bright-
nesses. According to an embodiment, the table may in-
clude information about LED line scan orders corre-
sponding to all levels of inputimage signals. Forexample,
when the levelis an 8-bit gray level, the table may include
information about LED line scan orders respectively cor-
responding to levels from 0 to 255.

[0047] As another example, levels of input image sig-
nals may be divided into certain ranges, and the table
may include information about LED line scan orders cor-
responding to the ranges. For example, when the level
is an 8-bit gray level, the table may include an LED line
scan order corresponding to levels from 0 to 29 and an
LED line scan order corresponding to levels from 30 to
255. The table may include the information about LED
line scan orders corresponding to levels of the input im-
age signals in any one of various manners, and such
manners are not limited to above examples.

[0048] According to an embodiment, in the information
about LED line scan orders corresponding to levels of
input image signals, which is included in the table, an
LED line scan order corresponding to a level determined
to cause line flicker may be adjusted differently from an
LED line scan order corresponding to a level determined
to not to cause line flicker.

[0049] The LED display device may obtain the LED
line scan order corresponding to the level of the input
image signal by using the stored table. Alternatively, the
LED display device may obtain the LED line scan order
corresponding to the level of the input image signal and
the brightness by using the stored table. The table may
be stored in amemory or in a controller of the LED display
device. Also, the information about LED line scan orders
corresponding to levels of the input image signals may
be stored in a form other than the table.

[0050] In operation 230, the LED display device may
drive at least one LED line based on the obtained LED
line scan order. The LED display device may prevent
occurrence of a line flicker phenomenon in all levels of
input image signals by driving at least one LED line ac-
cording to the obtained LED line scan order correspond-
ing to the level of the input image signal.

[0051] The LED display device may obtain data for
controlling each of the at least one LED line according
to the LED line scan order. The LED display device may
obtain the data for controlling each of the at least one
LEDline soastoscanthe atleastone LED line according
to the obtained LED line scan order.

[0052] For example, let’'s assume that there are six
LEDlines,i.e.,Line0to Line5, and an LED line scan order
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is Line0, Line2, Line4, Line1, Line3, and Line5. the LED
display device may sequentially obtain data for control-
ling Line0, data for controlling Line2, data for controlling
Line4, data for controlling Line1, data for controlling
Line3, and data for controlling Line5.

[0053] Also, the LED display device may transmit the
obtained data to an LED driver. The LED driver may drive
the at least one LED line according to the LED line scan
order corresponding to the received data. The LED dis-
play device may prevent occurrence of a line flicker phe-
nomenon in all levels of input image signals by driving
the at least one LED line according to the obtained LED
line scan order.

[0054] The method described above may be per-
formed whenever a frame of the input image signal is
changed. The LED display device may prevent occur-
rence of a line flicker phenomenon in all frames by de-
termining whether the line flicker phenomenon will occur
per frame and adjusting an LED line scan order. Accord-
ing to an embodiment, the LED line scan order of the
LED display device may not be fixed in all frames, but
may be continuously adjusted per frame so as to prevent
occurrence of a line flicker phenomenon.

[0055] Alternatively, the method described above may
be performed during a period where at least one LED
line does not operate between adjacent frames of the
input image signal. A frame is distinguished by a frame-
distinguishing signal, such as a vertical synchronization
signal, and an LED line may not operate during a period
of time when a next frame is prepared after a frame-
distinguishing signal is received. The LED display device
may perform the above method during the period so as
to adverse effects that may be generated by changing
an LED line scan order while an LED line operates.
[0056] Meanwhile, the method described above may
be performed in units of one or more LED modules when
the LED display device includes a plurality of LED mod-
ules. The LED display device may include the plurality
of LED modules so as to display a screen having high
resolution. According to an embodiment, the LED display
device may perform the above method in units of individ-
ual LED modules even though the LED display device
includes the plurality of LED modules. Accordingly, each
LED module may be driven according to an LED line scan
order adjusted such that a line flicker phenomenon does
not occur.

