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(54) DISPLAY APPARATUS AND CONTROL METHOD THEREOF

(57) A display apparatus is provided. The display ap-
paratus includes: display modules arranged to form a
screen; and an image processing device configured to
output a signal to the display device to control display of
an image on the screen. One of the display modules in-
cludes: a driver configured to output a driving signal to
control LEDs to emit light, a storage configured to store

an image-quality set value, and a processor configured
to update the image-quality set value based on im-
age-quality characteristic information of a different dis-
play module among the plurality of display modules, and
control the driver to adjust the driving signal based on
the image-quality set value.



EP 3 813 049 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

Field

[0001] The disclosure relates to a display apparatus in
which a screen for displaying an image is embodied by
a plurality of display modules and a control method there-
of, and more particularly to a display apparatus in which
some display modules are replaceable among a plurality
of display modules for embodying a screen, and a method
of controlling the same.

Description of Related Art

[0002] To compute and process predetermined infor-
mation in accordance with certain processes, an elec-
tronic apparatus includes a central processing unit
(CPU), a chipset, a memory, and other electronic com-
ponents for the computation. Such an electronic appa-
ratus may be variously classified in accordance with what
information will be processed and what it is used for. For
example, the electronic apparatus may be classified as
an information processing apparatus such as a personal
computer (PC), a server or the like for processing general
information; an image processing apparatus for process-
ing image data; an audio apparatus for audio process;
home appliances for miscellaneous household chores;
etc. In particular, the image processing apparatus may
be embodied by a display apparatus that displays proc-
essed image data as an image on a screen. There are
various types of display panels applicable to the display
apparatus. A micro light emitting diode (or mLED) display
panel is an example of a flat display panel, and includes
a plurality of inorganic light emitting diodes (LEDs) less
than or equal to 100 micrometers. The micro LED display
panel provides improved contrast, response time and en-
ergy efficiency in comparison with a liquid crystal display
(LCD) panel which needs a backlight unit. The micro LED
also provides improved energy efficiency, brightness,
light emitting efficiency and life in comparison with an
organic LED (OLED) or inorganic LED.
[0003] As diverse image-based expressions are re-
quired in various fields, a display apparatus has been
increasingly applied to more and more fields. For exam-
ple, a display apparatus with an enlarged screen is need-
ed. To enlarge the screen of the display apparatus, two
major requirements need to be fulfilled: one is a high-
performance processor capable of displaying an image
on the enlarged screen, and the other is a display panel
embodied as the enlarged screen. With regard to the
latter, if a single display panel is embodied as the en-
larged screen, problems may arise in various aspects
such as technology, production efficiency, costs, etc.
[0004] In this regard, a module-type display apparatus
has been proposed in which a display module is manu-
factured to have a uniform size for modularization so that

a plurality of such display modules can be tiled to embody
an enlarged screen. By combining display modules in
different manners, the module-type display apparatuses
maybe assembled into a screen having a size and a
shape as desired by a user. Therefore, display modules
may be combined to form a display apparatus with a
screen taking up the whole wall, etc. For example, the
display modules may be adaptively installable in a wide
variety of spaces, and therefore a scope of application
is being gradually extended.
[0005] Because the screen of the module-type display
apparatus is embodied by a combination of the plurality
of display modules, the display modules are freely and
partly replaceable. In other words, when a certain display
module is defective, it is possible to replace only the de-
fective display module without replacing all the plurality
of display modules forming the screen.
[0006] Even if the plurality of display modules are man-
ufactured with the same materials and under the same
processes, the replaced display module may show dif-
ferent image quality from other surrounding display mod-
ules for various reasons such as difference in deteriora-
tion, etc. Although an important point of the module-type
display apparatus is that a single screen is achieved by
the plurality of display modules of which image qualities
are in harmony with one another, some replaced display
modules may show image qualities disturbing the har-
mony. For example, a newly replaced display module
may be brighter than an adjacent display module that
has not been newly replaced.
[0007] Accordingly, a method of adjusting the screen
to have generally harmonious (i.e., consistent) image
quality may be required when some display modules are
replaced in the module-type display apparatus.

SUMMARY

[0008] In accordance with an aspect of the disclosure,
there is provided a display apparatus including: a display
device with a plurality of display modules arranged to
form a screen; and an image processing device config-
ured to output a signal to the display device to control
display of an image on the screen, wherein one of the
plurality of display modules includes: a substrate, a plu-
rality of light emitting diodes (LEDs) arranged on the sub-
strate, a driver configured to output a driving signal to
control the plurality of LEDs to emit light, a storage con-
figured to store an image-quality set value, and a proc-
essor configured to update the image-quality set value
based on image-quality characteristic information of a
different display module among the plurality of display
modules, and control the driver to adjust the driving signal
based on the image-quality set value.
[0009] The image-quality characteristic information
may indicate a usage time of the different display module,
and the processor may be further configured to control
the driver to adjust the driving signal based on the usage
time.

1 2 



EP 3 813 049 A1

3

5

10

15

20

25

30

35

40

45

50

55

[0010] The processor may be further configured to con-
trol the driver to adjust an electric current of the driving
signal based on the image-quality characteristic informa-
tion.
[0011] The image-quality set value may indicate an ad-
justment value for the electric current of the driving signal
corresponding to image-quality characteristic informa-
tion of the one of the plurality of display modules, and
the processor may be further configured to control the
driver to adjust the electric current of the driving signal
based on the adjustment value which has been updated
based on the image-quality characteristic information.
[0012] The processor may be further configured to ob-
tain the image-quality characteristic information of the
different display module from the image processing de-
vice.
[0013] The processor may be further configured to ob-
tain the image-quality characteristic information from the
different display module.
[0014] The processor may be further configured to ob-
tain the image-quality characteristic information based
on a user input.
[0015] The display apparatus may further include a
communication interface, and the processor may be fur-
ther configured to obtain the image-quality characteristic
information from a server through the communication in-
terface.
[0016] Each of the plurality of display modules may be
replaceable.
[0017] In accordance with an aspect of the disclosure,
there is provided a display module configured to be used
in a display apparatus with a plurality of replaceable dis-
play modules, the display module including: a substrate;
a plurality of light emitting diodes (LEDs) arranged on the
substrate; a driver configured to output a driving signal
for driving the plurality of LEDs to emit light; a storage
configured to store an image-quality set value; and a
processor configured to update the image-quality set val-
ue based on image-quality characteristic information of
a different display module among the plurality of replace-
able display modules, and control the driver to adjust the
driving signal based on the image-quality set value.
[0018] In accordance with an aspect of the disclosure,
there is provided a method of controlling a display module
of a display apparatus that includes a display device with
a plurality of display modules arranged to form a screen,
and an image processing device configured to output a
signal to the display device to control display of an image
on the screen, the method including: storing an image-
quality set value for driving a plurality of light emitting
diodes (LEDs) arranged on a substrate of the display
module; obtaining image-quality characteristic informa-
tion of a different display module among the plurality of
display modules; updating the stored image-quality set
value based on the obtained image-quality characteristic
information; adjusting a driving signal for driving the plu-
rality of LEDs to emit light based on the updated image-
quality set value; and controlling the plurality of LEDs

