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(57) Abstract: Provided is a display apparatus. The display apparatus may include a display comprising a plurality of light emitting
diode (LED) devices, a driver configured to drive the plurality of LED devices, and a controller configured to control the driver to
apply an image signal to each of a plurality of scan lines, and apply a first image signal to a first image frame period in a first scan
line among the plurality of scan lines and apply the first image signal to a second image frame period in a second scan line among
the plurality of scan lines.
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Description

Title of Invention: DISPLAY APPARATUS AND CONTROL

METHOD THEREOF
Technical Field

The disclosure is directed to a display apparatus and a control method thereof, and
more specifically, to a display apparatus scanning image signals on a scan line basis

and a control method thereof.

Background Art

Recently, light emitting diode (LED) display apparatuses have been implementing a
scan driving method for each scan line to be driven sequentially. Generally, LED
display apparatuses apply image signals from a scan line corresponding to a LED line
physically arranged at the uppermost end in the display apparatus for each image frame
using the top-to-bottom method as illustrated in FIG. 1.

However, since the time required until a scan line that first emits light in each image
frame may be relatively delayed compared to other scan lines, a dim phenomenon that
darkens the first light emitting scan line may occur.

Conventionally, since the line that first emits light per each image frame corresponds
to the LED line arranged at the uppermost end in the display apparatus, there is a dis-
advantage of the upper end part of the display screen appearing dark due to the dim

phenomenon accumulating on the corresponding scan line.
Disclosure of Invention

Technical Problem

Embodiments of the disclosure provide a display apparatus that reduces a dim
phenomenon by having different scan lines in each image frame to first emit light and
a control method thereof.
Solution to Problem

According to an embodiment, there is provided a display apparatus including a
display comprising a plurality of light emitting diode (LED) devices; a driver
configured to drive the plurality of LED devices; and a controller configured to control
the driver to apply an image signal to each of a plurality of scan lines, and apply a first
image signal to a first image frame period in a first scan line among the plurality of
scan lines and apply the first image signal to a second image frame period in a second
scan line among the plurality of scan lines.

The controller is further configured to control the driver to apply the first image
signal to the first scan line in a first sub-period of the first image frame period and

apply the first image signal to the first scan line in a second sub-period of the first
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image frame period, and control the driver to apply the first image signal to the second
scan line in a first sub-period of the second image frame period and apply the first
image signal to the second scan line in a second sub-period of the second image frame
period.

The controller is further configured to apply a final image signal among a plurality of
image signals to each sub-period of the second image frame period in the first scan
line.

The second scan line is a scan line immediately below the first scan line.

The second scan line is a scan line after a predetermined line interval from the first
scan line.

The first scan line includes a plurality of sections, and a first section among the
plurality of section is included in the first image frame period and a second section
among the plurality of sections is included in the second image frame period.

The second image frame period is a frame period after a predetermined frame period
interval from the first image frame period.

The controller is further configured to adjust the predetermined frame interval based
on a brightness information of the first image frame.

The controller is further configured to, based on a third image signal being finally
applied to a last one of a plurality of frame periods in a third scan line, apply a fourth
image signal to the second image frame period of the second scan line adjacent to the
third scan line.

The plurality of LED devices is a micro LED device.

According to another embodiment, there is provided a control method of a display
apparatus applying an image signal to a plurality of scan lines, by a driver driving a
plurality of light emitting diode (LED) devices in a passive matrix (PM) method. The
method including applying a first image signal to a first image frame period in a first
scan line; and applying a second image signal to a second image frame period in a
second scan line.

The applying the first image signal to the first scan line further includes applying the
first image signal to a first sub-period of the first image frame period in the first scan
line and applying the first image signal to a second sub-period of the first image frame
period in the first scan line, and the applying the second image signal to the second
scan line further includes applying the second image signal to a first sub-period of the
second image frame period in the second scan line and applying the second image
signal to a second sub-period of the second image frame period in the second scan line.

The method further includes applying a final image signal among a plurality of
image signals to each sub-period of the second image frame period in the first scan

line.
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The second scan line is a scan line immediately below the first scan line.
The second scan line is a scan line after a predetermined line interval from the first

scan line.

The first scan line includes a plurality of sections, and a first section among the
plurality of sections in the first scan line is included in the first image frame period and
a second section among the plurality of sections is included in the second image frame
period.

The second image frame period is a frame period after a predetermined frame period
interval from the first image frame period.

The method further includes adjusting the predetermined frame interval based on a
brightness information of the first image frame.

The method further includes, based on a third image signal being finally applied to a
last one of a plurality of frame periods in a third scan line, applying a fourth image
signal to the second image frame period of the second scan line adjacent to the third
scan line.

The plurality of LED devices is a micro LED device.

Advantageous Effects of Invention

According to the various embodiments described above, the scan line that first emits
light is dispersed to reduce the dim phenomenon of the first scan line, and the display
image quality may be improved accordingly.

