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(57) ABSTRACT 
Disclosed herein is a display device for determining whether 
or not ghost exists in a unit of a block to perform ghost 
cancellation, and a control method of the display device. 
According to an embodiment, the display device includes: a 
screen configured to display an image; a calculator config 
ured to partition the screen into a plurality of blocks and 
determine whether or not ghost exists in at least one block 
of the blocks; and a controller configured to cancel ghost 
existing in the at least one block in response to the calculator 
determining that the ghost exists in the at least one block of 
the blocks. 
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DISPLAY DEVICE AND METHOD WITH 
GHOST CANCELLATION ACCORDING TO 

IMAGE BLOCKS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority from Korean Patent 
Application No. 2013-0152496, filed on Dec. 9, 2013 in the 
Korean Intellectual Property Office, the disclosure of which 
is incorporated herein by reference. 

BACKGROUND 

1. Field 
Exemplary embodiments of the present disclosure relate 

to a display device and a control method thereof. 
2. Description of the Related Art 
A display device of the related art can display three 

dimensional images. 
A flat panel display device of the related art is free from 

spatial constraints since it has a low-weight and a slim body 
compared to a Cathode Ray Tube (CRT). Further, the flat 
panel display device of the related art can display a large 
screen image with a high image quality. 

However, if the flat display device of the related art 
displays the same image for a long time, phosphors or 
luminous bodies of the corresponding area may deteriorate 
or be denatured. When another image is displayed after such 
deterioration or denaturalization occurs, the screen is dam 
aged, resulting in a ghost. The ghost may lower the quality 
of an image that is displayed on the screen. 

SUMMARY 

Therefore, an aspect of the exemplary embodiments may 
provide a display device for determining whether or not 
ghost exists in a unit of a block to perform ghost cancella 
tion, and a control method of the display device. 

Additional aspects of the disclosure will be set forth in 
part in the description which follows and, in part, will be 
obvious from the description, or may be learned by practice 
of the disclosure. 

In accordance with an aspect of an exemplary embodi 
ment, a display device includes: a screen configured to 
display an image; a calculator configured to partition the 
screen into a plurality of blocks and determine whether or 
not ghost exists in at least one block of the blocks; and a 
controller configured to cancel existing ghost in the at least 
one block in response to the calculator determining that the 
ghost exists in the at least one block of the blocks. 
The calculator may be further configured to determine 

whether a Sub image displayed in the at least one block is a 
still image and determine whether or not the ghost exists in 
the at least one block based on each of the determined sub 
image displayed in the at least one block. 
The calculator may be further configured to calculate a 

motion vector of the at least one block to determine whether 
or not the ghost exists in the at least one block. 
The calculator may be configured to determine a shape of 

the ghost existing in the at least one block in response to the 
calculator determining that the ghost exists in the at least one 
block. 

The calculator may be configured to determine a level of 
the ghost in response to the calculator determining that the 
ghost exists in the at least one block, wherein the level of the 
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2 
ghost is determined according to a time period in which a 
still image is displayed in the at least one block. 
The controller may be further configured to display a 

ghost cancellation image in the at least one block to cancel 
the ghost. 
The controller may be further configured to display a 

ghost cancellation image which corresponds to the shape of 
the ghost in the at least one block Such that the ghost is 
cancelled. 
The controller may be further configured to display a 

ghost cancellation image in the at least one block for a time 
period which corresponds to the level of the ghost, such that 
the ghost is cancelled. 

In response to the calculator determining that no ghost 
exists in any of the blocks, the controller may be further 
configured to power off the display device according to a 
predetermined input. 

In accordance with another aspect of an exemplary 
embodiment, a control method of a display device which 
includes a screen configured to display an image, the control 
method including: partitioning the image into a plurality of 
blocks; determining whether or not ghost exists in at least 
one block of the blocks; and cancelling existing ghost in the 
at least one block in response to determining that the ghost 
exists in the at least one block of the blocks. 
The determining whether or not ghost exists in the at least 

one block may include determining whether a Sub image 
displayed in the at least one block of the blocks is a still 
image. 
The determining whether or not ghost exists in the at least 

one block may include calculating a motion vector of the at 
least one block of the blocks. 
The determining whether or not ghost exists in the at least 