based on the adjusted driving signal.
[0019] The image-quality characteristic information
may indicate a usage time of the different display module,
and the method may further include adjusting the driving
signal based on the usage time.
[0020] The method may further include adjusting an
electric current of the driving signal based on the obtained
image-quality characteristic information.
[0021] The stored image-quality set value may indicate
an adjustment value for the electric current of the driving
signal corresponding to image quality characteristics of
the display module, and the method may further include
adjusting the electric current of the driving signal based
on the adjustment value which has been updated based
on the image-quality characteristic information.
[0022] The method may further include obtaining the
image-quality characteristic information of the different
display module from the image processing device.
[0023] The method may further include obtaining the
image-quality characteristic information from the differ-
ent display module.
[0024] The may further include obtaining the image-
quality characteristic information based on a user input.
[0025] The method may further include obtaining the
image-quality characteristic information from a server
communicating with the display apparatus.
[0026] Each of the plurality of display modules may be
replaceable.
[0027] In accordance with an aspect of the disclosure,
there is provided a display module configured to be used
in a display apparatus with a plurality of display modules,
the display module including: a driver configured to out-
put a driving signal for driving a plurality of light emitting
diodes (LEDs); a storage configured to store an image-
quality set value and identification information of a pre-
viously connected display apparatus; and a processor
configured to: compare identification information of the
display apparatus with the identification information of
the previously connected display apparatus; obtain im-
age-quality characteristic information of the display ap-
paratus based on the identification information of the dis-
play apparatus not corresponding to the identification in-
formation of the previously connected display apparatus;
and control the driver to output the driving signal for driv-
ing the plurality of LEDs based on the image-quality char-
acteristic information.
[0028] The processor may be further configured to re-
quest the image-quality characteristic information of the
display apparatus from the display apparatus based on
the identification information of the display apparatus not
corresponding to the identification information of the pre-
viously connected display apparatus.
[0029] The processor may be further configured to con-
trol the driver to output the driving signal for driving the
plurality of LEDs based on previously stored image-qual-
ity characteristic information based on the identification
information of the display apparatus corresponding to the
identification information of the previously connected dis-

3 4 



EP 3 813 049 A1

4

5

10

15

20

25

30

35

40

45

50

55

play apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other aspects, features and ad-
vantages of certain embodiments of the present disclo-
sure will be more apparent from the following description
taken in conjunction with the accompanying drawings, in
which:

FIG. 1 illustrates a display apparatus according to
an embodiment;
FIG. 2 illustrates a structure in which a screen is
formed by a plurality of display modules according
to an embodiment;
FIG. 3 illustrates a display area of a display module
according to an embodiment;
FIG. 4 is a block diagram of a display apparatus ac-
cording to an embodiment;
FIG. 5 is a block diagram of a display module forming
a display according to an embodiment;
FIG. 6 illustrates operations of when a display mod-
ule is mounted to a display apparatus according to
an embodiment;
FIG. 7 illustrates that a plurality of display modules
are combined into a display device according to an
embodiment;
FIG. 8 illustrates replacement of a display module in
a display device according to an embodiment;
FIG. 9 is a flowchart showing a method by which a
display module displays an image with image quality
controlled based on a first image-quality set value
and a second image-quality set value according to
an embodiment;
FIG. 10 is a graph showing a relationship between
the brightness and life of a light emitting diode (LED)
according to an embodiment;
FIG. 11 is a block diagram showing a route from
which a display module obtains image-quality char-
acteristic information according to an embodiment;
and
FIG. 12 is a flowchart showing a method by which a
display apparatus controls an image processing de-
vice according to an embodiment.

DETAILED DESCRIPTION

[0031] Below, embodiments will be described in detail
with reference to accompanying drawings. Embodiments
described with reference to each drawing are not mutu-
ally exclusive configurations unless otherwise specified,
and a plurality of embodiments may be selectively com-
bined and implemented in one apparatus. The combina-
tion of the plurality of embodiments may be arbitrarily
selected and applied by a person skilled in the art in im-
plementing the spirit of the present disclosure.
[0032] As used herein, terms the terms "1st" or "first"
and "second" or "2nd" may use corresponding compo-

nents regardless of importance or order and are used to
distinguish one component from another without limiting
the components. For example, a "first" component may-
be named a "second" component and the "second" com-
ponent may also be similarly named the "first" compo-
nent, without departing from the scope of the disclosure.
[0033] Expressions such as "at least one of," when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list. For
example, the expression, "at least one of a, b, and c,"
should be understood as including only a, only b, only c,
both a and b, both a and c, both b and c, or all of a, b, and c.
[0034] FIG. 1 illustrates a display apparatus according
to an embodiment.
[0035] As shown in FIG. 1, a display apparatus 1 ac-
cording to an embodiment includes a screen 201 display-
ing an image based on a processed image signal, and
may for example be embodied as a television (TV). Al-
though the TV is illustrated, embodiments are not limited
thereto and the display apparatus 1 may be embodied
by various kinds of apparatuses, such as a digital sig-
nage, an electronic frame, a video wall, a digital white-
board, etc.
[0036] The display apparatus 1 includes a main body
or image processing device 100 that processes an image
signal based on image content received from the outside
or stored in itself, and a display device 200 that displays
an image based on the image signal output from the im-
age processing device 100. For example, the image
processing device 100 maybe provided in a media box
separated from the display device 200. However, em-
bodiments are not limited thereto and the display appa-
ratus 1 may include the image processing device 100,
and the display device 200 and the image processing
device 100 may be coupled to one frame or accommo-
dated in one housing.
[0037] The image processing device 100 receives an
image signal through various transfer methods such as
local area network (LAN) communication with a personal
computer (PC), a set-top box, and the like external ap-
paratuses; wide area network (WAN) communication
with a server; a radio frequency (RF) for receiving a
broadcast signal; etc. Alternatively, the image processing
device 100 may obtain an image signal by reading image
content data stored in an internal storage. The image
processing device 100 performs decoding, scaling, and
the like image-related process with regard to the obtained
image signal, thereby outputting the processed image
signal to the display device 200. The image processing
device 100 and the display device 200 may communicate
using wired and/or wireless methods.
[0038] The display device 200 forms a screen 201 for
displaying an image based on an image signal received
from the image processing device 100. The display de-
vice 200 includes a display panel, and various design
methods may be applicable to the structure of the display
panel. The display device 200 according to this embod-
iment is structured to form a large screen 201 with a plu-

5 6 



EP 3 813 049 A1

5

5

10

15

20

25

30

35

40

45

50

55

rality of display panels (i.e., a plurality of display modules)
having a mLED, an OLED or other self-emissive struc-
ture.
[0039] Below, the structure of the display device 200
will be described.
[0040] FIG. 2 illustrates a structure in which a screen
formed by a plurality of display modules according to an
embodiment.
[0041] As shown in FIG. 2, a display apparatus in-
cludes a display device 200 which may be embodied as
a large format display (LFD) installable on a substantially
vertical installation-surface such as a wall, etc. The dis-
play device 200 includes a plurality of display modules
210, 220, 230, 240, 250, 260, 270, 280 and 290. The
plurality of display modules 210, 220, 230, 240, 250, 260,
270, 280 and 290 are arranged side by side in rows and
columns in the form of a matrix, so that the display device
200 can form a single large screen. Although the illus-
trated display device 200 includes nine display modules
210, 220, 230, 240, 250, 260, 270, 280 and 290 arranged
in the form of 3x3, this is one possible example, and there
are no limits to the number, arrangement, quantity, form,
etc. of the display modules 210, 220, 230, 240, 250, 260,
270, 280 and 290.
[0042] Each of the display modules 210, 220, 230, 240,
250, 260, 270, 280 and 290 is individually separable, and
includes a plurality of displays 211, 212, 213, 214, 215,
216, 217 and 218 which are grouped to form a sub screen.
However, the display modules 210, 220, 230, 240, 250,
260, 270, 280 and 290 are not limited to such a structure
that the display modules 210, 220, 230, 240, 250, 260,
270, 280 and 290 include the plurality of displays 211,
212, 213, 214, 215, 216, 217 and 218. Alternatively, one
display module 210, 220, 230, 240, 250, 260, 270, 280
or 290 maybe designed to include a single display 211,
212, 213, 214, 215, 216, 217 or 218.
[0043] The plurality of displays 211, 212, 213, 214,
215, 216, 217 and 218 are arranged parallel in rows and
columns in the form of a matrix, thereby forming one dis-
play module 210, 220, 230, 240, 250, 260, 270, 280 or
290. In this embodiment, one display module 210, 220,
230, 240, 250, 260, 270, 280 or 290 includes eight dis-
plays 211, 212, 213, 214, 215, 216, 217 and 218 arranged
in the form of 4x2. However, this is one possible example,
and a different number, arrangement, form, etc. of dis-
plays 211, 212, 213, 214, 215, 216, 217 and 218 may be
used to form a display module. Further, although the plu-
rality of displays 211, 212, 213, 214, 215, 216, 217 and
218 are only illustrated with respect to one display module
210, the other display modules 220, 230, 240, 250, 260,
270, 280 and 290 are also structured to each include a
plurality of displays.
[0044] The display device 200 includes a frame pro-
vided to support the plurality of display modules 210, 220,
230, 240, 250, 260, 270, 280 and 290 and form a screen.
The display device 200 is embodied by a tile display, in
which the plurality of display modules 210, 220, 230, 240,
250, 260, 270, 280 and 290 are tiled and supported in