Brief Description of Drawings

The above and other aspects, features and advantages of embodiments of the present
disclosure will be more apparent from the following detailed description, taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating a conventional scheme of displaying an image;

FIG. 2 is a block diagram illustrating a display apparatus according to an em-
bodiment;

FIG. 3 is a diagram illustrating a configuration of a display system according to an
embodiment;

FIG. 4 is a diagram illustrating an example of a scan line applied with image signals
for a first time in each image frame according to an embodiment;

FIG. 5 is a diagram illustrating an example of a second image frame after a prede-
termined frame interval from displaying a first image frame according to an em-
bodiment;

FIG. 6 is a diagram illustrating a second scan line, which is a line after a prede-

termined line interval from a first scan line according to an embodiment;
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FIG. 7 is a diagram illustrating an operation for determining a second scan line based

on a final image signal of each image frame according to an embodiment; and
FIG. 8 is a flow chart for describing a control method of a display apparatus

according to an embodiment.

Best Mode for Carrying out the Invention

Mode for the Invention

The disclosure will be explained in detail below with reference to the accompanying
drawings.

The terms used in the disclosure will be briefly described.

The terms used in herein have been selected from general terms currently and widely
used in consideration of the functions in the various embodiments of the disclosure, but
may be changed according to the intention of those skilled in the related art, judicial
precedence, emergence of new technologies, and the like. The disclosure may use ar-
bitrarily selected terms, and the meanings thereof will be described in detail in the
disclosure. Accordingly, terms used in the disclosure are not to be simply understood
by the names, but may be understood based on the meaning of the term and the context
throughout the disclosure.

Various modifications may be made to the embodiments of the disclosure, and there
may be various types of embodiments. Accordingly, specific embodiments will be il-
lustrated in the accompanying drawings, and the embodiments will be described in
detail in the detailed description. However, it should be noted that the various em-
bodiments are not intended to limit the scope of the disclosure to a specific em-
bodiment, but should be interpreted to include all modifications, equivalents or al-
ternatives of the embodiments included in the ideas and the technical scope of the
disclosure as set forth herein. In case it is determined that the detailed description of
known technologies may unnecessarily confuse the gist of the disclosure in describing
embodiments, the detailed description may be omitted.

A singular expression may include a plural expression, unless indicated otherwise. It
is to be understood that the terms such as “comprise” or “consist of”” are used herein to
designate a presence of a characteristic, number, step, operation, element, component,
or a combination thereof, and not to preclude a presence or a possibility of adding one
or more of other characteristics, numbers, steps, operations, elements, components or a
combination thereof.

The expression “at least one of A and/or B” may be understood as at least one “A” or

at least one “B”, “A” or “B”, at least one “A” and at least one “B”’, and “A” and “B”.
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The terms such as “first” or “second” used in the disclosure may be used to identify
various elements regardless of order and/or importance, and may be used to dif-
ferentiate one element from another but the relevant elements should not be limited
thereto.

When an element (e.g., first element) being indicated as being “coupled (operatively
or communicatively) to” or “connected to” another element (e.g., second element), it is
to be understood that a certain element may be directly coupled to another element or
may be coupled through another element (e.g., third element).

The “module” or “unit” referred herein may perform at least one function or
operation, and may be implemented as a hardware or a software, or a combination of
hardware and software. Further, except for when a plurality of “modules” or “units”
need to be implemented in a particular hardware, the components may be integrated in
at least one module and implemented as at least one processor. In the disclosure, the
term “user” may refer to a person using an electronic apparatus (or, display apparatus)
or an apparatus (e.g., electronic apparatus with artificial intelligence) using an
electronic apparatus.

Embodiments of the disclosure will be described in detail below with reference to the
accompanying drawings to aid in the understanding of those of ordinary skill in the art.
However, the disclosure may be implemented in various different forms and is not
limited to the embodiments described herein. Further, in the drawings, parts not
relevant to the description may be omitted, and like reference numerals may be used to
indicate like elements.

FIG. 2 is a block diagram illustrating a display apparatus according to an em-
bodiment.

As illustrated in FIG. 2, the display apparatus according to an embodiment may
include a plurality of self-luminescent devices. The self-luminescent devices may be at
least one of a light emitting diode (LED) or a micro LED.

According to an embodiment, the display apparatus 100 may be implemented as a
single-panel (for example, a small format display such as a smartphone and a home
TV), but in another embodiment, the display apparatus may be implemented in the
form of a plurality of display modules being physically coupled (for example, a large
format display such as an outdoor signage and electronic display boards).

For example, the display module may be implemented as a LED module with each of
a plurality of pixels being implemented as a light emitting diode (LED) pixel, or as a
LED cabinet coupled with a plurality of LED modules, but is not limited thereto. The
display apparatus 100 may be implemented as a display using a liquid crystal display
(LCD), an organic light-emitting diode (OLED), a passive-matrix OLED (PMOLED),
a plasma display panel (PDP), a micro LED, a quantum dot (QD), and the like.
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The display apparatus 100 may be driven according to a passive matrix (PM) driving
method. The passive matrix (PM) driving method is a method of sequentially applying
current or voltage to an electrode of a scan line in a horizontal direction and an
electrode of a data line in a vertical direction. Based on the PM driving method, a
signal may be transmitted sequentially to each scan line. For example, a signal may be
transmitted to scan line 1, and a signal may then be transmitted to scan line 2, which is
the following line. In addition, based on whether a signal is transmitted from the data
line, an LED device for turning-on or turning-off may be determined. Based on a
voltage difference between the horizontal direction electrode and the vertical direction
electrode according to the PM driving method, the corresponding LED device may be
turned-on. Conversely, the corresponding LED device may be turned-off if there is no
voltage difference. Unlike the PM driving method, an active matrix (AM) driving
method may include a thin film transistor (TFT) that acts as a switch and a storage
capacitor. Accordingly, the AM driving method may be maintained for one frame
without the previously turned-on LED device being turned-off even when the next scan
line is selected.

