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(54) Pointing device and display apparatus

(57) A pointing device and a display apparatus ap-
plying the same are provided. The pointing device com-
prises an optical sensor which senses a plurality of optical
signals emitted by the display apparatus, and a controller
which calculates a current location pointed by the point-
ing device on a screen of the display apparatus divided
into a plurality of blocks, based on points of time at which

the plurality of optical signals are sensed by the optical
sensor on the screen of the display apparatus. The con-
troller calculates the current location using the plurality
of blocks, and corrects a location error that occurs when
the current location pointed by the pointing device is lo-
cated adjacent to a boundary area between at least two
adjacent blocks among the plurality of blocks.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority from Korean
Patent Application No. 10-2010-0047964, filed on May
24, 2010, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference
in its entirety.

BACKGROUND

1. Field

[0002] Apparatuses consistent with exemplary em-
bodiments relate to a pointing device and a display ap-
paratus, and more particularly, to a pointing device and
a display apparatus which calculate a location of the
pointing device and displays it on the display apparatus.

2. Description of the Related Art

[0003] An electronic board and an electronic pen are
widely used for lecture, meeting, presentation, learning,
and game. Using the electronic board system, users can
have a lecture under a cleaner environment and expect
that the electronic board system is more economical to
use than a general board which requires a consumable
pen.
[0004] The electronic board system is functionally su-
perior to a general board system in that it can convert
written contents into data so that the contents are easy
to change or edit. Therefore, the electronic board system
is considered as being in a commercially advantageous
position.
[0005] A method for recognizing a pointing device in
the electronic board system is divided into a sequence
driving method and a block driving method. The se-
quence driving method generates light in sequence for
an X-axis and a Y-axis such that a pointing device rec-
ognizes the light. The sequence driving method is ad-
vantageous in terms of a simple location sensing process
and no non-linear section, but provides a relatively low
resolution and may work abnormally because of a weak
optical signal in some colors due to a characteristic of a
plasma display panel (PDP) display.
[0006] In order to overcome the disadvantages of the
sequence driving method, the block driving method is
used. The block driving method divides the X-axis of a
display panel into a plurality of blocks and generate light,
and then generates light again in pixel lines within each
block such that a pointing location is recognized.
[0007] The block driving method is advantageous in
that an optical signal does not become weak and a sens-
ing resolution is high, and but may cause an error in a
boundary between blocks.
[0008] Therefore, there is a need for a method for sens-
ing a location of a pointing device, which can prevent a

light signal from becoming weak and increase a sensing
resolution, and also, can prevent an error from occurring
in a boundary between blocks.