the frame in a state that the frame is mounted to a pre-
determined installation surface such as a wall, etc.
[0045] Each of the display modules 210, 220, 230, 240,
250, 260, 270, 280 and 290 includes a plurality of inor-
ganic light emitting diodes mounted to a quadrangular
substrate, and a driver for driving each light emitting di-
ode. The light emitting diodes are arranged parallel in
rows and columns in the form of a matrix on the substrate.
Below, the displays 211, 212, 213, 214, 215, 216, 217
and 218 included in each of the display modules 210,
220, 230, 240, 250, 260, 270, 280 and 290 will be de-
scribed.
[0046] FIG. 3 illustrates a display area of a display mod-
ule.
[0047] As shown in FIG. 3, one display 211 of the dis-
play module includes a plurality of pixels P arranged in
a matrix form of MxN (where, M and N are natural num-
bers) on a substrate C. Each pixel P includes a plurality
of light emitting elements respectively corresponding to
sub pixels of red, green and blue (RGB) colors. Each
light emitting element includes an inorganic light emitting
element such as an LED, and is provided to emit light
corresponding to one of three RGB colors. In this em-
bodiment, the light emitting elements in the pixel P are
provided as microscopic LEDs, i.e., a micro LED in units
of micrometer (mm). Further, the display 211 includes a
driver to drive each light emitting element by applying
voltage to each light emitting element.
[0048] One pixel P includes three light emitting ele-
ments that individually emit light of three RGB colors. A
color of light, which is represented in one pixel P, is varied
depending on a mixture of light emitted from the light
emitting elements corresponding to three colors included
in the corresponding pixel P. Each pixel P of the display
211 receives a control signal, current or voltage corre-
sponding to various brightness levels and colors, and
thus the light emitting elements are individually driven
based on the received control signal, current or voltage,
thereby allowing the pixel P to emit light having a specific
brightness level and color.
[0049] However, the number and colors of the light
emitting elements included per pixel P of the display 211
are not limited to this embodiment. For example, the dis-
play 211 may be provided to display a monotone image,
and each pixel may only include light emitting elements
of a single color. Alternatively, two or more light emitting
elements may correspond to each of the RGB colors in
the pixel P. Alternatively, each pixel may include an ad-
ditional light emitting element, such as cyan, so that each
pixel includes four or more light emitting elements.
[0050] Below, the configuration of the display appara-
tus will be described.
[0051] FIG. 4 is a block diagram of a display apparatus
according to an embodiment.
[0052] As shown in FIG. 4, the display apparatus 1
includes the image processing device 100 and the dis-
play device 200. The image processing device 100 in-
cludes a communicator 110, a signal input/output inter-
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face 120, a user input receiver 130, a storage 140, and
a main processor 150. The display device 200 includes
a plurality of display modules 210, 220, 230, 240, 250,
260, 270, 280 and 290, and a power supply circuit 400.
[0053] The communicator 110 refers to an interactive
communication circuit that includes at least one of ele-
ments, such as a communication module, a communica-
tion chip, etc. corresponding to various wired and wire-
less communication protocols. The communicator 110
may include a transceiver (transmitter and receiver). The
communicator 110 supports one or more wired or wire-
less communication standards, and includes a commu-
nication circuit, a communication chip or a communica-
tion module to perform communication based on the wire-
less communication standards. For example, the com-
municator 110 includes a communication circuit for one-
to-one local area communication such as Bluetooth,
Bluetooth low energy (BLE), etc., or other communication
method complying with Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.15 standards. Further, the
communicator 110 includes a communication circuit for
wide area network (WAN)-based communication such
as Wi-Fi, etc. or wireless local area network (LAN) com-
munication complying with IEEE 802.11. Thus, the com-
municator 110 can communicate with the display device
200, various external apparatuses and servers.
[0054] The signal input/output interface 120 is con-
nected to an external apparatus such as a set-top box or
an optical media player by one-to-one or one-to-many
wired connection, thereby receiving data from or output-
ting data to the external apparatus. The signal input/out-
put interface 120 may for example include a connector,
a port, etc. based on preset transfer protocols, such as
a high definition multimedia interfaced (HDMI) port, Dis-
playPort, a universal serial bus (USB) port, etc.
[0055] The communicator 110 and the signal input/out-
put interface 120 allows the display apparatus 1 to com-
municate with the external apparatus, and connects the
image processing device 100 and the display device 200
so that an image signal output from the image processing
device 100 can be transmitted to the display device 200.
For example, the image signal may be wirelessly trans-
mitted from the image processing device 100 to the dis-
play device 200 through a Wi-Fi communication module
of the communicator 110. Alternatively, the image signal
may be transmitted from the image processing device
100 to the display device 200 through a cable connected
to an HDMI port of the signal input/output interface 120.
To this end, the display device 200 may additionally in-
clude a communication module or port to receive a signal
from the communicator 110 or the signal input/output in-
terface 120.
[0056] The user input receiver 130 includes circuits re-
lated to various input interfaces provided to be controlled
by a user to thereby receive an input of a user. The user
input receiver 130 may be variously configured according
to the kinds of display apparatus 1, and may for example
include a mechanical or electronic button installed in a