one block may further include determining a shape of the 
ghost existing in the at least one block in response to 
determining that the ghost exists in the at least one block. 
The determining whether or not ghost exists in the at least 

one block may further include determining a level of the 
ghost in response to determining that the ghost exists in the 
at least one block, wherein the level of the ghost is deter 
mined according to a time period in which a still image is 
displayed in the at least one block. 
The cancelling the existing ghost in the at least one block 

may include displaying a ghost cancellation image in the at 
least one block to cancel the ghost. 
The cancelling the ghost existing in the at least one block 

may include displaying a ghost cancellation image which 
corresponds to the shape of the ghost in the at least one block 
Such that the ghost is cancelled. 
The cancelling the ghost existing in the at least one block 

may include displaying a ghost cancellation image in the at 
least one block for a time period which corresponds to the 
level of the ghost such that the ghost is cancelled. 
The control method may further include turning off power 

according to a predetermined input in response to determin 
ing that no ghost exists in any of the blocks. 

In accordance with yet another aspect of an exemplary 
embodiment, a method of determining whether ghost exists 
in an image, the method including: partitioning an image 
into a plurality of blocks such that each block of the block 
comprises at least one pixel; calculating a motion vector 
which comprises a direction and a magnitude of each block 
of the blocks over a predetermined time period; and deter 
mining ghost exists in each block of the blocks in response 
to the motion vector including no direction and no magni 
tude over the predetermined time period. 
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According to an aspect of the display device and the 
control method thereof, when it is determined that ghost 
exists, the display device may automatically perform ghost 
cancellation before power-off. By automatically performing 
ghost cancellation without receiving a user input for per 
forming ghost cancellation, it is possible to prevent quality 
deterioration of an image that is displayed. 

According to another aspect of the display device and the 
control method thereof, since it is determined whether ghost 
exists in a unit of a block to perform appropriate ghost 
cancellation for each block, ghost may be efficiently can 
celled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and/or other aspects of the disclosure will become 
apparent and more readily appreciated from the following 
description of the exemplary embodiments, taken in con 
junction with the accompanying drawings of which: 

FIG. 1 illustrates an external appearance of a display 
device according to an exemplary embodiment of the pres 
ent disclosure; 

FIG. 2 is a control block diagram of a display device 
according to an exemplary embodiment of the present 
disclosure; 

FIG. 3A shows an example of an image displayed on a 
screen, and FIG. 3B shows an example of a screen parti 
tioned into a plurality of blocks; 

FIGS. 4A, 4B, and 4C show examples of images that are 
displayed on a screen over time; 

FIG. 5 shows examples of motion vectors corresponding 
to individual blocks: 

FIG. 6 shows examples of levels and shapes of ghost 
corresponding to individual blocks; 

FIG. 7 is a view for describing a method of performing 
ghost cancellation using ghost cancellation images corre 
sponding to individual blocks, according to an exemplary 
embodiment of the present disclosure; 

FIG. 8 is a flowchart illustrating a control method of a 
display device, according to an exemplary embodiment of 
the present disclosure; 

FIG. 9 is a flowchart illustrating a method of determining 
whether or not ghost exists, according to an exemplary 
embodiment of the present disclosure; 

FIG. 10 is a flowchart illustrating a method of determining 
a level or shape of ghost, according to an exemplary 
embodiment of the present disclosure; and 

FIG. 11 is a flowchart illustrating a method of canceling 
ghost according to a shape and level of the ghost, according 
to an exemplary embodiment of the present disclosure. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Reference will now be made in detail to the exemplary 
embodiments of the present disclosure, examples of which 
are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 
A display device and a control method thereof according 

to exemplary embodiments of the present disclosure will be 
described with reference to the appended drawings, below. 

FIG. 1 illustrates an external appearance of a display 
device according to an exemplary embodiment of the pres 
ent disclosure. 