[0057] As another example, the LED display device
may perform the above method in a unit of all of the LED
modules. The LED display device may drive all of the
LED modules according to an LED line scan order ad-
justed such that a line flicker phenomenon does not oc-
cur. In this case, the LED display device may prevent
occurrence of a line flicker phenomenon in units of entire
resolution, i.e., considering the entire resolution of the all
of the LED modules. As another example, the LED dis-
play device may perform the above method in units of an
arbitrary number of LED modules.

[0058] FIG. 3 is a graph illustrating a relationship be-
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tween a level of an input image signal and brightness,
according to an embodiment.

[0059] The level of the input image signal may be as-
sociated with brightness of an image displayed on a
screen of an LED display device by the input image sig-
nal. Forexample, when the level of the input image signal
is an 8-bit gray level, y denotes the brightness, and x
denotes the level, the relationship may be represented
as Equation 1.

[Equation 1]

K o3y
v =0(553)
[0060] In Equation 1, yO denotes a constant, and y de-
notes a gamma constant of a gamma curve. The bright-
ness and the level of the image input signal may be in a
gamma function relationship.
[0061] The brightness of the image displayed on the
screen of the LED display device may increase when the
level of the image input signal is high. On the contrary,
the brightness of the image displayed on the screen of
the LED display device may decrease when the level of
the image input signal is low.
[0062] Since a line flicker phenomenon is highly likely
to occur in a dark image, the possibility of occurrence of
the line flicker phenomenon may be high when the level
ofthe image input signalis low. Accordingly, as described
above, the LED display device may predict that the line
flicker phenomenon will occur when the level of theimage
input signal is less than or equal to a pre-set value. For
example, as shown in FIG. 3, it may be determined that
a line flicker phenomenon will occur when the LED dis-
play device displays an image of brightness correspond-
ing to a region where a level of an input image signal is
less than or equal to 30.
[0063] The relationship between the level of the input
image signal and the brightness may be determined via
any one of various methods, and is not limited to the
above relationship. For example, the relationship be-
tween the level of the input image signal and the bright-
ness may be determined based on an external input. As
another example, the relationship between the level of
the input image signal and the brightness may be self-
determined by the LED display device. Since defining of
the relationship between the level of the input image sig-
nal and the brightness is defining of the level of the input
image signal, the level of the input image signal may be
defined via any one of various methods described above.
[0064] FIG. 4 is a diagram for describing an LED line
scan order 400 of an LED display device, according to
an embodiment.
[0065] FIG. 4 illustrates an example when the LED dis-
play device needs to display a bright image on a screen.
A level of an input image signal corresponding to bright-
ness of the brightimage may be relatively high compared
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to that of a non-brightimage. For example, when the level
is an 8-bit gray level, the level may have a value of 180
from among 0 to 255.

[0066] For example, since the level of the input image
signal has a high value of 180, the LED display device
may determine that a line flicker phenomenon will not
occur even when a current LED line scan order is main-
tained. Accordingly, the LED display device may maintain
the LED line scan order 400. For example, as shown in
FIG. 4, ten LED lines of the LED module, i.e., Line0 to
Line9, may be sequentially scanned. The Line0 is a first
row in the LED module, the Line1 is a second row in the
LED module, and the Line 9 is a tenth row in the LED
module.

[0067] As another example, the LED display device
may obtain the LED line scan order 400 corresponding
to 180, i.e., the level of the input image signal. The LED
line scan order 400 corresponding to 180, i.e., the level
determined not to cause a line flicker phenomenon, may
be an order of sequentially scanning from a first LED line
toalast LED line. For example, as shownin FIG. 4, Line0
to Line 9 may be sequentially scanned. The LED display
device may obtain the LED line scan order 400 corre-
sponding to 180, i.e., the level of the input image signal,
by using atable including information aboutLED line scan
orders corresponding to levels of inputimage signals and
brightnesses.