housing of an image processing device 100 or a display
device 200, a remote controller separated from the image
processing device 100, a touch pad, a touch screen in-
stalled in the display device 200, etc.
[0057] The storage 140 is configured to store various
pieces of data. The storage 140 includes a nonvolatile
storage and a volatile memory. The nonvolatile storage
may be a medium in which recorded data is retained even
though power is not supplied, and includes a flash mem-
ory, a hard disc drive (HDD), a solid-state drive (SSD),
a read only memory (ROM), etc. The volatile memory
may be a medium in which recorded data is not retained
while power is not supplied, and includes a buffer, a ran-
dom-access memory (RAM), etc.
[0058] The main processor 150 includes one or more
hardware processors achieved by a central processing
unit (CPU), a chipset, a buffer, a circuit, etc. which are
mounted on a printed circuit board (PCB). Alternatively,
the processor 217 may be designed as a system on chip
(SoC). The main processor 150 includes modules corre-
sponding to various processes, such as a demultiplexer,
a decoder, a scaler, an audio digital signal processor
(DSP), an amplifier, etc. to process an image. Among
such modules, some or all of the modules may be
achieved by the SoC. For example, a demultiplexer, a
decoder, a scaler, and the like module related to an image
process may be achieved as an image processing SoC,
and an audio DSP maybe achieved as a chipset sepa-
rated from the SoC.
[0059] The main processor 150 outputs the processed
image signal to each display module 210 of the display
device 200 so that each display module 210 can display
an image given in units of an area, thereby finally dis-
playing the entire image on the screen of the display de-
vice 200. In this case, the main processor 150 may in-
dependently control the image attributes of the image
signal output according to the display modules 210 so
that the display device 200 can naturally display the entire
image with harmonious image quality. Alternatively, the
main processor 150 may not independently control the
image characteristics of the image signal output accord-
ing to the display modules 210, 220, 230, 240, 250, 260,
270, 280 and 290, but the display modules 210, 220, 230,
240, 250, 260, 270, 280 and 290 may individually control
the image characteristics of the image signal received
from the image processing device 100.
[0060] The display device 200 includes a power supply
circuit 400 for supplying electric power to the plurality of
display modules 210, 220, 230, 240, 250, 260, 270, 280
and 290 in the display device 200, separately from the
power supply circuit of the image processing device 100.
The power supply circuit 400 converts alternating current
(AC) power supplied from the outside into a direct current
(DC) power having an adaptive level, thereby individually
supplying the DC power to the display modules 210, 220,
230, 240, 250, 260, 270, 280 and 290. To this end, the
power supply circuit 400 may be provided by combination
of various kinds of electronic parts needed for controlling
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power, such as a capacitor, a switch, etc. on a substrate.
One or at least two power supply circuits 400 may be
provided, and may be placed inside the display module
210.
[0061] Like the foregoing embodiment, the plurality of
display modules 210, 220, 230, 240, 250, 260, 270, 280
and 290 are provided to thereby form the screen of the
display device 200 on which an image is displayed. Be-
low, the configuration of the display module 210 will be
described in detail.
[0062] FIG. 5 is a block diagram of a display module
forming a display device.
[0063] As shown in FIG. 5, the display device 200 in-
cludes the plurality of display modules 210, 220, 230,
240, 250, 260, 270, 280 and 290, and the power supply
circuit 400 supplying electric power to the plurality of dis-
play modules 210, 220, 230, 240, 250, 260, 270, 280 and
290. Each display module 210 includes a display 511, a
driver 512, a module storage 513, and a module proces-
sor 514. The plurality of display modules 210, 220, 230,
240, 250, 260, 270, 280 and 290 included in the display
device 200 have substantially the same structure, and
therefore only one of the display modules 210, 220, 230,
240, 250, 260, 270, 280 and 290 will be representatively
described in this embodiment.
[0064] One or more displays 511 are provided with re-
gard to each of the plurality of pixels in the display module
210. To emit light of various colors, each pixel in the dis-
play 511 may for example include three light emitting
elements respectively corresponding to the RGB colors.
The light emitting element is embodied by the LED that
emits light based on applied voltage.
[0065] The driver 512 drives the plurality of light emit-
ting elements included in the display 511. The driver 512
is provided in units of display module 210. When two or
more of the plurality of display modules 210, 220, 230,
240, 250, 260, 270, 280 and 290 are present, the driver
512 is provided corresponding to each of the two or more
of the plurality of display modules 210, 220, 230, 240,
250, 260, 270, 280 and 290. The driver 512 may employ
various hardware designs, and may for example include
a hardware circuit including wiring lines, electrodes,
switches, etc. on the substrate.
[0066] The driver 512 selectively controls voltage or
current applied to the light emitting elements for RGB
colors in each pixel of the display 511 according to a
control signal output from the module processor 514,
thereby individually controlling the brightness of the light
emitting elements. The driver 512 individually drives the
light emitting elements of all the pixels in the display 511
to ultimately display an image corresponding to an area,
which is assigned to the corresponding display module
210, of the entire image. The driver 512 uses a driving
signal such as a pulse width modulation (PWM) signal,
a pulse frequency modulation (PFM) signal, or the like
to control the voltage or current applied to the light emit-
ting element. The driver 512 may for example adjust a
duty ratio of a PWM signal to thereby control the voltage

or current applied to the light emitting element.
[0067] The module storage 513 is a storage provided
in the display module 210, different from the storage of
the image processing device 100. The module storage
513 may for example be configured to store predeter-
mined information to be referred to by the module proc-
essor 514 when controlled by the driver 512.
[0068] The module processor 514 is embodied by a
hardware control chipset such as a microcontroller, etc.
The module processor 514 controls the driver 512 based
on the image signal output from the image processing
device 100. For example, the module processor 514 re-
ceives area information for identifying an area, assigned
to the display module 210, of the entire image, together
with the image signal for displaying the entire image from
the image processing device 100. The module processor
514 identifies an area, to be displayed on the display 511,
of the entire image based on the received area informa-
tion, and controls the driver 512 to display an image cor-
responding to the identified area on the display 511.
When the display module 210 includes the plurality of
displays 511, the module processor 514 controls the driv-
er 512 to display an image corresponding to an assigned
area on each display 511.
[0069] Further, the module processor 514 may obtain
image-quality characteristic information about image
quality characteristics of an image (for example, the
brightness, color distribution, contrast, saturation, gam-
ma value, etc. of the image) in an area assigned to the
display 511. For example, the image-quality character-
istic information may indicate any one or any combination
of a correction value, an adjustment value or an offset
value. The image-quality characteristic information may
for example be stored in the module storage 513. That
is, the module processor 514 adjusts one or more among
the image-quality characteristics of the image to be dis-
played based on the image-quality characteristic infor-
mation obtained from the module storage 513, in terms
of generating the control signal for controlling the driver
512 based on the image signal output from the image
processing device 100. Thus, the driving signal output
from the driver 512 to the display 511 is adjusted, and
the image finally displayed on the display 511 reflects
the adjusted image-quality characteristics.
[0070] In the display apparatus with the foregoing
structure, some among the plurality of display modules
210, 220, 230, 240, 250, 260, 270, 280 and 290 may be
replaced. In such a case, the operations of the display
apparatus will be described below.
[0071] FIG. 6 illustrates operations performed when a
display module is mounted to a display apparatus ac-
cording to an embodiment.
[0072] FIG. 6 illustrates an operation of newly mount-
ing a display module 602 to a display apparatus including
an image processing device 601. The following opera-
tions are performed by a module processor of the newly
mounted display module 602 among the plurality of dis-
play modules included in the display apparatus, or a main
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processor of the image processing device 601 included
in the display apparatus.
[0073] At operation 610 the display module 602 detects
whether the display module 602 is mounted to the display
apparatus.
[0074] At operation 620, the display module 602 re-
quests the identification information of the image
processing device 601 to the image processing device
601 when it is detected that the display module 602 is
mounted to the display apparatus.
[0075] At operation 625 the image processing device
601 transmits the identification information of the image
processing device 601 to the display module 602 in re-
sponse to the request of the display module 602. The
identification information of the image processing device
601 may be obtained when the display module 602 trans-
mits the request to the image processing device 601, or
may be transmitted to the display module 602 by the im-
age processing device 601 without the request from the
display module 602 when it is detected that the display
module 602 is mounted.
[0076] At operation 630 the display module 602 iden-
tifies whether the display module 602 is newly mounted
to the display apparatus, based on the obtained identifi-
cation information of the image processing device 601.
For example, the display module 602 may identify wheth-
er the display module 602 is newly mounted by compar-
ing the obtained identification information of the image
processing device 601 with previously stored identifica-
tion information. For example, the display module 602
may identify that the display module 602 is newly mount-
ed to the display apparatus when the obtained identifi-
cation information of the image processing device 601 is
new, and identify that the display module 602 is not newly
mounted to the display apparatus when the obtained
identification information of the image processing device
601 matches the previously stored identification informa-
tion of the image processing device (that is, previously
mounted and used display apparatus). The display mod-
ule 602 may identify that the obtained identification infor-
mation of the image processing device 601 is new when
the obtained identification information of the image
processing device 601 does not match the previously
stored identification information of the image processing
device, or when the identification information of the image
processing device 601 is newly obtained in the state that
any identification information of the image processing de-
vice is not being stored.
[0077] As described, the display module 602 identifies
whether the display module 602 is mounted or not. How-
ever, embodiments are not limited thereto, and according
to another embodiment, the image processing device
601 may identify whether the display module 602 is newly
mounted or not. In this case, like the operations 610 to
630, the image processing device 601 may identify
whether the display module 602 is newly mounted or not
based on the identification information of the display
module 602 when it is detected that the display module