Referring to FIG. 1, a display device 100 is used to 
display images. The display device 100 may be a display of 
a television, a monitor, or a mobile communication terminal. 
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4 
As illustrated in FIG. 1, the display device 100 may 

further include a screen 110 to display an image, and a 
housing 170 surrounding the screen 110. Also, the display 
device 100 may further include a stand 200 to support the 
housing 100. 
The screen 110 may display an image based on received 

output signals. The image may be a still image which is not 
affected by the passage of time, or a moving image which 
changes over time. 
The screen 110 may include a display panel. The display 

panel may be a Liquid Crystal Display (LCD) panel, an 
Electro-Luminescence Display (ELD) panel, a Field Emis 
sion Display (FED) panel, a Plasma Display Panel (PDP), a 
Thin Film Transistor-Liquid Crystal Display (TFT-LCD) 
panel, or an Organic Light Emitting Diode (OLED) panel. 
When the screen 110 including such a display panel 

displays a still image for a predetermined time or more, 
pixels may deteriorate and a ghost may be generated. More 
specifically, if a still image is displayed on the screen 110 for 
a long time, the life of pixels displaying the still image on 
the screen becomes shorter than that of the other pixels. As 
a result, the ghost may remain on the screen 110 when the 
still image changes to another image. Since the ghost may 
deteriorate the quality of the image, ghost cancellation needs 
to be performed. 
The display device 100 may include a ghost cancellation 

function for cancelling the ghost. In an exemplary embodi 
ment of ghost cancellation, a method may periodically shift 
a still image on the screen 110 in up, down, left, and right 
directions. In another exemplary embodiment of ghost can 
cellation, a method may display a specific pattern for can 
celling ghost on the screen 110 to protect specific pixels. 
The ghost cancellation function of the display device 100 

may also be performed when a user observes ghost, and 
applies an input for performing the ghost cancellation func 
tion. That is, since detection of ghost may depend on a user 
observation, the user may experience inconvenience with 
the observed ghost, and ghost cancellation may be ineffec 
tive. In order to mitigate this issue, a display device may be 
capable of determining whether or not ghost exists without 
receiving a user input to perform ghost cancellation, and a 
control method of the display device. 

FIG. 2 is a control block diagram of a display device 
according to an exemplary embodiment of the present 
disclosure. 

Referring to FIG. 2, a display device 100 may include a 
screen 110 to display an image, a calculator 120 to partition 
the screen 110 into a plurality of blocks and to determine 
whether or not ghost exists in each block, and a controller 
130 to cancel, if the calculator 120 determines that ghost 
exists in at least one of the plurality of blocks, the ghost 
existing in the at least one block. The display device 100 
may further include an input unit 300 to receive a power 
on/off input from a user. The controller may comprise at 
least one processor for performing its respective functions. 
The screen 110 may display an image according to a 

power-on input received from the input unit 300. More 
specifically, if the input unit 300 receives a power-on input 
from a user, the controller 130 may power on the display 
device 100. Thus, power is supplied to the screen 110 so that 
the screen 110 displays an image based on received output 
signals. 
The screen 110 may be composed of a plurality of pixels. 

The pixels are Smallest units of brightness points forming 
the screen 110. 
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The calculator 120 may partition the screen 110 into a 
plurality of blocks, and determine whether or not ghost 
exists in each block 

FIG. 3A shows an example of an image displayed on a 
screen, and FIG. 3B shows an example of a screen parti 
tioned into a plurality of blocks. In FIG. 3B, dotted lines are 
imaginary lines for describing a screen partitioned into a 
plurality of blocks. 
As shown in FIG. 3A, when an image is displayed on a 

screen 110, the calculator 120 (see FIG. 2) may partition the 
screen 110 into a plurality of blocks, as shown in FIG. 3B. 
Each block may be a group of one or more pixels, and the 
blocks may include the same number of pixels. However, the 
blocks may also include different numbers of pixels. The 
screen 110 may be partitioned into a predetermined number 
of blocks. 
By partitioning the screen 110 into a plurality of blocks, 

it is possible to apply different ghost cancellation methods in 
a unit of a block. Thus, the ghost cancellation efficiency is 
improved. 

In order to perform ghost cancellation in a unit of a block, 
the calculator 120 may determine whether or not ghost exists 
in each block. In order to determine whether or not ghost 
exists in each block, the calculator 120 may determine 
whether an image displayed in each block is a still image. 
Since ghost can be generated due to a deterioration of pixels 
when a still image is displayed on the screen 110 for a long 
time, the calculator 120 may determine that ghost exists if 
the image displayed in each block is a still image. 