The method driving the LED device according to various embodiments described
below is based on the passive matrix (PM) driving method.

The display apparatus 100 may turn on red (R), green (G), blue (B) elements, which
are sub pixels of the LED device arranged on each scan line by applying an image
signal on a scan line basis. However, as illustrated in FIG. 1, if an image signal is
applied to a scan line (e.g., scan line 1) corresponding to the LED line of the
uppermost end for each image frame, a dim phenomenon at scan line 1 may be ac-
cumulated and the upper end part of the display screen may appear dark.

Accordingly, various embodiments for reducing accumulation of dim phenomenon
by having different scan lines to first emit light in each image frame will be described
herein.

Referring to FIG. 2, the display apparatus 100 may include a display 110, a driver
120, and a controller 130.

The display 110 may include a plurality of LED devices. As described above, the
display 110 may be implemented as a single panel display or a modular display.

The LED device may be implemented as a RGB LED, and the RGB LED may
include a red LED (R), a green LED (G), and a blue LED (B). Further, the LED device
may further include a white LED in addition to the RGB LED.

According to an embodiment, the LED device may be implemented as a micro LED.
The micro LED may be an LED of about 5 to 100 micrometer in size, and includes an
ultra-small light emitting diode that emits light on its own without a color filter.

The driver 120 may drive the display 110. For example, the driver 120 may drive
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each LED pixel by applying driving voltage or driving current in order to drive each
self-luminescent device (for example, an LED pixel) constituting the display 110 under
the control of the controller 130. The driver 120 may drive the LED device by the PM
method. The driver 120 may control the LED device by sequentially applying voltage
or current to a plurality of electrodes of the scan lines in the horizontal direction and a
plurality of electrodes of the data lines in the vertical direction.

According to an embodiment, based on the display 110 being implemented in a form
including the plurality of LED modules, the driver 120 may include the LED driving
module coupled to each of the plurality of LED modules, but is not limited thereto.
The driver 120 may be implemented as a driving module that controls the plurality of
LED modules. The LED driving module may display an image corresponding to an
image data on the display screen by transmitting the image data received from the
controller 130 to the plurality of scan lines coupled to each LED driving module.

The driver 120 may adjust and output a supply time or strength of the driving current
supplied to the LED module to correspond to the image signal to be input.

Specifically, the LED driving module may sequentially scan the image signal
received from the controller 130 on each scan line and may control the LED module to
output the image data.

The display 110 may include the plurality of display modules. For example, based on
four display modules being coupled and being configured as one screen, four images
corresponding to each display module may be simultaneously output four images as
one image to display 110. Here, the driving module that corresponds to each display
module may simultaneously scan the image signal on the scan line by the control of the
controller 130. For example, the timing of the image signal being scanned on a first
scan line of a first display module and the first scan line of the second display module
may be the same. Accordingly, the user may recognize the overall image with a
plurality of partial images combined as one image.

The driver 120 may include a power supply unit to provide power supply. The power
supply unit may be a hardware that provides power appropriately to each system by
converting an alternating current (AC) to a direct current (DC) to be stably used in the
display 110. The power supply unit may include an input electromagnetic interference
(EMI) filterer, an alternating-direct rectifier, a direct-direct switching converter, an
output filter and an outputter.

The power supply unit may be implemented as, for example, a switched mode power
supply (SMPS). The SMPS may be capable of high efficiency, miniaturization, and
weight-lightening as a direct stabilization power supply apparatus that stabilizes output
by controlling an on-off time ratio of a semiconductor switch device, and may be used
to drive the display 110.
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The controller 130 may control the overall operation on signal processing of the
display apparatus 100. According to an embodiment, the controller 130 may be im-
plemented as a time controller (TCON) that transmits an image signal to the driver
120. In some cases, the controller may be arranged outside of the display apparatus
100.

The controller 130 may control the driver 120 for the display 110 to display an image
frame by applying an image signal on a scan line basis. The scan line may be coupled
to the driver 120 and may refer to a line on which an image signal is scanned as
voltage or current is applied from the driver 120, and a plurality of scan lines may be
coupled to a driver 120. A plurality of LED devices may be included in a scan line and
each of the red (R), green (G) and blue (B) sub pixels of the LED device included in
the corresponding scan line may be turned on or off according to the image signal.

Referring to FIG. 4, based on an n-number of scan lines being coupled to a driver
120, one or more image signals may be input from the first scan line to the n-th scan
line sequentially. A period of the one or more image signals being input from the first
scan line to the n-th scan line may be referred to as a sub-period, and a frame may be
generated by repeating the sub-period multiple times. For example, based on the
frequency of the image signal being 60 hz, a frame may be formed by repeating the
sub-period 60 times. The sub-period may be referred to as a sub-cycle, a sub-frame, a
sub-stage, and the like, but will be collectively referred to as sub-period herein for the
convenience of description.