[0068] The LED display device may drive at least one
LED line based on the current or obtained LED line scan
order 400. Since an LED line is driven based on an LED
line scan order determined not to cause aline flicker phe-
nomenon, a line flicker phenomenon may not occur.
[0069] FIG. 5 is a diagram for describing an LED line
scan order of an LED display device, according to another
embodiment.

[0070] FIG.5illustrates an example when the LED dis-
play device needs to display a dark image on a screen.
A level of an input image signal corresponding to bright-
ness of the dark image may be relatively low compared
to that of a non-brightimage. For example, when the level
is an 8-bit gray level, the level may have a value of 20
from among 0 to 255.

[0071] According to an embodiment, since the level of
the input image signal has a low value of 20, the LED
display device may determine that a line flicker phenom-
enon may occur when a current LED line scan order is
maintained. Accordingly, the LED display device may ob-
tain a new LED line scan order. For example, the LED
display device may obtain an LED line scan order 500
corresponding to 20, i.e., the level of the image input
signal, as shown in FIG. 5.

[0072] For example, as shown in FIG. 5, the newly ob-
tained LED line scan order 500 may be an order in which
oddth LED lines are scanned first, and then eventh LED
lines are scanned. Numbers in the LED line scan order
500 may indicate an order in which LED lines at locations
corresponding to the numbers are scanned. For exam-
ple, the LED line scan order 500 of FIG. 5, that is, 1, 6,
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2,7,3,8,4, 9,5, and 10 indicates that the Line O is
scanned first, the Line 2 is scanned sixth, and the Line
3 is scanned second, and so on. That is, each number
represents an order in which the corresponding Line is
scanned. Accordingly, there are ten LED lines, the LED
lines are scanned in an order of Line0, Line2, Line4,
Line6, Line8, Line1, Line3, Line5, Line7, and Line9.
[0073] As another example, the new LED line scan or-
der may be an order of scanning eventh LED lines first,
and then scanning oddth LED lines. As another example,
when there are ten LED lines, the new LED line scan
order may be an order of sequentially scanning Line0,
Line3, Line6, Line9, Line1, Line4, Line7, Line2, Line5,
and Line8. The new LED line scan order is not limited to
the above examples, and may be an arbitrary order that
does not cause a line flicker phenomenon in the level of
the input image signal.

[0074] The LED display device may drive at least one
LED line based on the new LED line scan order. Since
it is determined that a line flicker phenomenon may occur
when the current LED line scan order is maintained, the
LED display device may newly obtain an LED line scan
order to drive at least one LED line, thereby preventing
a line flicker phenomenon.

[0075] FIG. 6 illustrates a table 600 including informa-
tion about LED line scan orders corresponding to levels
of input image signals, according to an embodiment.
[0076] The table 600 of FIG. 6 shows types of the LED
line scan orders corresponding to the levels of the input
image signals, when the level of the input image signal
has an 8-bit value. The types of the LED line scan order
may be TYPEO to TYPE255 to correspond to the levels
of the input image signals having values from 0 to 255.
Each of TYPEO to TYPE255 may include information
about an LED line scan order. The LED line scan orders
corresponding to TYPEO to TYPE255 may be same or
different from each other.

[0077] For example, the table 600 may include infor-
mation about LED line scan orders corresponding to all
levels of input image signals. When there are ten LED
lines, TYPEO may be in an order of Line0, Line2, Line4,
Line6, Line8, Line1, Line3, Line5, Line7, and Line9,
TYPE1 may be in an order of Line1, Line3, Line5, Line7,
Line9, Line0, Line2, Line4, Line6, and Line8, and TYPE3
may be in an order of Line0, Line3, Line6, Line9, Line1,
Line4, Line7, Line2, Line5, and Line8. Each of TYPE4 to
TYPE255 may include an arbitrary order. Types of LED
line scan orders respectively corresponding to levels of
image input signals may be determined via any one of
various manners, and are not limited to above examples.
[0078] As another example, levels of input image sig-
nals may be divided into certain ranges, and the table
600 may include information about LED line scan orders
corresponding to the ranges. For example, when the lev-
els of the input image signals are in a range from 30 to
255, TYPE30 to TYPE255 may be the same types. Ac-
cordingly, LED line scan orders corresponding to levels
in the range from 30 to 255 may be the same. For exam-
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ple, when there are ten LED lines, Line0 to Line9 may
be sequentially scanned.