Whether an image displayed in each block is a still image 
may be determined by calculating a motion vector of each 
block including one or more pixels on the screen 110. 

Hereinafter, a method of calculating a motion vector will 
be described with reference to FIGS 4A to 4C and FIG. 5. 

FIGS. 4A, 4B, and 4C show examples of images that are 
displayed on a screen over time, wherein dotted lines are 
imaginary lines for describing a screen partitioned into a 
plurality of blocks. FIG. 4A shows a first image that is 
displayed on a screen 110, and FIGS. 4B and 4C show 
images that are displayed on the screen 110 at regular time 
intervals. 
The screen 110 may display a still image or a moving 

image. The images shown in FIGS. 4A, 4B, and 4C are 
moving images that change over time. However, the entire 
moving image does not change over time. That is, a part of 
the moving image may change over time while the other part 
does not change over time. Accordingly, whether an image 
displayed on the screen 110 is a still image may be deter 
mined in a unit of a block. 

Referring to FIGS. 4A, 4B, and 4C, some parts of the 
images do not change over time. The parts that do not 
change over time can be considered still images. For 
example, A, B, and C are areas of the images that can be 
considered still images which do not change by the passage 
of time. In fact, A, B, and C areas do not change between the 
images shown in FIGS. 4A, 4B, and 4C. If a certain area is 
determined to be a still image, it may be determined that 
ghost exists in the area, Such that the area becomes a target 
Subject to ghost cancellation. 

Determining whether an image is a still image may be part 
of the pre-processing for ghost cancellation. Accordingly, it 
is important to accurately determine whether an image is a 
still image. Whether an image is a still image may be 
mathematically determined by calculating a motion vector. 
A motion vector is a vector representing a direction and a 

magnitude of displacement of an object from an image of a 
viewpoint to an image of another viewpoint. For example, in 
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6 
a moving image, a motion vector may represent an apparent 
motion of an object between two sequential image frames. 

FIG. 5 shows examples of motion vectors corresponding 
to individual blocks. An arrow in each block represents a 
motion vector of the block. FIG. 5 shows motion vectors 
acquired from moving images respectively displayed at a 
time t and at a time t after a predetermined time period 
from the time t is elapsed on the screen 110. 
A motion vector is a vector having a magnitude and a 

direction. That is, movement directions and movement dis 
tances of blocks of the image displayed at the time t during 
a time period from the time t to the time t may be 
represented as motion vectors. 

Referring to FIG. 5, since the motion vectors are obtained 
from the images displayed at the times t and t, most blocks 
have motion vector values. In order to represent an object 
moving toward a vanishing point located at the center of the 
screen 110, most blocks may have motion vectors of direc 
tions pointing away from the vanishing point. 

However, since blocks corresponding to the A, B, and C 
areas display the same images at the times t and t, the 
motion vectors of the A, B, and C areas become Zero. The 
motion vectors of the A, B, and C areas have neither 
magnitude nor direction. In this case, the blocks correspond 
ing to the A, B, and C areas may be determined to display 
still images at the times t and t. 

If the calculator 120 determines that the ghost exists, the 
calculator 120 may accumulate the motion vectors of the 
corresponding blocks. That is, the calculator 120 may 
repeatedly perform operations of obtaining motion vectors 
from two sequential image frames at regular time intervals, 
and accumulate the obtained motion vectors in the corre 
sponding blocks. 

If a motion vector is zero, it may be determined that a still 
image is displayed in the corresponding block. Accordingly, 
by accumulating motion vectors, a time period for which a 
still image is displayed may be measured. The longer time 
period for which a still image is displayed, the greater degree 
of deterioration of pixels displaying the still image. Accord 
ingly, a level of ghost may be determined based on a time 
period for which a still image is displayed. The level of ghost 
may be digitized according to a time period for which the 
still image is displayed. 

Also, if the calculator 120 determines that ghost exists in 
a block, the calculator 120 may determine a shape of the 
ghost. In order to cancel the ghost, a ghost cancellation 
image, which will be described later, may be displayed on a 
screen. By displaying a ghost cancellation image corre 
sponding to a shape of ghost on a screen, the ghost may be 
more efficiently cancelled. 