602 is mounted.
[0078] At operation 640 the display module 602 re-
quests for the image-quality characteristic information of
the display apparatus from the image processing device
601. The image-quality characteristic information of the
display apparatus includes various pieces of information
related to the image quality characteristics of the image
displayed on the screen of the display apparatus, for ex-
ample, information about usage time of the display ap-
paratus. However, the image-quality characteristic infor-
mation of the disclosure is not limited to this example,
but may include information about various characteristics
having an effect on the image quality characteristics of
the image. Here, in detail, the image-quality characteris-
tic information of the display apparatus includes the im-
age-quality characteristic information about the display
modules that have already been used except the display
module 602 that is newly mounted, among the plurality
of display modules included in the display device of the
display apparatus.
[0079] At operation 645 the image processing device
601 transmits the image-quality characteristic informa-
tion of the display apparatus to the display module 602
in response to the request of the display module 602.
[0080] At operation 650 the display module 602 obtains
an image-quality set value corresponding to the image-
quality characteristic information of the display appara-
tus, and stores the obtained image-quality set value. Al-
ternatively, when a predetermined image-quality set val-
ue has already been stored, the display module 602 up-
dates or adjusts the previously stored image-quality set
value based on the obtained image-quality characteristic
information.
[0081] At operation 655 the image processing device
601 outputs an image signal and area information to the
display module 602. The area information refers to infor-
mation for identifying an area assigned to the display
module 602 within the entire image based on the image
signal. For example, each display module of the display
apparatus may be assigned to different area, and thereby
operate based on different area information.
[0082] At operation 660 the display module 602 dis-
plays an image based on the image signal and the area
information from the image processing device 601, and
adjusts the image quality of the image based on the pre-
viously stored image-quality set value.
[0083] Thus, the display apparatus according to this
embodiment displays the entire image on the screen with
uniform image quality even though the display module
602 is a replacement display module.
[0084] The display module 602 in this embodiment ob-
tains necessary information from the image processing
device 601. However, embodiments are not limited there-
to, and the information may be obtained from a separate
server or the other display modules.
[0085] As time passes after initial installation, one or
more of the plurality of display modules fail or become
defective. The one or more display modules that have
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failed or become defective may be replaced. In this case,
difference in image quality between an image displayed
on the replacement display module and images dis-
played on the original display modules may be recogniz-
able by a user. For example, the replacement display
module may appear brighter than the original display
modules.
[0086] According to this embodiment, the display ap-
paratus may remove such difference or minimize the dif-
ference to such an extent as not to be recognizable by a
user, thereby providing uniform image quality. For exam-
ple, the replacement display module may compensate
for the difference by displaying images at a lower bright-
ness level.
[0087] Further, in this embodiment, such operations
are direction performed by the replaced display module
and not by the image processing device. However, em-
bodiments are not limited thereto, and the foregoing op-
erations may be performed by the image processing de-
vice. As another example, the replacement display mod-
ule may perform the operations when included in an im-
age processing device that does not perform the forego-
ing operations. In this case, the replaced display module
can directly reflect the image-quality characteristic infor-
mation of the display apparatus in the image signal with-
out much assistance of the image processing device.
Therefore, this embodiment provides improved use en-
vironments as compared with those of when the image
processing device works.
[0088] Below, it will be described by way of example
that the display device is initially configured with the plu-
rality of display modules.
[0089] FIG. 7 illustrates that a plurality of display mod-
ules are combined into a display device.
[0090] As shown in FIG. 7, for example, twelve display
modules 720 may be arranged in the form of 3x4 on a
frame 710 and combined into a screen of a display device
700. Here, when brightness, color distribution, contrast,
saturation, a gamma value and the like image quality
characteristics are uniformly shown throughout the
screen formed by the plurality of display modules 720,
the plurality of display modules 720 may be variously
arranged in the frame 710.
[0091] However, in practice, there may be various dif-
ferences in materials, process (production line, produc-
tion time, etc.), etc. among the plurality of display mod-
ules 720 even though the plurality of display modules
720 are produced by one manufacturer. Due to such dif-
ferences, the screen formed by all the display modules
720 may not provide visually uniform image quality char-
acteristics.
[0092] Therefore, the image quality characteristics of
the plurality of display modules 720 are previously con-
trolled in a manufacturing stage while one screen is
formed by combination of the plurality of display modules
720, so that the whole screen can show uniform image
quality, i.e., the entire image can be harmoniously dis-
played. In this case, image-quality set values, in which

the previously controlled image-quality characteristics of
the display modules 720 are reflected, are drawn accord-
ing to the display modules 720. The drawn image-quality
set values are stored in the module storage 513 (see
FIG. 5) of the corresponding display modules 720, and
then reflected in the image quality characteristics of the
images displayed on the display modules 720 in the fu-
ture. For example, regarding the brightness among the
image quality characteristics, the image-quality set value
may indicate an electric current quantity to be applied to
the light emitting element for emitting light.
[0093] As discussed above, an image-quality set value
may be set for a display module as a part of manufactur-
ing the display device. However, embodiments are not
limited to a single image-quality set value, and an addi-
tional image-quality set value may be set for the display
module. For convenience, the image-quality set value
discussed below will be referred to as a first image-quality
set value, and the image-quality set value discussed
above with reference to FIG. 6 will be referred to as a
second image-quality set value.
[0094] The module storage 513 (see FIG. 5) of the dis-
play modules 720 is configured to store position informa-
tion for identifying relative positions of the display mod-
ules 720 in the display device 700 according to results
of previous image-quality control in the manufacturing
stage. The first image-quality set value corresponding to
the image quality characteristics of a predetermined dis-
play module 720 is prepared for the corresponding dis-
play module 720 present at a designated position in the
display device 700, and therefore the first image-quality
set value is dependent on the relative position of the cor-
responding display module 720. Therefore, the display
modules 720 are designated by the position information
so that a user can distinguish between the relative posi-
tions of the display modules 720 even in the future.
[0095] Thereafter, when the display device 700 is con-
figured by combining the plurality of display modules 720,
a user interface (UI) 730 indicating the position informa-
tion about the display modules 720 is displayed on each
of the display modules 720 in response to a predeter-
mined trigger event. Based on the UIs 730 displayed on
each display modules 720, a user can identify the relative
position of each of the plurality of display modules 720
and arrange the display modules 720 on the frame 710
according to the relative positions designated in the man-
ufacturing stage.
[0096] The trigger event for displaying the UI 730 may
be any one or any combination of various trigger events.
For example, the trigger event may be the display module
720 being powered on, or receiving a preset user input
while the display module 720 is on.
[0097] There are many methods by which the UI 730
shows the position information, without being limited to
a certain method. For example, as shown in FIG. 7 the
UI 730 may be in the form of "M-N" (where, M and N are
natural numbers), in which "M" indicates a row and "N"
indicates a column. For example, when the UI 730 indi-
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cates "2-3", the display module 720 on which the corre-
sponding UI 730 is displayed is designated to be posi-
tioned in the second row and the third column in the 3x4
arrangement. When the UI 730 indicates "3-1", the dis-
play module 720 on which the corresponding UI 730 is
displayed is designated to be positioned in the third row
and the first column in the 3x4 arrangement.
[0098] Even when the plurality of display modules 720
are separated from the frame 710 and assembled again
for a move or the like reasons, the display modules 720
can be arranged at the same positions as previously
based on the UIs 730 respectively displayed on the dis-
play modules 720.
[0099] Below, it will be described that the display mod-
ule 720 is replaced in the display device 700.
[0100] FIG. 8 illustrates replacement of a display mod-
ule in a display device according to an embodiment.
[0101] As shown in FIG. 8, display module 740 may
be removed from the display device 700. For example,
the display module 740 may have been damaged and
be out of order. Because the display device 700 is formed
by the combination of the plurality of display modules
720, it is possible to replace only the display module 740,
which is out of order, with a new display module 810
without replacing each of the plurality of display modules
720.
[0102] However, when the newly mounted display
module 810 is provided with the other display modules
720 to form the screen, the screen of the display device
700 may not be uniform, and the screen of the display
device may not have uniform image quality. To make the
image quality uniform, the display module 810 obtains
the first image-quality set value based on the relative
position where the display module 810 is positioned from
the image processing device or other display modules
720 when it is identified that the display module 810 is
mounted.
[0103] As described above, the first image-quality set
value is prepared by reflecting the image quality charac-
teristics of the display apparatus in the manufacturing
stage. However, a point in time when the display module
810 is newly mounted is after a period of time has passed
after the manufacturing stage of the display device 700,
and therefore the first image-quality set value may not
properly reflect the image quality characteristics of the
display apparatus in the current point in time. In other
words, when only the first image-quality set value is re-
flected in the display module 810, the display module 810
may cause the image quality to be not uniform throughout
the screen of the display device 700.
[0104] In this regard, the display module 810 obtains
the image-quality characteristic information about the im-
age quality characteristics of the display device 700 at a
current point in time. The image-quality characteristic in-
formation may for example include a usage time of the
display device 700. The display module 810 obtains the
second image-quality set value corresponding to the ob-
tained image-quality characteristic information. For ex-