SUMMARY

[0009] One or more exemplary embodiments may
overcome the above disadvantages and other disadvan-
tages not described above. However, it is understood
that one or more exemplary embodiment are not required
to overcome the disadvantages described above, and
may not overcome any of the problems described above.
[0010] One or more exemplary embodiment provide a
pointing device which corrects an error which occurs in
a boundary area between blocks when calculating a cur-
rent location, and calculates a current location, and a
display apparatus applied to the same.
[0011] According to the present invention there is pro-
vided an apparatus and method as set forth in the ap-
pended claims. Other features of the invention will be
apparent from the dependent claims, and the description
which follows. According to an aspect of an exemplary
embodiment, there is provided a pointing device which
operates in association with a display apparatus. The
pointing device may include: an optical sensor which
senses a plurality of optical signals; and a controller which
calculates a current location pointed by the pointing de-
vice on a screen of the display apparatus divided into a
plurality of blocks, based on points of time at which the
plurality of optical signals are sensed by the optical sen-
sor on the screen of the display apparatus, wherein the
controller calculates the current location using the plu-
rality of blocks, and corrects a location error that occurs
when the current location pointed by the pointing device
is located adjacent to a boundary area between at least
two adjacent blocks among the plurality of blocks.
[0012] The plurality of optical signals may include first,
second and third optical signals, and the controller may
calculate a first axis coordinate of the current location
based on a first point of time at which the first optical
signal is sensed, first location information indicating a
location of a block, among the plurality of blocks, to which
a second axis coordinate of the pointing device belongs,
based on a second point of time at which the second
optical signal is sensed, second location information in-
dicating a location within a block group comprising at
least two adjacent blocks among the plurality of blocks,
based on a third point of time at which the third optical
signal is sensed, and the second axis coordinate of the
current location based on the first location information
and the second location information. The plurality of op-
tical signals may further include at least one reference
signal, and the controller may further calculate at least
one reference point of time at which the at least one ref-
erence signal is sensed, respectively, the first axis coor-
dinate based on the first point of time and the at least
one reference point of time, and the second axis coordi-
nate based on the first location information, the second
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location information and the at least one reference point
of time.
[0013] If the location within the block group corre-
sponding to the second location information does not cor-
respond to the location of the block corresponding to the
first location information, the controller may determine
that the location error has occurred.
[0014] If it is determined that the location error has oc-
curred, the controller may change the first location infor-
mation or the second location information, thereby cor-
recting the error.
[0015] If the block corresponding to the first location
information is a first block of a specific block group and
the location corresponding to the second location infor-
mation is a location included in a final block of the block
group, the controller may determine that the location error
has occurred and changes the first location information
so that the block corresponding to the first location infor-
mation is changed to a previous block.
[0016] If the block corresponding to the first location
information is a first block of a specific block group and
the location corresponding to the second location infor-
mation is a location included in a final block of the block
group, the controller may determine that the location error
has occurred and changes the second location informa-
tion so that the location corresponding to the second lo-
cation information is changed to a location included in
the block corresponding to the first location information.
[0017] If the block corresponding to the first location
information is a final block of a specific block group and
the location corresponding to the second location infor-
mation is a location included in a first block of the block
group, the controller may determine that the location error
has occurred and changes the first location information
so that the block corresponding to the first location infor-
mation is changed to a next block.
[0018] If the block corresponding to the first location
information is a final block of a specific block group and
the location corresponding to the second location infor-
mation is a location included in a first block of the block
group, the controller may determine that the location error
has occurred and changes the second location informa-
tion so that the location corresponding to the second lo-
cation information is changed to a location included in
the block corresponding to the first location information.
[0019] The plurality of optical signals may be infrared
light.
[0020] The pointing device may further include a com-
munication unit which transmits information about the
calculated current location to the display apparatus.
[0021] According to an aspect of another exemplary
embodiment, there is provided a display apparatus. The
display apparatus may include: a display panel which is
divided into a plurality of blocks and displays an input
image, a driving unit which applies a driving voltage to
the display panel, and a controller which controls the driv-
ing unit to drive the display panel over a first light emitting
period, a second light emitting period, and a third light