FIG. 6 shows examples of levels and shapes of ghost 
corresponding to individual blocks. Patterns in the blocks 
show the shapes of ghost, and numerals in the blocks show 
the levels of ghost. The levels of ghost are assumed to range 
from 1 to 3, wherein 1 corresponds to a level of ghost when 
a still image is displayed for a shortest time period, and 3 
corresponds to a level of ghost when a still image is 
displayed for a longest time period. 
As shown in FIGS. 4A to 4C and FIG. 5, the A, B, and C 

areas are areas in which still images are displayed. Accord 
ingly, it can be determined that ghost exist in the A, B, and 
C areas. 

If it is determined that ghost exists in the A, B, and C 
areas, the controller 130 (see FIG. 2) may determine levels 
and shapes of the ghost. Referring to FIG. 6, a level and a 
shape of ghost may be determined for each of the blocks 
belonging to the A, B, and C areas. 
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For example, in the lower and left block of the A area, a 
diagonal line shape of ghost has been generated, and a level 
of the ghost is 2. A level and a shape of ghost are determined 
for each block in which the ghost exists, and ghost cancel 
lation may be performed based on the level and shape of the 5 
ghost. 

Referring again to FIG. 2, if the calculator 120 determines 
that ghost exists in at least one of a plurality of blocks, the 
controller 130 may cancel the ghost existing in the at least 
one block. The controller 130 may cancel the ghost existing 
in at least one block when receiving a power-off command 
through the input unit 300, or when receiving a predeter 
mined command. 

FIG. 7 is a view for describing a method of performing 
ghost cancellation using ghost cancellation images corre 
sponding to individual blocks, according to an exemplary 
embodiment of the present disclosure. 
The controller 130 (see FIG. 2) may display a predeter 

mined ghost cancellation image in a block in which ghost 20 
exists, in order to cancel the ghost. By displaying a ghost 
cancellation image only in a block in which ghost exists, 
ghost cancellation is prevented from being unnecessarily 
performed on areas in which no ghost exists. Also, the 
controller 130 may perform appropriate ghost cancellation 25 
according to a level and a shape of ghost existing in each 
block, thereby increasing the efficiency of ghost cancella 
tion. 

For example, if the calculator 120 (see FIG. 2) determines 
levels and shapes of ghost as shown in FIG. 6, the controller 30 
130 may perform ghost cancellation based on the levels and 
shapes of ghost. More specifically, the controller 130 may 
cancel ghost in a block by displaying a ghost cancellation 
image corresponding to the shape of the ghost in the block 
for a time period corresponding to the level of the ghost. 35 

Referring to FIG. 6, in the B area, a horizontal line shape 
of ghost and a vertical line shape of ghost have been 
generated, a level of the horizontal line shape of ghost is 3. 
and a level of the vertical line shape of ghost is 2. 

In this case, ghost cancellation images as shown in FIG. 40 
7 may be displayed. In order to cancel the horizontal line 
shape of ghost, a ghost cancellation image in which a row of 
pixels aligned in a horizontal direction has the same pixel 
value may be displayed. Also, in order to cancel the vertical 
line shape of ghost, a ghost cancellation image in which a 45 
column of pixels aligned in a vertical direction has the same 
pixel value may be displayed. 
The ghost cancellation images may be displayed for 

different time periods depending on the levels of the corre 
sponding ghost. As an exemplary embodiment of a display 50 
time period of a ghost cancellation image, if a level of ghost 
is 1, a time period t is a display time period of the ghost. 
Further, if a level of ghost is 2, a time period t is a display 
time period of the ghost. Finally, if a level of ghost is 3, a 
time period t is a display time period of the ghost. Since the 55 
higher level of ghosts correspond to the higher degree of 
deterioration of the corresponding pixels, the lengths of the 
display time periods t, t, and t are in an order of t<tast. 

In the B area of FIG. 7, ghost cancellation images 
corresponding to the shapes of ghost as shown in FIG.6 may 60 
be respectively displayed for display time periods corre 
sponding to the levels of the ghost. Since the blocks of the 
B area have different shapes and different levels of ghost, 
different ghost cancellation images may be displayed in the 
respective blocks for different display time periods. 65 
By performing optimized ghost cancellation for each 

block, the efficiency of ghost cancellation may increase. 
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FIG. 8 is a flowchart illustrating a control method of a 

display device, according to an exemplary embodiment of 
the present disclosure. 