[0079] In the table 600, an LED line scan order corre-
sponding to a level of an input image signal may be an
orderthatdoes not cause aline flicker phenomenon when
at least one LED line is driven according to the order.
The LED line scan order corresponding to the level of
the input image signal may be determined based on an
external input. Alternatively, the LED line scan order cor-
responding to the level of the input image signal may be
self-determined by the LED display device.

[0080] FIG. 7 is a diagram of a structure of an LED
display device 70 including a plurality of LED modules
701 through 704, according to an embodiment.

[0081] The LED display device 70 may include the plu-
rality of LED modules 701 through 704 each including at
least one LED line. For example, as shown in FIG. 7, the
LED display device 70 may include four LED modules
701 through 704. Accordingly, the LED display device 70
may display an image at a resolution four times higher
than an LED display device including one LED module.
[0082] According to an embodiment, the LED display
device 70 may perform the above method in units of in-
dividual LED modules even though the LED display de-
vice 70 includes a plurality of LED modules. For example,
the LED display device 70 may perform the above meth-
od with respect to each of the LED modules 701 through
704. The LED display device 70 may prevent a line flicker
phenomenon in resolution corresponding to one LED
module.

[0083] The LED display device 70 may determine
whether line flicker will occur based on a level of an input
image signal, obtain an LED line scan order correspond-
ing to the level of the input image signal based on the
determining, and drive the LED module 701 based on
the obtained LED line scan order. The LED display device
70 may drive the LED modules 702 through 704 in the
same manner. At this time, the LED line scan order may
be an order for driving each of the LED modules 701
through 704.

[0084] For example, when the LED display device 70
performs the above method in units of individual LED
modules, the LED line scan order for driving the LED
module 701, the LED line scan order for driving the LED
module 702, the LED line scan order for driving the LED
module 703, and the LED line scan order for driving the
LED module 704 may each be determined. The LED line
scan orders may be the same or differentfrom each other.
[0085] As another example, when the LED display de-
vice 70 includes a plurality of LED modules, the LED
display device 70 may perform the above method in a
unit of all of the LED modules. For example, the LED
display device 70 may perform the above method with
respect to all of the first through fourth LED modules 701
through 704. In this case, the LED line scan order may
be an order for driving all of the first through fourth LED
modules 701 through 704. The LED display device 70
may prevent occurrence of a line flicker phenomenon in
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units of whole resolution, considering the whole resolu-
tion of all of the first through fourth LED modules 701
through 704.

[0086] For example, when the LED display device 70
performs the above method in a unit of all of the four LED
modules in FIG. 7, unlike a case when the above method
is performed in units of individual LED modules, only one
LED line scan order for driving the LED modules 701
through 704 may be determined.

[0087] As another example, the LED display device 70
may perform the above method in units of an arbitrary
number of LED modules. For example, the LED display
device 70 may perform the above method with respect
to the LED modules 701 and 703, and perform the above
method with respect to the LED modules 702 and 704.
In this case, the LED line scan order may be an order for
driving two LED modules. The LED display device 70
may prevent occurrence of a line flicker phenomenon in
units of a part of whole resolution, i.e., considering the
resolution of the two LED modules. A method of control-
ling, by an LED display device, a plurality of LED modules
may be variously determined, and is not limited to the
above examples.

[0088] FIG. 8 is a block diagram of a structure of the
LED display device 10, according to an embodiment.
[0089] Referring to FIG. 8, the LED display device 10
according to an embodiment may include the controller
100, the LED module 110, the memory 120, and the LED
driver 130.