emitting period, wherein, during the first light emitting pe-
riod, the controller controls pixel lines of a first axis direc-
tion on the display panel emit light on a line basis in se-
quence, during the second light emitting period, the con-
troller controls pixel lines of a second axis direction in-
cluded in each block group, comprising at least two
blocks of the plurality of blocks, emit light on a line basis
in sequence with respect to all of the block groups, and
during the third light emitting period, the controller con-
trols pixels included in each block of the plurality of blocks
to emit light at a time on a block basis in sequence with
respect to all of the blocks.
[0022] The controller may further control the driving
unit to drive the display panel over a fourth light emitting
period during which all of pixels included in the plurality
of blocks on the display panel emit light at the same time
a predetermined number of times.
[0023] The controller may control the display panel to
be driven in an order of the first light emitting period, the
fourth light emitting period, the second light emitting pe-
riod, and the third light emitting period.
[0024] The first axis direction may be an x-axis direc-
tion with respect to the display panel, and the second
axis direction may be a y-axis direction with respect to
the display panel.
[0025] The light emitted during the first light emitting
period, the second light emitting period, and the third light
emitting period may be infrared light.
[0026] The display apparatus may be a plasma display
panel (PDP) display apparatus.
[0027] As described above, according to the exempla-
ry embodiments, the pointing device and the display ap-
paratus which correct an error occurring when calculating
a current location in a boundary between blocks and cal-
culate a current location are provided so that the error
occurring in the inter-block boundary in calculating the
location of the pointing device can be prevented.
[0028] Additional aspects and advantages of the ex-
emplary embodiments will be set forth in the detailed de-
scription, will be obvious from the detailed description,
or may be learned by practicing the exemplary embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0029] The above and/or other aspects will be more
apparent by describing in detail exemplary embodi-
ments, with reference to the accompanying drawings, in
which:
[0030] FIG. 1 is a view illustrating a pointing system
according to an exemplary embodiment;
[0031] FIG. 2 is a block diagram illustrating a pointing
device according to an exemplary embodiment;
[0032] FIG. 3 is a block diagram illustrating a television
(TV) according to an exemplary embodiment;
[0033] FIG. 4 is a schematic view illustrating a driving
unit and a display panel according to an exemplary em-
bodiment;
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[0034] FIG. 5 is view illustrating pixels arranged on a
display panel in an x-axis direction and emitting infrared
light line by line according to an exemplary embodiment;
[0035] FIG. 6 is a view illustrating pixels arranged on
a display panel in a y-axis direction and emitting infrared
light line by line according to an exemplary embodiment;
[0036] FIG. 7 is a flowchart illustrating a process of
driving a TV according to an exemplary embodiment;
[0037] FIG. 8 is a flowchart illustrating a process of
calculating a current location of a pointing device accord-
ing to an exemplary embodiment;
[0038] FIG. 9 is a view illustrating a period of an optical
signal output from a TV according to an exemplary em-
bodiment;
[0039] FIG. 10 is a view illustrating a structure of block
groups and blocks of a display panel according to an
exemplary embodiment;
[0040] FIG. 11 is a view illustrating a process of driving
a display panel according to an exemplary embodiment;
[0041] FIG. 12A is view illustrating a pointing device
located at a boundary between blocks according to an
exemplary embodiment;
[0042] FIG. 12B is a view illustrating examples of sig-
nals sensed from the boundary between the blocks ac-
cording to an exemplary embodiment; and
[0043] FIG. 13 is a view illustrating a location calculat-
ed before error correction is made and a location calcu-
lated after error correction is made according to an ex-
emplary embodiment.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0044] Hereinafter, exemplary embodiments will be
described in greater detail with reference to the accom-
panying drawings.
[0045] In the following description, same reference nu-
merals are used for the same elements when they are
depicted in different drawings. The matters defined in the
description, such as detailed construction and elements,
are provided to assist in a comprehensive understanding
of the exemplary embodiments. Thus, it is apparent that
the exemplary embodiments can be carried out without
those specifically defined matters. Also, functions or el-
ements known in the related art are not described in detail
since they would obscure the exemplary embodiments
with unnecessary detail.
[0046] FIG. 1 is a view illustrating a pointing system
according to an exemplary embodiment. As shown in
FIG. 1, the pointing system includes a pointing device
100 and a television (TV) 200.
[0047] The pointing system, which is a kind of elec-
tronic pen and display system, displays images, texts,
and graphics on a screen area desired by a user accord-
ing user’s manipulation, and is generally used for meet-
ing, presentation, lecture, learning, and game.
[0048] The pointing device 100 is a means for inputting
user’s manipulation. Therefore, the user manipulates the