The controller 130 may control the driver 120 to apply, at a first time, the image
signal to the first scan line in the first image frame period. That is, the controller 130
may apply the first image signal in the first image frame period to the first scan line
among the plurality of scan lines coupled to the driver 120. The controller 130 may
then apply a second image signal in the first image frame period to the next line (or
section) of the first scan line, and may sequentially apply an n-number of image signals
to the n-th scan line by repeating this operation.

The controller 130 may control the driver 120 to apply, at a first time, the image
signal corresponding to the second scan line in the second image frame period. That is,
the controller 130 may apply the first image signal in the second image frame period to
the second scan line among the plurality of scan lines coupled to the driver 120. The
controller 130 may then apply the second image signal in the second image {rame
period to the next line (or section) of the second scan line, and may sequentially apply
an n-number of image signals to the n-th scan line by repeating this operation.

In other words, the controller 130 may control the driver 120 for the scan line applied
with an image signal for a first time for each image frame to be different. The above

will be described in greater detail in FIG. 4.
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FIG. 4 is a diagram illustrating an example of a scan line applied with image signals
for a first time in each image frame according to an embodiment.

Referring to FIG. 4, the controller 130 may apply, at a first time, an image signal 410
to scan line 1 (first scan line) in frame 1 (first image frame) period. The controller 130
may then apply, at the first time, an image signal 420 to scan line 2 (second scan line)
in frame 2 (second image frame) period. Likewise, the controller 130 may apply, at the
first time, an image signal 430 corresponding to scan line 3 in frame 3 period.

That is, the controller 130 may control the driver 120 to apply a plurality of different
image signals to the plurality of scan lines for each image frame. Accordingly, the ac-
cumulation of dim phenomenon on a specific scan line may be reduced.

The controller 130 may apply for the first time the image signal corresponding the
first scan line in the first sub-period of the first image frame period, and may apply for
the first time the image signal corresponding to the first scan line in the second sub-
period. Specifically, referring to FIG. 4, based on the image signal 410 corresponding
to scan line 1 (first scan line) in the first sub-period (sub-period-1) of the first image
frame period being applied for the first time, the controller 130 may apply for the first
time the image signal 410-1 corresponding to scan line 1 in the second sub-period
(sub-period-2).

In addition, the controller 130 may apply, for the first time, a second image signal to
the second scan line in the first sub-period of the second image frame period, and may
apply, for the first time, the image signal corresponding to the second scan line in the
second sub-period. Specifically, referring to FIG. 4, based on the image signal 420
being input to scan line 2 (second scan line) in the first sub-period (sub-period-1) of
the second image frame period, the controller 130 may apply for the first time the
image signal 420-1 to scan line 2 in the second sub-period (sub-period-2).

That is, the image signal applied for the first time in each of the plurality of sub-
periods included in an image frame may be the same.

The controller may apply for a final time the image signal to the first scan line of the
second image frame period. Specifically, referring to FIG. 4, based on the image signal
420 to scan line 2 (second scan line) of the second image frame period being applied
for the first time, the controller 130 may apply for the final time the image signal 425
corresponding to scan line 1 (first scan line). Based on the image signal being se-
quentially applied from scan line 2 of the second image frame period, the controller
130 may finally apply the image signal 425 to scan line 1 after the image signal is
applied to scan line n.

In addition, the controller 130 may finally apply the image signal corresponding to
the first scan line in each sub-period of the second image frame period. Specifically,

based on the image signal 420-1 corresponding to scan line 2 (second scan line) in the
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second sub-period (sub-period-2) of the second image frame period being applied for
the first time, the controller 130 may finally apply the image signal 425-1 corre-
sponding to scan line 1 (first scan line) and may repeat the above-described operation
even in remaining sub-periods of the second image frame period.

That is, the scan line with the image signal applied for the final time in each of the
plurality of sub-periods included in an image frame may be the same.

Referring to FIG. 4, the second scan line may be the line immediately following the
first scan line. That is, the controller 130 may sequentially adjust the scan line that
applies the image signal for the first time for each image frame. For example, based on
the first image signal being applied to scan line 1 in frame 1 period, the first image
signal may be applied to scan line 2, which is the line immediately following scan line
I in frame 2 period. In addition, the first image signal may be applied to scan line 3,
which is the line immediately flowing scan line 2 in frame 3 period.

However, the above is not limited thereto, and the second scan line may be the line
after a predetermined line interval based on the first scan line or may be an arbitrary
line different from the first scan line of the plurality of scan lines included in the
second image frame.

Referring to FIG. 4, the number of scan lines and the number of image frames may
all be identically designated as “n-number”, but this is merely an example, and may be
realized in different numbers. In addition, the number of sub-periods may be de-
termined based on a grayscale value of an image. For example, based on a higher
grayscale value (e.g., Gray 255), the number of sub-periods may increase, and based
on a lower grayscale value (e.g., Gray 10), the number of sub-periods may decrease.
Further, based on the grayscale being a lower grayscale value, the power or current
may not be provided to all scan lines in at least one of the plurality of sub-periods may
be included.