[0090] The controller 100 may determine whether line
flicker will occur based on a level of an inputimage signal.
The level of the input image signal is a type of data input
to the Led display device 10 through the inputimage sig-
nal.

[0091] The determining of whether the line flicker will
occur means predicting in advance whether the line flick-
erwill occur or not. The controller 100 may pre-determine
whether line flicker will occur before displaying an image
corresponding to a frame of the input image signal on a
screen.

[0092] The controller 100 may determine that the line
flicker will occur when the level of the input image signal
is less than or equal to a pre-set value. Since a line flicker
phenomenon is highly likely to occur when a dark image
is displayed on the screen, the controller 100 may deter-
mine that the line flicker will occur when the level of the
input image signal is less than or equal to the pre-set
value.

[0093] According to an embodiment, the pre-set value
being a criterion for determining whether the line flicker
will occur may be determined based on an external input.
Alternatively, the pre-set value may be self-determined
by the LED display device 10 or may be a fixed value.
[0094] The controller 100 may obtain an LED line scan
order corresponding to the level of the inputimage signal
based on the determining. Since brightness of an image
displayed on the screen of the LED display device 10 is
determined by the input image signal according to the
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level of the input image signal, the controller 100 may
obtain the LED line scan order corresponding to the level
of the input image signal and the brightness based on
the determining. According to an embodiment, the con-
troller 100 may maintain a current LED line scan order
when it is determined that the line flicker will not occur,
and obtain a new LED line scan order when it is deter-
mined that the line flicker will occur.

[0095] The LED line scan order obtained when it is
determined that the line flicker will occur may be adjusted
differently from the LED line scan order obtained when
it is determined that the line flicker will not occur because
a change in the result of the determining means that the
level of the input image signal is changed, and the LED
line scan order corresponds to the level of the inputimage
signal.

[0096] The controller 100 may store a table including
information about LED line scan orders corresponding
to levels of input image signals. Alternatively, the con-
troller 100 may store a table including information about
LED line scan orders corresponding to levels of input
image signals and brightnesses. For example, the table
may include information about LED line scan orders cor-
responding to all levels of inputimage signals. As another
example, levels of input image signals may be divided
into certain ranges, and the table may include information
about LED line scan orders corresponding to the ranges.
The table may include the information about LED line
scan orders corresponding to levels of the input image
signals in any one of various manners, and such manners
are not limited to above examples.

[0097] Accordingto an embodiment, in the information
about LED line scan orders corresponding to levels of
input image signals, which is included in the table, an
LED line scan order corresponding to a level determined
to cause line flicker may be adjusted differently from an
LED line scan order corresponding to a level determined
to not to cause line flicker.

[0098] The controller 100 may obtain the LED line scan
order corresponding to the level of the inputimage signal
by using the stored table. Alternatively, the controller 100
may obtain the LED line scan order corresponding to the
level of the inputimage signal and the brightness by using
the stored table. The table may be stored in the memory
120 or in the controller 110 of the LED display device 10.
Also, the information about LED line scan orders corre-
sponding to levels of the input image signals may be
stored in a form other than the table.

[0099] The controller 100 may drive at least one LED
line based on the obtained LED line scan order. The con-
troller 100 may prevent occurrence of a line flicker phe-
nomenon in all levels of input image signals by driving at
least one LED line according to the obtained LED line
scan order corresponding to the level of the input image
signal.

[0100] The controller 100 may obtain, from the memory
120, data for controlling each of the at least one LED line
according to the LED line scan order. The controller 100
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may obtain, from the memory 120, the data for controlling
each of the at least one LED line so as to scan the at
least one LED line according to the obtained LED line
scan order.

[0101] The controller 100 may transmit the obtained
data to the LED driver 130. The LED driver 130 may drive
the at least one LED line according to the LED line scan
order corresponding to the received data. The LED driver
130 drive the at least one LED line according to the ob-
tained LED line scan order such that occurrence of a line
flicker phenomenon is prevented in all levels of input im-
age signals.