First, referring to FIGS. 2 and 8, a power-on input may be 
received through the input unit 300 (operation 400). Then, 
power may be supplied to the display device 100 according 
to the power-on input so that the display device 100 is ready 
to operate according to a user command. 

Then, output signals may be received to display an image 
on the screen 110 (operation 410). The screen 110 may 
include a display panel, and the display panel may be a LCD 
panel, an ELD panel, a FED panel, a PDP, a TFT-LCD panel, 
or an OLED panel. 
The image that is displayed on the screen 110 may be a 

still image or a moving image. If the image that is displayed 
on the screen 110 is a moving image, image frames may be 
sequentially displayed. 
While the image is displayed on the screen 110, the image 

may be partitioned into a plurality of blocks (operation 420). 
Partitioning an image into a plurality of blocks is aimed at 
performing computations for each unit of a block, instead of 
displaying the partitioned blocks on the screen 110. 

After the image is partitioned into the plurality of blocks, 
a determination is made for whether or not ghost exists in 
each block (operation 430). By determining whether or not 
ghost exists in each block, instead of determining whether 
ghost exists in the entire screen 110, a location of ghost can 
be accurately determined so that a ghost cancellation method 
corresponding to the ghost can be applied to the ghost. 
A method of determining whether ghost exists will be 

described with reference to FIGS. 9 and 10. 
Determining whether ghost exists in a unit of a block may 

be repeatedly performed at regular time intervals. 
While the image is displayed on the screen 110 and it is 

determined whether or not ghost exists in each block, a 
power-off input may be received through the input unit 300 
(operation 440). The power-off input may be input by a user 
in order to power off the display device 100. Before the 
display device 100 powers off, ghost cancellation may be 
automatically performed. 
By cancelling ghost automatically before power-off with 

out receiving a user input for performing ghost cancellation, 
user inconvenience may be removed. 
When a power-off input is received, it may be determined 

whether ghost exists in at least one block of the plurality of 
blocks (operation 450). If it is determined that ghost exists 
in at least one block, the ghost of the corresponding block 
may be cancelled. In order to cancel the ghost, a ghost 
cancellation image may be displayed in the corresponding 
block (operation 460). 

In order to efficiently cancel the ghost, a ghost cancella 
tion image corresponding to a level or shape of the ghost 
may be displayed. This will be described with reference to 
FIG 11. 

If it is determined that no ghost exists in any of the 
plurality of blocks before ghost cancellation or after ghost 
cancellation, the display device 100 may be powered off 
according to the power-off input (operation 470). 

Hereinafter, a method of determining whether or not ghost 
exists will be described in more detail with reference to 
FIGS. 9 and 10. 

FIG. 9 is a flowchart illustrating a method of determining 
whether or not ghost exists, according to an exemplary 
embodiment of the present disclosure. 

First, a motion vector for each of a plurality of blocks may 
be acquired (operation 431). The motion vector may be 
acquired from two sequential image frames. 
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The acquired motion vectors may be accumulated. More 
specifically, an operation of acquiring a motion vector from 
two sequential image frames for each block may be repeat 
edly performed at regular time intervals to acquire a plural 
ity of motion vectors for the block, and the acquired motion 
vectors may be accumulated in the block. 

Thereafter, it is determined whether an image displayed in 
each block is a still image based on the motion vectors 
acquired for the block (operation 432). If the motion vectors 
of the block are Zero, the image displayed in the block may 
be determined to be a still image. 

If it is determined that a still image is displayed in the 
block, a part of a plurality of pixels included in the block 
may deteriorate. Accordingly, it may be determined that 
ghost exists in the block in which the still image has been 
displayed (operation 433). Further, if it is determined that no 
still image is displayed in the block, the plurality of pixels 
included in the block do not deteriorate. Accordingly, it may 
be determined that no ghost exists in the block (operation 
434). 

If it is determined that the ghost exists in the block, a level 
or shape of the ghost may be determined for ghost cancel 
lation. 

FIG. 10 is a method of determining a level or shape of 
ghost, according to an exemplary embodiment of the present 
disclosure. 