Referring to FIG. 4, the second image frame may be the frame following a prede-
termined frame interval the first image frame. For example, the second image frame
(frame 2) may be the frame immediately following the first image frame (frame 1).

The above embodiments will be described in greater detail in FIG. 5.

FIG. 5 is a diagram illustrating an example of a second image frame after a prede-
termined frame interval based on a first image frame according to an embodiment.

In FIG. 5, a predetermined frame interval may be one frame. Referring to FIG. 5, the
controller 130 may apply for the first time an image signal 510 corresponding to scan
line 1 (first scan line) in frame 1 (first image frame) period. In addition, the controller
may apply for the first time an image signal 520 corresponding to scan line 1 (first scan
line) in frame 2 ( second image frame) period.

The controller 130 may then apply for the first time an image signal 530 to scan line
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2 (second scan line) in frame 3 (third image frame) period. Further, the controller 130
may apply for the first time an image signal 540 to scan line 2 (second scan line) in
frame 4 (fourth image frame) period.

That is, based on the predetermined frame interval being one frame, the image signal
may be applied for the first time to scan line 1 in frame 1 and frame 2, and the image
signal may be applied for the first time to scan line 2 in frame 3 and frame 4.

Referring back to FIG. 2, the controller 130 may, based on brightness information of
the first image frame, adjust the predetermined frame interval. Generally, based on the
displayed image frame being in a low grayscale state, a dim phenomenon of a part of
the display screen appearing dark may be easily recognized by a user. Accordingly, the
controller 130 may, based on brightness information of a past image frame, adjust the
predetermined frame interval.

For example, the controller 130 may, based on the brightness value of the first image
frame being less than a first threshold value, adjust the predetermined frame interval to
0 frame, and may change the scan line with the image signal being applied for the first
time for each image frame. Accordingly, the user may not recognize the dim
phenomenon even when the displayed image frame is in a low grayscale state.

In addition, the controller 130 may, based on a brightness value of the first image
frame being a first threshold value or more and being less than a second threshold
value, adjust the predetermined frame interval to one frame to change the scan line
with the image signal being applied for the first time for every two image frames. In
addition, the controller 130 may, based on the brightness value of the first image frame
being a second threshold value or more, adjust the predetermined frame interval to two
frames to change the scan line with the image signal applied for the first time for every
three image frames. However, the number of threshold values, the threshold value
periods and the number of predetermined frame intervals are merely an example, and
may be applied with various modifications.

According to an embodiment, the second scan line may be a line after the prede-
termined line interval based on the first scan line. The above embodiment will be
described in greater detail in FIG. 6.

FIG. 6 is a diagram illustrating a second scan line, which is a line after a prede-
termined line interval based on a first scan line according to an embodiment.

According to FIG. 6, the predetermined line interval may be one. That is, a scan line
after a first scan line is a second scan line. However, the predetermined line interval
may be set differently. For example, when the predetermined line interval is two, then
a scan line after the first scan line is a third scan line.

For example, here, the predetermined line interval is set as 2 and the frame interval is

set as 1. Based on an image signal 610 corresponding to scan line 1 (first scan line) of
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frame 1 (first image frame) period being applied for the first time, the controller 130
may apply for the first time an image signal 620 corresponding to scan line 3 (second
scan line) of frame 2 (second image frame) period. The controller 130 may then apply
for the first time an image signal 630 corresponding to scan line 5 of frame 3 period.
That is, as illustrated in FIG. 6, the controller 130 may apply a first image signal se-
quentially to odd number scan lines (for example, scan line 1, scan line 3, scan line 5
and etc.) in each of the plurality of image frames. However, the above embodiment is
not limited thereto, and the first image signal may be applied sequentially to even
number scan lines (for example, scan line 2, scan line 4, scan line 6 and etc.) in each of
the plurality of images frames.

According to another embodiment, the second scan line may be an arbitrary line
different from the first scan line of the plurality of scan lines included in the second
image frame.

For example, the controller 130 may apply for the first time the image signal corre-
sponding to scan line 1 (first scan line) in frame 1 (first image frame) period, and may
apply for the first time the image signal corresponding to scan line 4 (second scan line)
different from scan line 1 in frame 2 (second image frame) period. The controller 130
may then apply for the first time the image signal corresponding to scan line 6 in frame
3 period.

The controller 130 may, based on the image signal corresponding to the third scan
line in a previous frame period of the second image frame being finally applied, apply
for the first time a signal corresponding to the second scan line adjacent to the third
scan line in the second image frame period. The above will be described in greater
detail in FIG. 7.

FIG. 7 is a diagram illustrating an operation for determining a second scan line based
on a final image signal of each image frame according to an embodiment.

For example, in FIG. 7, a driver 120 being coupled to five scan lines may be
assumed.

The scan line applied with an image signal 710 for a final time in frame 1 period
which is the previous frame of frame 2 (second image frame) may be scan line 5 (third
scan line). In this case, the controller 130 may identify the scan line adjacent to scan
line 5 (third scan line) as scan line 4 (second scan line). The controller 130 may apply
for the first time an image signal 720 corresponding to scan line 4 (second scan line) in
frame 2 (second image frame) period.