[0102] The controller 100 may perform the method de-
scribed above whenever aframe of the inputimage signal
is changed. The controller 100 may determine whether
the line flicker phenomenon will occur per frame and ad-
justan LED line scan order such that occurrence of a line
flicker phenomenon is prevented in all frames. According
to an embodiment, the LED line scan order of the LED
display device 10 may not be fixed in all frames, but may
be continuously adjusted per frame by the controller 100
so as to prevent occurrence of a line flicker phenomenon.
[0103] Alternatively, the controller 100 may perform
the method described above during a period where at
least one LED line does not operate between adjacent
frames of the inputimage signal. A frame is distinguished
by a frame-distinguishing signal, such as a vertical syn-
chronization signal, and an LED line may not operate
during a period of time when a next frame is prepared
after a frame-distinguishing signal is received. The con-
troller 100 may perform the above method during the
period so as to adverse effects that may be generated
by changing an LED line scan order while an LED line
operates.

[0104] Meanwhile, the controller 100 may perform the
method described above in units of one or more LED
modules when the LED display device 10 includes a plu-
rality of the LED modules 110. According to an embodi-
ment, the controller 100 may perform the above method
in units of individual LED modules even though the LED
display device 10 includes the plurality of LED modules
110. Accordingly, each LED module 110 may be driven
according to an LED line scan order adjusted such that
a line flicker phenomenon does not occur.

[0105] Asanotherexample,the controller 100 may per-
form the above method in units of all of the LED modules.
The controller 100 may drive all of the LED modules 110
according to an LED line scan order adjusted such that
a line flicker phenomenon does not occur. In this case,
the controller 100 may preventoccurrence of a line flicker
phenomenon in units of entire resolution of all of the LED
modules. As another example, the controller 100 may
perform the above method in units of an arbitrary number
of LED modules.

[0106] The LED module 110 may include at least one
LED line. Each LED line may include a plurality of LEDs.
Each LED may repeat quick flickering tens to hundreds
of times per second such that a screen is displayed.
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[0107] The LED module 110 may be driven in units of
LED lines by a signal from the controller 100. Also, the
LED module 110 may receive a signal from the LED driver
130 so as to control each of the LEDs included in each
LED line.

[0108] The memory 120 may store data for controlling
each of the at least one LED line included in the LED
module 110. Also, the memory 120 may transmit, to the
controller 100, the data for controlling each of the at least
one LED line according to the LED line scan order, via
control of the controller 100. Let's assume that there are
six LED lines and an LED line scan order is LineO, Line2,
Line4, Line1, Line3, and Line5. The memory 120 may
transmit, to the controller 100, data for controlling Line0,
data for controlling Line2, data for controlling Line4, data
for controlling Line1, data for controlling Line3, and data
for controlling Line5 in the stated order.

[0109] The LED driver 130 may drive the LED module
110 via control of the controller 100. The LED driver 130
may drive the atleast one LED line according to the LED
line scan order corresponding to the data received from
the controller 100. The LED driver 130 may drive the at
least one LED line according to the LED line scan order
so as to prevent occurrence of a line flicker phenomenon
in all levels of input image signals.

[0110] Meanwhile, the block diagrams of the LED dis-
play device 10 of FIGS. 1 and 8 are only embodiments,
and components in the block diagrams may be integrated
or omitted, or another component may be added accord-
ing to actually realized specifications of the LED display
device 10. In other words, two or more components may
be integrated as one component or one component may
be divided into two or more components as occasion de-
mands. Also, functions performed by each component
are only for describing embodiments, and detailed oper-
ations or devices do not limit the scope of the present
disclosure.