pointing device 100 on the screen of the TV 200, thereby
allowing contents, such as images, desired by the user
to be displayed on a screen area according to user’s ma-
nipulation.
[0049] For example, if the user holds the pointing de-
vice 100 and controls the pointing device 100 to approach
or touch a desired screen area, the TV 200 displays im-
ages, texts, and graphics on the approached or touched
area. Therefore, the user can select a desired point on
the screen of the TV 200 using the pointing device 100.
Also, the user can input desired letters or figures on the
screen of the TV 200 using the pointing device 100 like
a pen.
[0050] In the pointing system according to an exem-
plary embodiment, when the pointing device 100 ap-
proaches or touches the TV 200, the pointing device 100
senses a signal output from the TV 200. Then, the point-
ing device 100 transmits the sensed current location in-
formation to the TV 200 such that the TV 200 determines
the location of the pointing device 100 on the screen on
a real time basis based on the received current location
information.
[0051] The TV 200 is a kind of display apparatus, and,
more specifically, a kind of display apparatus using a
plasma display panel (PDP) to which a plasma method
is applied. The TV 200 processes an image received by
wire or wirelessly, and displays the image on the screen.
The TV 200 operates in association with the pointing de-
vice 100, and is used as an electronic board to display
diverse functions on the screen according to user’s ma-
nipulation using the pointing device 100.
[0052] According to an exemplary embodiment, the TV
200 generates and outputs an optical signal for sensing
the pointing device 100 approaching so that the pointing
device 100 senses the current location. The optical signal
is an infrared light optical signal, according to an exem-
plary embodiment. If the infrared light is used as an op-
tical signal, the TV 200 is able to output the optical signal
for sensing the location of the pointing device without
interfering a displayed original image.
[0053] If the pointing device 100 generates current lo-
cation information of the pointing device 100 on the
screen using the sensed signal, and transmits the current
location information to the TV 200, the TV 200 receives
the location information from the pointing device 100. The
TV 200 displays images, texts, and graphics on a screen
area corresponding to the received location information,
or performs a function relating to the screen area corre-
sponding to the received location information (for exam-
ple, a function of selecting a pointed area).
[0054] The process of generating the current location
information of the pointing device 100 by the pointing
device 100, and the process of outputting the optical sig-
nal by the TV 200 will be explained in detail below.
[0055] Although the TV 200 has been explained as an
exemplary display apparatus used as an electronic board
in the above, this is merely an example for convenience
of explanation. The present disclosure may be applied
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to another type of display apparatus such as a monitor.
The same is applied to the following explanation.
[0056] FIG. 2 is a block diagram illustrating the pointing
device 100 according to an exemplary embodiment. In
FIG. 2, the pointing device 100 is shown along with the
TV 200 for convenience of explanation. As shown in FIG.
2, the pointing device 100 includes an optical sensor 110,
an amplifying/filtering unit 120, a controller 130, a com-
munication unit 140, and a storage unit 150.
[0057] The optical sensor 110 senses optical signals
of a specific frequency range. If the optical signals are
infrared signals, the optical sensor 110 senses infrared
signals. The optical sensor 110 is located where light
output from the TV 200 enters, and senses infrared sig-
nals emitted from a part of the screen area of the TV 200.
The optical sensor 110 transmits the sensed infrared sig-
nals to the amplifying/filtering unit 120.
[0058] The amplifying/filtering unit 120 amplifies the
infrared signals sensed by and transmitted from the op-
tical sensor 110, removes a noise from the amplified sig-
nals, and re-amplifies the signals so that the noise-re-
moved signals have a clear pitch in a waveform. The re-
amplified signals are applied to the controller 130.
[0059] The controller 130 controls overall operation of
the pointing device 100. In particular, the controller 130
extracts signals from the re-amplified signals that have
a level greater than or equal to a predetermined thresh-
old. The controller 130 compares patterns of these sig-
nals with a reference signal pattern stored in the storage
unit 150, which will be described later. The controller 130
calculates a current location of the pointing device 100
corresponding to a location pointed by the pointing device
100 on the screen of the TV 200, based on points of time
when the optical signals are sensed by the optical sensor
110.
[0060] More specifically, the controller 130 compares
the patterns of the signals having a level greater than or
equal to the threshold among the re-amplified optical sig-
nals with the reference signal pattern stored in the stor-
age unit 150. If there is a signal having a pattern identical
to the reference signal pattern among the signals having
the level greater than or equal to the threshold, the con-
troller 130 determines the point of time at which the cor-
responding signal is sensed to be a point of time at which
a reference signal is sensed. Also, the controller 130 cal-
culates time differences between the point of time at
which the reference signal is received and the points of
time at which the re-amplified optical signals are re-
ceived, and generates the location information of the
pointing device 100 using the time differences.
[0061] The controller 130 calculates the current loca-
tion information of the pointing device 100 using a plu-
rality of blocks formed on the screen of the TV 200. More
specifically, the controller 130 calculates points of time
at which a first optical signal, a second optical signal, and
a third optical signal are sensed with reference to the
point of time at which the reference signal is sensed. The
first optical signal is for calculating a y-coordinate of the