In addition, when an image signal 725 is applied to the scan line 3 in frame 2 period
as a final image signal, the controller may apply an image signal 730 to scan line 2
adjacent to scan line 3 in frame 3 period as a first image signal in the frame 3 period.

Based on identifying the scan line finally applied with the image signal in the
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previous frame period and applying for the first time the image signal to the scan line
adjacent to the identified scan line in the current frame period, a small current different
between image frame may be reduced and the user may not recognize the dim
phenomenon.

Although, only the image signal being applied for the first time to the scan line
adjacent to the scan line finally applied with the image signal in the previous frame
period has been described, the image signal may also identify the finally applied scan
line in the previous frame period and apply for the first time an image signal to the
identified scan line in the current frame period. For example, in FIG. 7, the scan line
with the image signal applied for the first time in frame 2 period may be scan line 5.

The above-described plurality of LED devices may be a micro LED device.

The embodiment for adjusting the scan line being applied for the first time based on
an image frame has been described. Furthermore, the scan line applied for the first time
may be adjusted based on a sub-period basis. Specifically, the controller 130 may
apply for the first time the image signal to the first scan line in the first sub-period of
the first image frame period and may apply for the first time the image signal to the
second scan line in the second sub-period. In the above-description, the scan line being
applied for the first time in a sub-period basis has been described as being sequentially
changed, but this is merely one example, and may be changed to various forms based
on the first applied scan line in the previous sub-period being different from the first
applied scan line in the current sub-period.

The controller 130 has been described as applying for the first time the image signal
to scan line 1, which is the scan line corresponding to the LED line arranged at the
uppermost end in the display apparatus, in the first image frame, but is not limited
thereto.

The controller 130 may be an apparatus implemented as a time controller (TCON)
that receives image information and transmits the corresponding image signal to the
driver 120, but the controller 130 may be implemented as a controller in the driver 120
that controls an operation or timing of scanning the image signal to each scan line
according to another embodiment.

FIG. 3 is a diagram illustrating a configuration of a display system.

The display system 1000 may include a display apparatus 100 and an image
processing apparatus 200.

Here, it is assumed that the display apparatus 100 is implemented as a plurality of
display modules including a plurality of display modules 110, a driver 120 that drives
the plurality of display modules 110, and a plurality of controllers 130. That is, the
display apparatus 100 of FIG. 3 may be a modular display apparatus coupled with a
plurality of cabinets. A detailed description of parts overlapping with the config-
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urations illustrated in FIG. 2 from the configurations illustrated in FIG. 3 will be
omitted.

The controller 130 may, based on the input signal, obtain an image signal corre-
sponding to the display 110. The input signal may be a signal on input image in-
formation. For example, based on the display apparatus 100 being implemented as a
cabinet coupled with a plurality of LED modules, the input signal may be received
from the processor 230 included in an external source box apparatus. Further, based on
the display apparatus 100 being implemented as a TV of a signal display module, the
input signal may be received from the processor (not shown), that is, a main central
processing unit (CPU).

The controller 130 may control the driver 120 to apply a driving voltage or driving
current to drive each LED pixel constituting the display 110.

In addition, the image signal may be a signal including a clock signal or a data signal.
That is, the controller 130 may obtain the clock signal and the data signal corre-
sponding to each of the plurality of LED modules based on the input signal.

The clock signal may be a signal on time information controlling a timing for
displaying an image corresponding to the data signal, and may be output in a square
waveform. The data signal may be a signal including data on the image to be displayed
in the display apparatus 100. For example, a pixel value, brightness information and
the like may be included in the data signal.

The controller 130 may control each of the plurality of LED modules based on the
obtained plurality of images signals.

The controller 130 may transmit the clock signal and the data to the driving module
of each of the plurality of LED modules. Specifically, the controller 130 may transmit
the clock signal to each of the plurality of LED modules through a clock signal
transmission wire, and may transmit the data signal to each of the plurality of LED
modules through a data transmission wire. That is, the controller 130 may transmit the
clock signal and the data signal to the plurality of LED modules through separate
wires.

However, the above embodiment is not limited thereto, and methods such as a clock
embedding method of transmitting the clock signal and the data signal together in one
transmission wire or a method of not requiring a clock signal transmission wire by only
encoding and transmitting the data signal and obtaining the clock signal from the
encoded data may be applied.

The display apparatus 100 may further include a memory. The memory may store in-
formation on the scan line applied for the first time with the image signal in each
image frame, time, and the like.

The image processing apparatus 200 may include an interface 210, a storage 220, and
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a processor 230. The image processing apparatus 200 may be may be implemented as a
sending box, a control box, a set top box and the like that processes the input image
signal and provides to the display apparatus 100.

The interface 210 may be coupled with the display apparatus 100. Specifically, the
interface 210 may be coupled with the display apparatus 100 through a cable coupled
to a port. The cable may be a high definition multimedia interface (HDMI) cable.
However, this is merely one example, and the cable may be a digital visual interface
(DVI) cable, a low voltage differential signals (LVDS) cable, or an optical cable.