ample, regarding the brightness among the image quality
characteristics, the second image-quality set value may
include an adjustment value or an offset value for an elec-
tric current quantity applied from the driver to the light
emitting element, based on the usage time of the display
apparatus.
[0105] The display module 810 controls image char-
acteristics based on the first image-quality set value and
the second image-quality set value. For example, the dis-
play module 810 reflects the first image-quality set value
and the second image-quality set value with respect to
an initial value of a driving signal for displaying an image
based on an image signal received from the image
processing device. By adjusting the initial value of the
driving signal, the display module 810 adjusts the initial
value and drives the light emitting element based on the
adjusted initial value.
[0106] The first image-quality set value or the second
image-quality set value may refer to a level of image qual-
ity for a target image, or may refer to an adjustment value
for a driving signal to achieve the level. For example,
regarding the brightness among the image quality char-
acteristics, the level of the image quality for the target
image may refer to a brightness level, and the adjustment
value for the driving signal to reach the level may refer
to an electric current quantity of the driving signal for the
light emitting element to achieve the brightness level.
[0107] Below, it will be described that the display mod-
ule displays an image by controlling the image quality of
the image based on the first image-quality set value and
the second image-quality set value.
[0108] FIG. 9 is a flowchart showing a method by which
a display module displays an image with image quality
controlled based on a first image-quality set value and a
second image-quality set value according to an embod-
iment.
[0109] The following operations are performed by the
module processor of the display module.
[0110] At operation 910 the display module identifies
that the display module is mounted to the display device.
[0111] At operation 920 the display module obtains a
first image-quality set value based on a mounting posi-
tion.
[0112] At operation 930 the display module obtains in-
formation about usage time of the display apparatus.
[0113] At operation 940 the display module obtains a
second image-quality set value corresponding to the us-
age time of the display apparatus.
[0114] At operation 950 the display module receives
an image signal.
[0115] At operation 960 the display module adjusts a
driving signal based on the first image-quality set value
and the second image-quality set value to thereby control
image quality of an image based on the first image-quality
set value and the second image-quality set value.
[0116] At operation 970 the display module drives the
light emitting element with the adjusted driving signal,
thereby displaying an image.
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[0117] In this embodiment, the display module em-
ploys both the first image-quality set value and the sec-
ond image-quality set value to control the image quality
of the image. However, embodiments are not limited
thereto.
[0118] For example, the display module may use only
the first image-quality set value without the second im-
age-quality set value to control the image quality of the
image. For example, when the usage time of the display
apparatus is not relatively long, the light emitting ele-
ments of the existing display modules may not be signif-
icantly deteriorated. In this regard, when the usage time
of the display apparatus does not exceed a predeter-
mined threshold, in other words, when the usage time of
the display apparatus is relatively short, the display mod-
ule may employ only the first image-quality set value.
[0119] Alternatively, the display module may use only
the second image-quality set value without the first im-
age-quality set value to control the image quality of the
image. For example, when it is regarded that difference
in initial image quality is not significant between a new
display module for replacement and the existing display
modules because they have been used for a similar pe-
riod of time, the first image-quality set value may not be
employed. The standards for not using the first image-
quality set value may be variously provided, for example,
when the display modules are of the same model by the
same manufacturer, when the display modules are pro-
duced at the same period of time, when the display mod-
ules belong in common to a previously set product cat-
egory, etc.
[0120] There may be many examples of the image-
quality set value corresponding to the image-quality char-
acteristic information of the display apparatus. Below, a
method of obtaining the image-quality set value corre-
sponding to the image-quality characteristic information
will be described below.
[0121] FIG. 10 is a graph showing a relationship be-
tween the brightness and life of an LED according to an
embodiment.
[0122] As shown in FIG. 10, brightness of the LED is
lowered as usage time increases. This graph is based
on experiments on a predetermined LED, in which the
ordinates indicate the maximum brightness representa-
ble by the LED and the abscissa indicate the usage time
of the LED. For example, when the usage time of the
LED is 10,000 hours, the maximum brightness level rep-
resentable by the LED is lowered to 85% of the maximum
brightness. When the usage time of the LED is 20,000
hours, the maximum brightness level representable by
the LED is lowered to 78% of the maximum brightness.
When the usage time of the LED increases up to 50,000
hours, the maximum brightness level representable by
the LED is further lowered to 64% of the maximum bright-
ness.
[0123] In other words, the maximum brightness level
representable by the LED is gradually lowered because
the deterioration of the LED accumulates as the usage