First, it is determined whether or not ghost exists in each 
block (operation 435). Whether or not ghost exists in each 
block may be determined by the method described above 
with reference to FIG. 9. 

If a block in which ghost exists is found, a shape or level 
of the ghost may be determined. Then, efficient ghost 
cancellation may be performed based on the determined 
shape or level of the ghost. 

If a block in which ghost exists is found, a shape of the 
ghost may be determined (operation 436). The shape of the 
ghost may be determined based on the locations of deterio 
rated pixels. 
The shape of the ghost may be compared to predeter 

mined geometric shapes so that a shape most similar to the 
shape of the ghost can be selected from among the prede 
termined geometric shapes. Predetermined geometric shapes 
may be line shapes extending in predetermined directions. A 
ghost cancellation image may be determined according to 
the direction of a line shape corresponding to the shape of 
the ghost. 
When a block in which ghost exists is found, a level of the 

ghost in addition to the shape of the ghost may be deter 
mined. The level of the ghost may be a degree of deterio 
ration of pixels included in the block. 

In order to determine a level of the ghost, a time period 
for which a still image is displayed in the block may be 
measured (operation 437). This is because a degree of 
deterioration of pixels may be proportional to a time period 
for which a still image is displayed. 

Accordingly, a level of the ghost may be determined 
based on a time period for which a still image is displayed 
in the block (operation 438). The level of the ghost may be 
digitized according to the time period for which the still 
image is displayed in the block. A time period for which a 
ghost cancellation image is displayed may be decided 
according to the digitized level of the ghost. 

If a shape and level of the ghost are determined according 
to the method described above with reference to FIG. 10, 
ghost cancellation may be performed based on the shape and 
level of the ghost. 
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FIG. 11 is a flowchart illustrating a method of canceling 

ghost according to a shape and level of the ghost, according 
to an exemplary embodiment of the present disclosure. 

If a user applies a power-off input, ghost cancellation may 
be performed. That is, ghost cancellation may be automati 
cally performed according to a power-off input even though 
a user applies no user input to perform ghost cancellation. 

If a power-off input is applied (operation 440), it may be 
determined whether ghost exists in at least one block of a 
plurality of blocks (operation 450). If it is determined that no 
ghost exists in any of the plurality of blocks, the display 
device may be powered off according to the power-off input 
(operation 470). 

If it is determined that the ghost exists in at least block of 
the plurality of blocks, ghost cancellation may be performed 
on the block in which the ghost exists. A shape and level of 
the ghost may be determined according to the method 
described above with reference to FIG. 10. Further, ghost 
cancellation may be performed according to the determined 
shape and level of the ghost. 
More specifically, a ghost cancellation image correspond 

ing to the determined shape of the ghost may be determined 
(operation 461). If the shape of the ghost is a line shape 
extending in a predetermined direction, a ghost cancellation 
image corresponding to the predetermined direction may be 
determined. 

Also, a display time period of the ghost cancellation 
image may be determined in correspondence to the deter 
mined level of the ghost (operation 462). If the level of the 
ghost is digitized, a display time period of the ghost can 
cellation image may be determined in correspondence to the 
digitized value. 

If the ghost cancellation image and the display time 
period are determined, ghost cancellation may be performed 
on the corresponding block. More specifically, the ghost 
cancellation image may be displayed in the block in which 
the ghost exists for the display time period, thereby cancel 
ling the ghost (operation 463). 

If ghost cancellation images are displayed in all blocks in 
which ghost exist to cancel the ghost of the blocks, the 
display device may be powered off according to the power 
off input (operation 470). 

Although a few embodiments of the present disclosure 
have been shown and described, it would be appreciated by 
those skilled in the art that changes may be made in these 
embodiments without departing from the principles and 
spirit of the disclosure, the scope of which is defined in the 
claims and their equivalents. 

What is claimed is: 
1. A display device comprising: 
a screen configured to display an image; 
a calculator configured to partition the screen into a 

plurality of blocks and determine whether or not ghost 
exists in at least one block of the blocks; and 

a controller configured to cancel existing ghost in the at 
least one block in response to the calculator determin 
ing that the ghost exists in the at least one block of the 
blocks, 

wherein the calculator is configured to determine a shape 
of the ghost existing in the at least one block in 
response to the calculator determining that the ghost 
exists in the at least one block. 