In addition, the interface 210 may be connected to the display apparatus 100 through
wireless communication. The interface 210 may include a Wi-Fi chip, a Bluetooth
chip, a wireless communication chip, or the like.

The storage 220 may store various data required in the operation of the image
processing apparatus 200. Specifically, the storage 220 may store image data received
from the input apparatus. The input apparatus may be a server, a set top box, a USB
storage, a PC, a smartphone, and the like.

The storage 220 may be implemented as a non-volatile memory, a volatile memory, a
hard disk drive (HDD) or a solid state drive (SSD), a memory card mounted to the
image processing apparatus 200 (for example, a micro SD card, a USB memory, etc.),
an external memory capable of connecting to an external input port (for example, USB
memory, etc.), and the like.

The processor 230 may control the overall operation of the video image processing
apparatus 200.

The processor 230 may include at least one or more of a central processing
unit(CPU), a controller, an application processor (AP), a communication processor
(CP), or an ARM processor.

In addition, the processor 230 may include a graphic processor (graphic processing
unit) for processing graphic corresponding to an image. The processor 230 may be im-
plemented as a System on Chip (SoC) including a core and a GPU. The processor 230
may include a single core, a dual core, a triple core, a quad core, and multiple cores
thereof.

The processor 230 according to an embodiment may transmit an input image from
the input apparatus to the display apparatus 100 through the interface 210. Specifically,
the processor 230 may process the input image to obtain a signal corresponding to each
of the plurality of display modules 110 and provide the obtained signal to the controller
130. The controller 130 may then display the image corresponding to the signal on the
display screen by controlling the plurality of display modules 110 and the driver 120.

The image processing apparatus 200 has been described as a separate apparatus from

the display apparatus 100, but the image processing apparatus 200 may be im-
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plemented as one apparatus included in the display apparatus 100. That is, the
processor 230 may be included in the display apparatus 100 and implemented as one
apparatus.

FIG. 8 is a flow chart for describing a control method of a display apparatus
according to an embodiment.

The display apparatus 100 may be an apparatus that applies the image signal on a
scan line basis to the driver driving the plurality of LED devices in the PM method.

The display apparatus 100 may apply for the first time the image signal corre-
sponding to the first scan line in the first image frame period (S810).

Specifically, the display apparatus 100 may apply for the first time the image signal
corresponding to the first scan line in the first sub-period of the first image frame
period and apply for the first time the image signal corresponding to the first scan line
in the second sub-period.

The display apparatus 100 may apply for the first time the image signal corre-
sponding to the second scan line in the second image frame period (S820).

Specifically, the display apparatus 100 may apply for the first time the image signal
corresponding to the second scan line in the first sub-period of the second image frame
period, and apply for the first time the image signal corresponding to the second scan
line in the second sub-period.

The second scan line may be a line immediately following the first scan line. Further,
the second scan line may be a line after the predetermined line interval based on the
first scan line. Further, the second scan line may be an arbitrary line different from the
first scan line among the plurality of scan lines included in the second image frame.

According to another embodiment, the display apparatus 100 may, based on the
image signal to the third scan line in the previous frame period of the second image
frame being finally applied, apply for the first time a signal to the second scan line
adjacent to the third scan line in the second image frame period.

In addition, the second frame may be a frame following the predetermined frame
interval based on the frame following the first image frame.

In addition, the display apparatus 100 may apply for the final time the image signal
corresponding to the first scan line in each sub-period of the second image frame
period. The display apparatus 100 may adjust the predetermined frame interval based
on the brightness information of the first image frame.

The plurality of LED devices may be micro LED devices.

The detailed operation of each step has been described above and a detailed de-
scription thereof will be omitted.

According to the various embodiments described above, the scan line that first emits

light is dispersed to reduce the dim phenomenon of the first scan line, and the display
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image quality may be improved accordingly.

The methods according to the various embodiments may be implemented in an ap-
plication form installable in existing electronic apparatuses (display apparatus).

In addition, the methods according to the various embodiments described above may
be implemented as a software upgrade or a hardware upgrade on a conventional
display apparatus.

In addition, the various embodiments described above may be performed through an
embedded server provided on the electronic apparatus or through at least one external
server of the electronic apparatus.

According to an embodiment of the disclosure, the various embodiments described
above may be implemented with software including instructions stored in the storage
medium readable by a machine (e.g., computer). The machine, as an apparatus capable
of calling the stored instructions from the storage media and operating according to the
called instructions, may include an electronic apparatus according to the disclosed em-
bodiments. Based on instructions being executed by the processor, the processor may
directly, or using other elements under the control of the processor may perform
functions corresponding to the instructions. The instructions may include a code
generated by a compiler or a code executable by an interpreter. The machine-readable
storage media may be provided in the form of a non-transitory storage media. Here, the
‘non-transitory’ storage medium is tangible and does not include a signal, and does not
distinguish that data is permanently or temporarily stored in the storage medium.