time of the LED increases.
[0124] In this regard, the following design may be ap-
plied to the display module in connection with the bright-
ness of the LED. The image-quality characteristic infor-
mation includes information about the usage time of the
display apparatus, and the image-quality set value in-
cludes the brightness of the LED. The display module
may obtain a table in which brightness control values for
the LED are tabulated corresponding to the usage time.
In this table, electric current quantities of a driving signal
for the LED, adjusted to lower the brightness of the LED,
may for example be tabulated corresponding to the us-
age time of the display apparatus.
[0125] When the display module is mounted to the dis-
play apparatus, the display module identifies the usage
time of the display apparatus. The display module iden-
tifies the brightness control value corresponding to the
identified usage time of the display apparatus from the
table, and controls the driving signal for the LED based
on the identified brightness control value.
[0126] The foregoing embodiment may be applicable
to the following example. While the display apparatus is
being used after initial installation, the LEDs are deteri-
orated in the plurality of display modules and thus the
upper limit of the representable brightness is gradually
lowered. In this state, when a certain display module is
replaced, the replaced display module is new and thus
the upper limit of the brightness representable by the
LED is relatively high. Therefore, when an image is dis-
played on the screen of the display apparatus without
any compensation, the brightness in the area corre-
sponding to the replaced display module is higher than
the brightness in the areas corresponding to the other
display modules.
[0127] Accordingly, the usage time of the display ap-
paratus is taken into account, as discussed above, so
that the brightness in the replaced display module can
be lowered to correspond with those of the other display
modules. Thus, the brightness is uniform throughout the
screen of the display apparatus even though the display
module is newly replaced.
[0128] In this embodiment, the image-quality charac-
teristic information includes the usage time of the display
apparatus, and the image-quality set value includes the
brightness of the LED. However, such parameters includ-
ed in the image-quality characteristic information and the
image-quality set value are not limited thereto, and var-
ious parameters may be included in the image-quality
characteristic information or the image-quality set value.
[0129] For example, the image-quality characteristic
information may include information about the manufac-
turer and the model of the display apparatus. The display
apparatuses may have variations in processing an image
signal according to their manufacturers or models, and
thus display an image with different image quality. The
display module may adjust a driving signal for an LED to
form a screen, in which image quality is uniform, based
on the image-quality set value corresponding to informa-
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tion about the manufacturer and model of the display
apparatus.
[0130] The image-quality set value is provided to adjust
various parameters such as contrast, saturation, a gam-
ma value, etc. as well as the brightness of an image. The
image-quality set value may include a value for adjusting
a level of image quality of an image, or a value for ad-
justing a driving signal for an LED to adjust the image
quality of the image.
[0131] Meanwhile, the foregoing embodiment de-
scribes that the display module obtains the image-quality
characteristic information of the display apparatus from
the image processing device. However, embodiments
are not limited thereto and the image-quality character-
istic information may be provided from sources other than
the image processing device. For example, the image-
quality characteristic information may be obtained from
various routes, and such an embodiment will be de-
scribed below.
[0132] FIG. 11 is a block diagram showing a route from
which a display module obtains image-quality character-
istic information according to an embodiment.
[0133] As shown in FIG. 11, a display apparatus 1100
includes an image processing device 1130 and a plurality
of display modules 1110 and 1120. The image process-
ing device 1130 is configured to output an image signal
to the plurality of display modules 1110 and 1120, and
communicate with the plurality of display modules 1110
and 1120. Each of the plurality of display modules 1110
and 1120 drives a plurality of LEDs to individually emit
light so that an image can be displayed based on an
image signal received from the image processing device
1130. In this case, a first display module 1110 which is
newly mounted obtains the image-quality characteristic
information of the display apparatus 1100, and adjusts a
driving signal for the LED based on the obtained image-
quality characteristic information.
[0134] There may be many routes from which the first
display module 1110 can obtain the image-quality char-
acteristic information. For example, when it is identified
that the first display module 1110 is mounted, the first
display module 1110 may obtain image-quality charac-
teristic information 1151, which is stored in the image
processing device 1130, from the image processing de-
vice 1130.
[0135] Alternatively, when it is identified that the first
display module 1110 is mounted, the image processing
device 1130 transmits a request for image-quality char-
acteristic information 1152 to a server 1140. The server
1140 stores the image-quality characteristic information
1152 of the display apparatus 1100, and transmits the
image-quality characteristic information 1152 based on
position information about the replaced first display mod-
ule 1110 to the image processing device 1130 in re-
sponse to the request of the image processing device
1130. Here, the position information is the same as de-
scribed in the foregoing embodiment. The image
processing device 1130 provides the image-quality char-

acteristic information 1152 received from the server 1140
to the first display module 1110.
[0136] Alternatively, the newly mounted first display
module 1110 may obtain image-quality characteristic in-
formation 1153 from a second display module 1120 that
has already been mounted and is in use.
[0137] Alternatively, the image processing device
1130 may receive a user input, and provide image-quality
characteristic information 1154 based on the received
user input to the first display module 1110.
[0138] The foregoing embodiments describe that the
mounted display module obtains the image-quality set
value based on the image-quality characteristic informa-
tion of the display apparatus, and displays an image with
image quality controlled based on the obtained image-
quality set value. However, these operations may be per-
formed not only by the mounted display module but the
image processing device, and such an embodiment will
be described below.
[0139] FIG. 12 is a flowchart showing a method by
which a display apparatus controls an image processing
device according to an embodiment.
[0140] The following operations are performed by a
main processor of the image processing device.
[0141] At operation 1210 the image processing device
detects that a display module is mounted.
[0142] At operation 1220 the image processing device
identifies whether a display module is newly mounted.
As one example of identification methods, the image
processing device obtains identification information of
the mounted display module from the corresponding dis-
play module, and identifies whether the obtained identi-
fication information is from a previously registered display
module (in other words, whether the obtained identifica-
tion information corresponds to or is the same as identi-
fication information of the display module that has previ-
ously been in use). The image processing device may
identify the mounted display module as a previously used
display module when the obtained identification informa-
tion has been already registered, and identify the mount-
ed display module as a new display module when the
obtained identification information has not been already
registered. However, this is merely an example, and var-
ious identification methods maybe provided and used.
[0143] When it is identified that the display module is
newly mounted, at operation 1230 the image processing
device obtains the image-quality characteristic informa-
tion about the display apparatus. On the other hand,
when it is identified that the display module is not newly
mounted, the image processing device directly enters
operation 1250. For example, the display module that is
not newly mounted may process an image signal based
on a previously obtained image-quality set value in op-
eration 1250.
[0144] At operation 1240 the image processing device
obtains an image-quality set value about the display mod-
ule, corresponding to the obtained image-quality charac-
teristic information.
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[0145] At operation 1250 the image processing device
processes an image signal based on the obtained image-
quality set value. For example, when the image-quality
set value is related to the brightness of an image, the
image processing device may reflect the image-quality
set value in a brightness level of the image signal to be
output to the display module, thereby adjusting the bright-
ness level of the image signal.
[0146] At operation 1260 the image processing device
outputs the image signal to the display module.
[0147] In other words, in terms of outputting the image
signal to the display module, the image processing de-
vice reflects typical image-processing in the image signal
and outputs the image signal to the display module when
it is identified that the display module has been previously
used. On the other hand, when it is identified that the
display module is newly mounted, the image processing
device processes the image signal by reflecting an im-
age-quality set value corresponding to the image-quality
characteristic information of the display apparatus in ad-
dition to the typical image-processing in the image signal.
[0148] The image signal provided to the display mod-
ule is adjusted by the image processing device, and
therefore the display module does not perform operation
of adjusting the driving signal based on the image-quality
set value. Regardless of whether the display module is
newly mounted or not, the display module typically per-
forms operation of generating the driving signal based
on the image signal received from the image processing
device.
[0149] It is described that the image processing device
obtains the image-quality characteristic information
about the display apparatus and the image-quality set
value corresponding to the image-quality characteristic
information, processes the image signal based on the
obtained image-quality set value, and outputs the proc-
essed image signal to the display module. However, em-
bodiments are not limited thereto and according to an
another embodiment, the image-quality set value ob-
tained by the image processing device may be transmit-
ted to the display module.
[0150] In this case, the image processing device does
not process the image signal based on the obtained im-
age-quality set value, but applies only typical image-
processing to the image signal, thereby transmitting the
processed image signal to the display module. The dis-
play module processes the image signal received from
the image processing device, based on the image-quality
set value obtained from the image processing device,
and displays an image based on the processed image
signal.
[0151] The processor of the image processing device
or the module processor of the display module may per-
form at least a part of data analysis, data process and
result information generation based on at least one of
machine learning, neural network, deep learning algo-
rithms as a rule-based or artificial intelligence (AI) algo-
rithm in order to perform operations of adjusting the im-