2. The display device of claim 1, wherein the calculator is 
further configured to determine whether a Sub image dis 
played in the at least one block of the blocks is a still image 
and determine whether or not the ghost exists in the at least 



US 9,659,514 B2 
11 

one block based on each of the determined sub image 
displayed in the at least one block. 

3. The display device of claim 1, wherein the calculator is 
further configured to calculate a motion vector of the at least 
one block to determine whether or not the ghost exists in the 
at least one block. 

4. The display device of claim 1, wherein the controller is 
further configured to display a ghost cancellation image in 
the at least one block to cancel the ghost. 

5. The display device of claim 1, wherein the controller is 
further configured to display a ghost cancellation image 
which corresponds to the shape of the ghost in the at least 
one block Such that the ghost is cancelled. 

6. The display device of claim 1, wherein in response to 
the calculator determining that no ghost exists in any of the 
blocks, the controller is further configured to power off the 
display device according to a predetermined input. 

7. The display device of claim 1, wherein the calculator is 
configured to determine a level of the ghost in response to 
the calculator determining that the ghost exists in the at least 
one block, 

wherein the level of the ghost is determined according to 
a time period in which a still image is displayed in the 
at least one block. 

8. The display device of claim 7, wherein the controller is 
further configured to display a ghost cancellation image in 
the at least one block for a time period which corresponds to 
the level of the ghost, such that the ghost is cancelled. 

9. A control method of a display device which includes a 
screen configured to display an image, the control method 
comprising: 

partitioning the image into a plurality of blocks: 
determining whether or not ghost exists in at least one 

block of the blocks; and 
cancelling existing ghost in the at least one block in 

response to determining that the ghost exists in the at 
least one block of the blocks, 

wherein the determining whether or not ghost exists in the 
at least one block further comprises determining a 
shape of the ghost existing in the at least one block in 
response to determining that the ghost exists in the at 
least one block. 

10. The control method of claim 9, wherein the determin 
ing whether or not ghost exists in the at least one block 
comprises determining whether a Sub image displayed in the 
at least one block of the blocks is a still image. 

11. The control method of claim 9, wherein the determin 
ing whether or not ghost exists in the at least one block 
comprises calculating a motion vector of the at least one 
block of the blocks. 
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12. The control method of claim 9, wherein the cancelling 

the existing ghost in the at least one block comprises 
displaying a ghost cancellation image in the at least one 
block to cancel the ghost. 

13. The control method of claim 9, wherein the cancelling 
the existing ghost in the at least one block comprises 
displaying a ghost cancellation image which corresponds to 
the shape of the ghost in the at least one block such that the 
ghost is cancelled. 

14. The control method of claim 9, further comprising 
turning off power according to a predetermined input in 
response to determining that no ghost exists in any of the 
blocks. 

15. The control method of claim 9, wherein the determin 
ing whether or not ghost exists in the at least one block 
further comprises determining a level of the ghost in 
response to determining that the ghost exists in the at least 
one block, 

wherein the level of the ghost is determined according to 
a time period in which a still image is displayed in the 
at least one block. 

16. The control method of claim 15, wherein the cancel 
ling the ghost existing in the at least one block comprises 
displaying a ghost cancellation image in the at least one 
block for a time period which corresponds to the level of the 
ghost such that the ghost is cancelled. 

17. A method of determining whether ghost exists in an 
image, the method comprising: 

partitioning an image into a plurality of blocks such that 
each block of the blocks comprises at least one pixel; 

calculating a motion vector which comprises a direction 
and a magnitude of each block of the blocks over a 
predetermined time period; and 

determining ghost exists in each block of the blocks in 
response to the motion vector comprising no direction 
and no magnitude over the predetermined time period, 

wherein the determining ghost exists in each block of the 
blocks further comprises determining a shape of the 
ghost existing in each block of the blocks. 

18. The method of claim 17, wherein the predetermined 
time period in which the motion vector is calculated com 
prises two sequential image frames. 

19. The method of claim 17, wherein the motion vector is 
repeatedly calculated over the predetermined time period at 
specified time intervals of an image display period. 
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