In addition, according to an embodiment of the disclosure, the method according to
various embodiments described above may be provided in a computer program
product. A computer program product may be exchanged between a seller and a
purchaser as a commodity. A computer program product may be distributed in the
form of a machine-readable storage medium (e.g., compact disc read only memory
(CD-ROM)) or distributed online through an application store (e.g., PlayStore™). In
the case of online distribution, at least a portion of the computer program product may
be stored temporarily or at least temporarily in a storage medium such as a manu-
facturer’s server, a server of an application store, or a memory of a relay server.

In addition, according to an embodiment of the disclosure, the various embodiments
described herein may be implemented in a computer or a recordable medium capable
of reading with a similar apparatus using a software, a hardware, or a combination
thereof. In some cases, embodiments described herein may be implemented by the
processor itself. According to a software implementation, embodiments such as the
procedures and functions described herein may be implemented as separate software
modules. Each of the software modules may perform one or more of the functions and

operations described herein.
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The computer instructions for performing machine processing operations according
to the various embodiments described above may be stored in a non-transitory
computer-readable medium. The computer instructions stored in this non-transitory
computer-readable medium cause a specific device to perform the processing op-
erations of a device according to the various embodiments described above when
executed by the processor of a specific device.

The non-transitory computer readable medium may include a compact disc (CD), a
digital versatile disc (DVD), a hard disc, a Blu-ray disc, a universal serial bus (USB), a
memory card, a read only memory (ROM), and the like.

In addition, each of the elements (e.g., a module or a program) according to the
various embodiments described above may be composed of a single entity or a
plurality of entities, and some sub-elements of the above-mentioned sub-elements may
be omitted or other sub-elements may be further included in various embodiments. Al-
ternatively or additionally, some elements (e.g., modules or programs) may be in-
tegrated into one entity to perform the same or similar functions performed by each re-
spective element prior to integration. Operations performed by a module, a program, or
other elements, in accordance with various embodiments, may be performed se-
quentially, in a parallel, repetitive, or heuristically manner, or at least some operations
may be performed in a different order, omitted, or may add a different operation.

While the disclosure has been illustrated and described with reference to various em-
bodiments, the disclosure is not limited to the specific embodiments described herein.
It will be understood by those skilled in the art that various changes in form and details

may be made without departing from the spirit and scope of the disclosure.
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Claims
A display apparatus comprising:
a display comprising a plurality of light emitting diode (LED) devices;
a driver configured to drive the plurality of LED devices; and
a controller configured to control the driver to apply an image signal to
each of a plurality of scan lines, and apply a first image signal to a first
image frame period in a first scan line among the plurality of scan lines
and apply the first image signal to a second image frame period in a
second scan line among the plurality of scan lines.
The display apparatus of claim 1, wherein the controller is further
configured to:
control the driver to apply for a first time the first image signal to the
first scan line in a first sub-period of the first image frame period and
apply for a first time the first image signal to the first scan line in a
second sub-period of the first image frame period, and
control the driver to apply for a first time the first image signal to the
second scan line in a first sub-period of the second image frame period
and apply for a first time the first image signal to the second scan line
in a second sub-period of the second image frame period.
The display apparatus of claim 2, wherein the controller is further
configured to apply a final image signal among a plurality of image
signals to each sub-period of the second image frame period in the first
scan line.
The display apparatus of claim 1, wherein the second scan line is a scan
line immediately below the first scan line.
The display apparatus of claim 1, wherein the second scan line is a scan
line after a predetermined line interval from the first scan line.
The display apparatus of claim 1, wherein the first scan line comprises
a plurality of sections, and
wherein a first section among the plurality of section is included in the
first image frame period and a second section among the plurality of
sections is included in the second image frame period.
The display apparatus of claim 1, wherein the second image frame
period is a frame period after a predetermined frame period interval
from the first image frame period.
The display apparatus of claim 7, wherein the controller is further

configured to adjust the predetermined frame interval based on a
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brightness information of the first image frame.

The display apparatus of claim 1, wherein the controller is further
configured to, based on a third image signal being finally applied to a
last one of a plurality of frame periods in a third scan line, apply a
fourth image signal to the second image frame period of the second
scan line adjacent to the third scan line.

The display apparatus of claim 1, wherein the plurality of LED devices
is a micro LED device.

A control method of a display apparatus applying an image signal to a
plurality of scan lines, by a driver driving a plurality of light emitting
diode (LED) devices in a passive matrix (PM) method, the method
comprising:

applying a first image signal to a first image frame period in a first scan
line; and

applying a second image signal to a second image frame period in a
second scan line.

The control method of claim 11, wherein the applying for a first time
the first image signal to the first scan line further comprises applying
for a first time the first image signal to a first sub-period of the first
image frame period in the first scan line and applying for a first time
the first image signal to a second sub-period of the first image frame
period in the first scan line, and

wherein the applying for a first time the second image signal to the
second scan line further comprises applying for a first time the second
image signal to a first sub-period of the second image frame period in
the second scan line and applying for a first time the second image
signal to a second sub-period of the second image frame period in the
second scan line.

The control method of claim 12, the method further comprising
applying a final image signal among a plurality of image signals to
each sub-period of the second image frame period in the first scan line.
The control method of claim 11, wherein the second scan line is a scan
line immediately below the first scan line.

The control method of claim 11, wherein the second scan line is a scan

line after a predetermined line interval from the first scan line.
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