age signal or the driving signal for the LED based on the
image-quality characteristic information about the dis-
play apparatus as described above.
[0152] For example, the processor of the image
processing device or display module may function as a
learner and a recognizer. The learner may perform a
function of generating the learned neural network, and
the recognizer may perform a function of recognizing (or
inferring, predicting, estimating and identifying) the data
based on the learned neural network. The learner may
generate or update the neural network. The learner may
obtain learning data (i.e., training data) and generate the
neural network based on the obtained learning data. For
example, the learner may obtain the learning data from
the storage of the display module or from the outside.
The learning data may be data used for learning the neu-
ral network, and the data subjected to the foregoing op-
erations may be used as the learning data to teach the
neural network.
[0153] Before teaching the neural network based on
the learning data, the learner may perform a preprocess-
ing operation with regard to the obtained learning data
or select data to be used in learning among a plurality of
pieces of the learning data. For example, the learner may
process the learning data to have a preset format, apply
filtering to the learning data, or process the learning data
to be suitable for the learning by adding/removing noise
to/from the learning data. The learner may use the pre-
processed learning data for generating the neural net-
work set to perform the operations.
[0154] The learned neural network may include a plu-
rality of neural networks (or layers). The nodes of the
plurality of neural networks have weights, and the plural-
ity of neural networks may be connected to one another
so that an output value of a certain neural network can
be used as an input value of another neural network. As
an example of the neural network, there are a convolu-
tional neural network (CNN), a deep neural network
(DNN), a recurrent neural network (RNN), a restricted
Boltzmann machine (RBM), a deep belief network (DBN),
a bidirectional recurrent deep neural network (BRDNN)
and deep Q-networks.
[0155] The recognizer may obtain target data to carry
out the foregoing operations. The target data may be
obtained from the storage of the image processing de-
vice, the module storage of the display module, or from
the outside. The target data may be data targeted to be
recognized by the neural network. Before applying the
target data to the learned neural network, the recognizer
may perform a preprocessing operation with respect to
the obtained target data, or select data to be used in
recognition among a plurality of pieces of target data. For
example, the recognizer may process the target data to
have a preset format, apply filtering to the target data, or
process the target data into data suitable for recognition
by adding/removing noise. The recognizer may obtain
an output value output from the neural network by apply-
ing the preprocessed target data to the neural network.
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Further, the recognizer may obtain a stochastic value or
a reliability value together with the output value.
[0156] The operations of the apparatus described in
the foregoing embodiments may be performed by artifi-
cial intelligence provided in the corresponding apparatus.
The artificial intelligence may be applied to various gen-
eral systems by utilizing a machine learning algorithm.
An artificial intelligence system refers to a computer sys-
tem with intelligence of a human or being second to a
human. In such a system, a machine, an apparatus or a
system autonomously performs leaning and identifying
and is improved in accuracy of recognition and identifi-
cation based on accumulated experiences. The artificial
intelligence is based on elementary technology by utiliz-
ing machine learning technology and algorithms based
on an algorithm of autonomously classifying and learning
features of input data, and copying perception, identifi-
cation and the like functions of a human brain.
[0157] The elementary technology may for example in-
clude at least one of language comprehension technol-
ogy for recognizing a language and a text of a human,
visual understanding technology for recognizing a thing
like a human sense of vision, inference and prediction
technology for identifying information and logically mak-
ing inference and prediction, knowledge representation
technology for processing experience information of a
human into knowledge data, and motion control technol-
ogy for controlling a vehicle’s automatic driving or a ro-
bot’s motion.
[0158] Here, linguistic comprehension refers to tech-
nology of recognizing, applying and processing a hu-
man’s language or text, and includes natural language
processing, machine translation, conversation system,
question and answer, voice recognition and synthesis,
etc.
[0159] Inference and prediction refer to technology of
identifying information and logically making prediction,
and includes knowledge- and probability-based infer-
ence, optimized prediction, preference-based plan, rec-
ommendation, etc.
[0160] Knowledge representation refers to technology
of automating a human’s experience information into
knowledge data, and includes knowledge building such
as data creation and classification, knowledge manage-
ment such as data utilization, etc.
[0161] The methods according to the foregoing em-
bodiments may be achieved in the form of a program
instruction that can be implemented in various comput-
ers, and recorded in a computer readable medium. Such
a computer readable medium may include a program in-
struction, a data file, a data structure or the like, or com-
bination thereof. For example, the computer readable
medium may be non-transitory. For example, the com-
puter readable medium may be stored in a nonvolatile
storage such as universal serial bus (USB) memory, re-
gardless of whether it is deletable or rewritable, for ex-
ample, a RAM, a ROM, a flash memory, a memory chip,
an integrated circuit (IC) or the like memory, or an opti-

cally or magnetically recordable or machine (e.g., a com-
puter)-readable storage medium, for example, a compact
disk (CD), a digital versatile disk (DVD), a magnetic disk,
a magnetic tape or the like. It will be appreciated that a
memory, which can be included in a mobile terminal, is
an example of the machine-readable storage medium
suitable for storing a program having instructions for re-
alizing the embodiments. The program instruction re-
corded in this storage medium maybe specially designed
and configured according to the embodiments, or may
be publicly known and available to those skilled in the art
of computer software. Further, the computer program in-
struction may be implemented by a computer program
product.
[0162] Although embodiments have been shown and
described, it will be appreciated by those skilled in the
art that changes may be made to these embodiments
without departing from the principles of the disclosure,
the scope of which is defined in the appended claims.

Claims

1. A display apparatus comprising:

a display device comprising a plurality of display
modules arranged to form a screen; and
an image processing device configured to out-
put a signal to the display device to control dis-
play of an image on the screen,
wherein one of the plurality of display modules
comprises:

a substrate,
a plurality of light emitting diodes (LEDs) ar-
ranged on the substrate,
a driver configured to output a driving signal
to control the plurality of LEDs to emit light,
a storage configured to store an image-
quality set value, and
a processor configured to update the im-
age-quality set value based on image-qual-
ity characteristic information of a different
display module among the plurality of dis-
play modules, and control the driver to ad-
just the driving signal based on the image-
quality set value.

2. The display apparatus according to claim 1, wherein
the image-quality characteristic information indi-
cates a usage time of the different display module,
and
wherein the processor is further configured to control
the driver to adjust the driving signal based on the
usage time.

3. The display apparatus according to claim 1, wherein
the processor is further configured to control the driv-
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er to adjust an electric current of the driving signal
based on the image-quality characteristic informa-
tion.

4. The display apparatus according to claim 3, wherein
the image-quality set value indicates an adjustment
value for the electric current of the driving signal cor-
responding to image-quality characteristic informa-
tion of the one of the plurality of display modules, and
wherein the processor is further configured to control
the driver to adjust the electric current of the driving
signal based on the adjustment value which has
been updated based on the image-quality charac-
teristic information.

5. The display apparatus according to claim 1, wherein
the processor is further configured to obtain the im-
age-quality characteristic information of the different
display module from the image processing device.

6. The display apparatus according to claim 1, wherein
the processor is further configured to obtain the im-
age-quality characteristic information from the differ-
ent display module.

7. The display apparatus according to claim 1, wherein
the processor is further configured to obtain the im-
age-quality characteristic information based on a us-
er input.

8. The display apparatus according to claim 1, further
comprising a communication interface,
wherein the processor is further configured to obtain
the image-quality characteristic information from a
server through the communication interface.

9. The display apparatus according to claim 1, wherein
each of the plurality of display modules is replacea-
ble.

10. A method of controlling a display module of a display
apparatus that includes a display device with a plu-
rality of display modules arranged to form a screen,
and an image processing device configured to output
a signal to the display device to control display of an
image on the screen, the method comprising:

storing an image-quality set value for driving a
plurality of light emitting diodes (LEDs) arranged
on a substrate of the display module;
obtaining image-quality characteristic informa-
tion of a different display module among the plu-
rality of display modules;
updating the stored image-quality set value
based on the obtained image-quality character-
istic information;
adjusting a driving signal for driving the plurality
of LEDs to emit light based on the updated im-

age-quality set value; and
controlling the plurality of LEDs based on the
adjusted driving signal.

11. The method according to claim 10, wherein the im-
age-quality characteristic information indicates a us-
age time of the different display module, and
wherein the method further comprises adjusting the
driving signal based on the usage time.

12. The method according to claim 10, further compris-
ing adjusting an electric current of the driving signal
based on the obtained image-quality characteristic
information.

13. The method according to claim 12, wherein the
stored image-quality set value indicates an adjust-
ment value for the electric current of the driving signal
corresponding to image quality characteristics of the
display module, and
wherein the method further comprises adjusting the
electric current of the driving signal based on the
adjustment value which has been updated based on
the image-quality characteristic information.

14. The method according to claim 10, further compris-
ing obtaining the image-quality characteristic infor-
mation of the different display module from the image
processing device.

15. The method according to claim 10, further compris-
ing obtaining the image-quality characteristic infor-
mation from the different display module.
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