pointing device 100, the second optical signal is for cal-
culating a location of a block to which an x-coordinate of
the pointing device 100 belongs, and the third optical
signal is for calculating an x-coordinate of the pointing
device 100 within a block group including at least two
blocks.
[0062] The block is a basis on which the screen area
of the TV 200 is divided into a plurality of areas in an x-
axis direction. That is, the screen of the TV 200 (that is,
the display panel of the TV 200) is divided into a plurality
of blocks. The block group is a unit including at least two
blocks. The block groups and the blocks of the display
panel of the TV 200 will be described in detail with refer-
ence to FIG. 10.
[0063] The controller 130 calculates a y-coordinate of
a current location of the pointing device 100 based on
the point of time at which the first optical signal is sensed,
calculates information about a location of a block to which
an x-coordinate of the pointing device 100 belongs (here-
after "first location information" corresponding to block
location information), based on the point of time at which
the second optical signal is sensed, and calculates infor-
mation about a location within a block group including at
least two blocks (hereafter "second location information"
corresponding to information about a location within a
block group), based on the point of time at which the third
optical signal is sensed. Also, the controller 130 calcu-
lates an x-coordinate of the current location based on the
first location information and the second location infor-
mation. More specifically, the controller 130 calculates
the x-coordinate by applying the block location informa-
tion, corresponding to the first location information, and
the information about the location within the block group,
corresponding to the second location information, to the
table shown in FIG. 10. The process of calculating the x-
coordinate will be explained in detail with reference to
FIG. 10.
[0064] The controller 130 determines whether there is
an error in the calculated x-coordinate, that is, an error
in calculating a current location in a boundary between
the blocks. If it is determined that there is an error, the
controller 130 corrects the error.
[0065] More specifically, if the location within the block
group corresponding to the second location information
does not correspond to a location of the block corre-
sponding to the first location information, it is determined
that an error of calculation of a current location occurs.
If it is determined that the error of calculation of a current
location occurs, the controller 130 changes the first lo-
cation information or the second location information to
correct the error.
[0066] There are four cases where an error occurs in
calculating a current location in a boundary of blocks,
i.e., an inter-block boundary, and four methods for cor-
recting the error, as described below.
[0067] As a first case, if a block corresponding to the
first location information is a first block of a specific block
group, and a location corresponding to the second loca-
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tion information is a location included in a final block of
the block group, it is determined that an error of calcula-
tion of a current location occurs. The controller 130
changes the first location information such that the block
corresponding to the first location information is changed
to a previous block.
[0068] For example, an explanation will be provided
with reference to FIG. 10. FIG. 10 illustrates the pointing
device 100 located at a boundary between block Xb22
and block Xb31. If the controller 130 senses that the first
location information is block Xb31 (the first block of block
group Xg3) and senses that the second location informa-
tion is location number 6, the controller 130 determines
that an error of calculation of a current location occurs
since block Xb31 includes only location numbers 1 to 3.
The controller 130 changes the first location information
such that the first location information indicates block
Xb22 which is a previous block of block Xb31. Then, since
block Xb22 includes location number 6, the controller 130
determines that the x-coordinate of the current location
of the pointing device 100 is X26 (that is, location number
6 of block group Xg2 (block Xb22)). Accordingly, the con-
troller 130 can correct the error in the x-coordinate of the
current location.
[0069] As a second case, if a block corresponding to
the first location information is a first block of a specific
block group and a location corresponding to the second
information is a location included in a final block of the
block group, it is determined that an error of calculation
of a current location occurs. Also, the controller 130
changes the second location information such that the
location corresponding to the second location informa-
tion is changed to a location included in the block corre-
sponding to the first location information.
[0070] For example, the second case will be explained
with reference to FIG. 10. FIG. 10 illustrates the pointing
device 100 located at the boundary between block Xb22
and Xb31. The controller 130 senses that the first location
information is block Xb31 (that is, a first block of block
group Xg3) and that the second location information is
location number 6, the controller 130 determines that an
error of calculation of a current location occurs since
block Xb31 includes only location numbers 1-3. The con-
troller 130 changes the second location information to
indicate location number 1. Then, since block Xb31 in-
cludes location number 1, the controller 130 determines
that the x-coordinate of the current location of the pointing
device 100 is X31 (that is, location number 1 of block
group Xg3 (block Xb31)). Accordingly, the controller 130
can correct the error in the x-coordinate of the current
location.
[0071] As a third case, if a block corresponding to the
first location information is a final block of a specific block
group and a location corresponding to the second loca-
tion information is a location included in a first block of
the block group, the controller 130 determines that an
error of calculation of a current location occurs. The con-
troller 130 changes the first location information such that