[0111] The methods described above may be recorded
on a computer readable recording medium by being re-
alized in computer programs executed by using various
computers. The computer readable recording medium
may include at least one of a program command, a data
file, and a data structure. The program commands re-
corded in the computer readable recording medium may
be specially designed or well known to one of ordinary
skill in the computer software field. Examples of the com-
puter readable recording medium include read-only
memory (ROM), random-access memory (RAM), CD-
ROMSs, magnetic tapes, floppy disks, optical data storage
devices, etc. Examples of the computer command in-
clude mechanical codes prepared by a compiler, and
high-level languages executable by a computer by using
an interpreter.

[0112] While one or more embodiments have been de-
scribed with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes
in form and details may be made therein without depart-
ing from the spirit and scope as defined by the following
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claims.

Claims

A light-emitting diode (LED) display device compris-
ing:

an LED module including at least one LED line;
an LED driver configured to drive the LED mod-
ule; and

a controller configured to determine whether a
line flicker will occur based on a level of an input
image signal, to obtain an LED line scan order
corresponding to the level of the input image sig-
nal and a brightness of an image displayable on
the LED display device according to the input
image signal, based on the determining, and to
control the LED driver to drive the LED module
based on the LED line scan order obtained.

The LED display device of claim 1, wherein the LED
line scan order that is obtained when the controller
is arranged to determine that the line flicker will occur
is different from the LED line scan order that is ob-
tained when the controller determines that the line
flicker will not occur.

The LED display device of claim 1 or 2, wherein the
controller is arranged to determine that the line flicker
will occur when the level of the inputimage signal is
less than or equal to a pre-set value.

The LED display device of claim 3, wherein the pre-
set value is determined based on an external input.

The LED display device of any one of claims 1 to 4,
further comprising:

a memory, and

wherein the controller is arranged to obtain, from
the memory, data to control the atleast one LED
line according to the LED line scan order, and
to transmit the obtained data to the LED driver.

The LED display device of any one of claims 1 to 5,
wherein the controller is arranged to obtain the LED
line scan order using a table comprising information
about a plurality of LED line scan orders, each LED
line scan order corresponding to each level of input
image signals and each brightness.

The LED display device of any one of claims 1 to 6,
wherein the controller is arranged to control the LED
driver based on the determining of whether the line
flicker will occur whenever a frame of the inputimage
signal is changed.
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10

8.

10.

1.

12.

13.

14.

15.

The LED display device of any one of claims 1 to 7,
wherein the controller is arranged to control the LED
driver based on the determining of whether the line
flicker will occur during a period where the LED mod-
ule does not operate between adjacent frames of the
input image signal.

The LED display device of any one of claims 1 to 8,
wherein the LED module is included among a plu-
rality of the LED modules, and the controller is ar-
ranged to control the LED driver based on the deter-
mining of whether the line flicker will occur in corre-
spondence to at least one LED module among the
plurality of the LED modules.

A method of operating a light-emitting diode (LED)
display device including an LED module having at
least one LED line, the method comprising:

determining whether a line flicker will occur,
based on a level of an input image signal;
obtaining an LED line scan order corresponding
tothe level of the input image signal and a bright-
ness of animage displayable on the LED display
device according to the input image signal,
based on the determining; and

driving the at least one LED line based on the
LED line scan order obtained.

The method of claim 10, wherein the LED line scan
order that is obtained when the determining deter-
mines that the line flicker will occur is different from
the LED line scan order that is obtained when the
determining determines that the line flicker will not
occur.

The method of claim 10 or 11, wherein the determin-
ing comprises determining that the line flicker will
occur when the level of the input image signal is less
than or equal to a pre-set value.

The method of any one of claims 10 to 12, wherein
the driving further comprises:

obtaining data to control the at least one LED
line according to the LED line scan order; and
transmitting the obtained data to an LED driver.

The method of claim 10, further comprising:

obtaining the LED line scan order using a table
comprising information about a plurality of LED
line scan orders, each LED line scan order cor-
responding to each level of input image signals
and each brightness.

A non-transitory computer-readable recording me-
dium having recorded thereon a program which,
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when executed by a computer, performs the method
of any one of claims 10 to 14.
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