the block corresponding to the first location information
is changed to a next block.
[0072] For example, the third case will be explained
with reference to FIG. 10. FIG. 10 illustrates the pointing
device 100 located at the boundary between blocks Xb22
and Xb31. If the controller 130 senses that the first loca-
tion information is block Xb22 (that is, a final block of
block group Xg2) and that the second location informa-
tion is location number 1, the controller determines that
an error of calculation of a current location occurs since
block Xb22 includes only location numbers 4-6. The con-
troller 130 changes the first location information such that
the first location information indicates block Xb31 which
is the next block of block Xb22. Then, since block Xb31
includes location number 1, the controller 130 determines
that the x-coordinate of the current location of the pointing
device 100 is X31 (that is, location number 1 of block
group Xg3 (block Xb31)). Accordingly, the controller 130
can correct the error in the x-coordinate of the current
location.
[0073] As a fourth case, if a block corresponding to the
first location information is a final block of a specific block
group and a location corresponding to the second loca-
tion information is a location included in a first block of
the block group, the controller 130 determines that an
error of calculation a current location occurs. The con-
troller 130 changes the second location information such
that the location corresponding to the second location
information is changed to a location included in the block
corresponding to the first location information.
[0074] For example, the fourth case will be explained
with reference to FIG. 10. FIG. 10 illustrates the pointing
device 100 located at the boundary between block Xb22
and block Xb31. If the controller 130 senses that the first
location information is block Xb22 (that is, a final block
of block group Xg2) and that the second location infor-
mation is location number 1, the controller 130 deter-
mines that an error of calculation of a current location
occurs since block Xb22 includes only location numbers
4-6. The controller 130 changes the second location in-
formation to indicate location number 6. Then, since
block Xb22 includes location number 6, the controller de-
termines that the x-coordinate of the current location of
the pointing device 100 is X26 (that is, location number
6 of block group Xg2 (block Xb22)). Therefore, the con-
troller 130 can correct the error in the x-coordinate of the
current location.
[0075] As described above, the controller 130 can cor-
rect the error which occurs when the current location of
the pointing device 100 is near to the boundary area be-
tween the blocks or on the boundary area. That is, the
pointing device 100 according to an exemplary embodi-
ment can correct the error occurring in the calculated x-
coordinate.
[0076] The controller 130 transmits the calculated cur-
rent location information or the corrected current location
information to the TV 200 through the communication
unit 140. The communication unit 140 transmits the cur-
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rent location information to the TV 200 using diverse wire-
less communication schemes such as wireless LAN or
Bluetooth.
[0077] The storage unit 150 stores a program or data
for operating the pointing device 100, and in particular,
stores the reference signal pattern to be compared with
the patterns of the signals having the level greater than
or equal to the threshold. For example, the storage unit
150 may store a reference signal pattern corresponding
to four signals generated at regular time intervals.
[0078] As described above, the pointing device 100
calculates its own current location on the screen of the
TV 200, and transmits the calculated location information
to the TV 200. Also, since the pointing device 100 can
correct the error occurring in the boundary area between
the blocks, the error occurring in the inter-block boundary
can be prevented, and the accuracy of calculating the
current location can be improved.
[0079] Hereinafter, the TV 200 will be explained in de-
tail with reference to FIG. 3.
[0080] FIG. 3 is a block diagram illustrating the TV 200
according to an exemplary embodiment. As shown in
FIG. 3, the TV 200 includes a video receiver 210, a video
processor 220, a driving unit 230, a display panel 240, a
communication unit 250, a controller 260, and a storage
unit 270. The TV 200 is illustrated along with the pointing
device 100 of FIG. 1 for convenience of explanation.
[0081] The video receiver 210 receives broadcast sig-
nals provided from a broadcasting station, video signals
provided from an external device connected by wire or
wirelessly, or video signals stored in a storage medium
disposed inside the TV 200. The video receiver 210 trans-
mits the received broadcast signals or video signals
(hereinafter, called "video signals") to the video proces-
sor 220.
[0082] The video processor 220 performs signal-
processing such as video separating, video decoding,
and video scaling with respect to the video signals output
from the video receiver 210. Also, the video processor
220 generates video signals based on data received from
the controller 260. In particular, the video processor 220
generates the video signals for displaying images, texts,
and graphics on a screen area corresponding to the lo-
cation of the pointing device 100, based on the location
data of the pointing device 100 which is received from
the controller 260. The video processor 220 transmits
the signal-processed video signals to the driving unit 230.
[0083] The driving unit 230 drives the display panel
240 to display an image corresponding to the received
video signals on the screen, and the display panel 240
is driven by the driving unit 230 to provide an image that
is viewable by a user. Detailed operation of the driving
unit 230 and the display panel 240 will be explained with
reference to FIG. 4.
[0084] The communication unit 250 is communicably
connected to the pointing device 100, and receives the
location information about the current location of the
pointing device 100 on the TV 200 from the pointing de-

vice 100. The location information includes x-coordinate
information and y-coordinate information regarding a
point of the display panel 240 where the pointing device
100 is located. The communication unit 250 transmits
the location information received from the pointing device
100 to the controller 260.
[0085] The controller 260 controls overall operation of
the TV 200. The controller 260 controls the video proc-
essor 220 to signal-process the video signals received
through the video receiver 210, and controls the driving
unit 230 to generate a driving voltage according to the
processed video signals and apply the driving voltage to
the display panel 240. Accordingly, the display panel 240
displays an image corresponding to the received video
signals.
[0086] Also, the controller 260 analyzes the location
information of the pointing device 100 received through
the communication unit 250, and generates a signal ac-
cording to the result of analysis, and transmits the signal
to the video processor 220. Accordingly, the video proc-
essor 220 generates the video signals for displaying im-
ages, texts, and graphics on the screen area correspond-
ing to the location of the pointing device 100 based on
the location information of the pointing device 100 re-
ceived from the controller 260.
[0087] For example, the controller 260 controls to dis-
play a point on the screen area corresponding to the lo-
cation information of the pointing device 100 at regular
time intervals. By doing so, the controller 260 can control
the pointing device 100 to serve as a pen for drawing a
desired image on the screen of the TV 200.
[0088] Also, the controller 260 controls the driving unit
230 to transmit the driving voltage generated by the driv-
ing unit 230 to the display panel 240. By doing so, the
controller 260 controls the driving unit 230 to display the
input image on the display panel 240.
[0089] In addition, the controller 260 controls the dis-
play panel 240 to emit an infrared ray signal for the point-
ing device 100. More specifically, the controller 260 al-
locates a specific period of time for emitting the infrared
signal for the pointing device 100 in the intervals when
displaying the input image. Accordingly, the TV 200 is
able to calculate the location of the pointing device 100
while the image is being displayed.
[0090] More specifically, the controller 260 controls the
display panel 240 to emit infrared light in a period includ-
ing a Y light emitting period, a reference signal light emit-
ting period, an X2 light emitting period, and an Xb light
emitting period in sequence. The Y light emitting period
is a period during which pixel lines of an x-axis direction
on the display panel emit light on a line basis in sequence.
The reference signal light emitting period is a period dur-
ing which all pixels on the display panel emit light simul-
taneously a predetermined number of times. Also, the
X2 light emitting period is a period during which pixel
lines of a y-axis direction included in each block group
emits light one by one in sequence for all of the block
groups. Also, the Xb light emitting period is a period dur-
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ing which pixels included in each block emit light simul-
taneously in the order of blocks.
[0091] This will be explained with reference to FIG. 9.
As shown in FIG. 9, infrared light for calculating the lo-
cation of the pointing device 100 are emitted in the four
periods. More specifically, FIG. 9 illustrates the Y light
emitting period, the reference signal light emitting period,
the X2 light emitting period, and the Xb light emitting pe-
riod. Also, the reference signal refers to an optical signal
that is generated four times repeatedly at regular time
intervals. However, apart from this pattern, the reference
signal may be of any pattern that can be recognized by
the pointing device 100.
[0092] The controller 260 allocates infrared light emit-
ting periods as shown in FIG. 9 in a predetermined period
constituting one frame of an image.
[0093] The storage unit 270 stores diverse programs
and data necessary for the operation of the TV 200.
[0094] FIG. 4 is a schematic view illustrating the driving
unit 230 and the display panel 240 according to an ex-
emplary embodiment. For convenience of explanation,
the controller 260 is illustrated in addition to the driving
unit 230 and the display panel 240. As shown in FIG. 4,
the driving unit 230 includes an address driving unit 231,
an X-electrode driving unit 233, and a Y-electrode driving
unit 235.
[0095] The display panel 240 includes a plurality of ad-
dress electrodes A1∼An arranged in a vertical direction,
and a plurality of X electrodes X1∼Xn and a plurality of
Y-electrodes Y1∼Yn arranged in a horizontal direction in
pairs. The X-electrodes are arranged to correspond to
the Y-electrodes.
[0096] Also, the display panel 240 includes a substrate
(not shown) on which the X-electrodes and the Y-elec-
trodes are arranged, and a substrate (not shown) on
which the address electrodes are arranged. The two sub-
strates face each other leaving a discharge space ther-
ebetween so that the Y-electrodes and the X-electrodes
lie at right angles to the address electrodes. The dis-
charge space formed at the intersecting point of the ad-
dress electrodes and the X-electrodes and the Y-elec-
trodes forms a discharge cell.
[0097] The address driving unit 231 receives an ad-
dress electrode driving signal from the controller 260,
and applies an address driving voltage to each address
electrode in order to select a discharge cell to be dis-
played.
[0098] Also, the address driving unit 231 applies the
address driving voltage to each line of the display panel
240 in sequence in a specific sub-field section so that
the infrared signals can be sensed from a surface of the
display panel 240.
[0099] The X-electrode driving unit 233 receives an X-
electrode driving control signal from the controller 260
and applies a driving voltage to the X-electrodes. The Y-
electrode driving unit 235 receives a Y-electrode driving
control signal from the controller 260 and applies a driving
voltage to the Y-electrodes. Accordingly, the X-electrode

driving unit 233 and the Y-electrode driving unit 235 re-
ceive the driving control signals from the controller 260
and inputs the driving voltage to the X-electrodes and
the Y-electrodes alternately, thereby performing a sus-
tain discharge with respect to a selected discharge cell.
[0100] The Y-electrode driving unit 235 applies a Y-
electrode driving voltage to each line of the display panel
240 in sequence in a specific sub-field section so that
infrared signals can be sensed from the surface of the
display panel 240.
[0101] The display panel 240 is driven in the way as
described above.
[0102] FIG. 5 is a view illustrating pixel lines of an x-
axis direction on the display panel 240 which emit infrared
light on a line basis according to an exemplary embodi-
ment. As shown in FIG. 5, the TV 200 controls pixel lines
of the x-axis direction to emit light one by one so that the
pointing device 100 can sense a y-coordinate.
[0103] FIG. 6 is a view illustrating pixel lines of a y-axis
direction on the display panel which emit infrared light on
a line basis. As shown in FIG. 6, the TV 200 controls the
pixel lines of the y-axis direction to emit light one by one
so that the pointing device 100 can sense an x-coordi-
nate. The TV 200 may emit infrared light on a block basis
so that the pointing device 100 can sense the x-coordi-
nate.
[0104] Hereinafter, the operations of the pointing de-
vice 100 and the TV 200 will be explained in detail with
reference to FIGs. 7 and 8. FIG. 7 is a flowchart illustrating
a driving process of the TV 200 according to an exem-
plary embodiment.
[0105] The TV 200 displays an input image (S710).
The TV 200 emits infrared light for the pointing device
between periods for displaying one frame. The TV 200
emits the infrared light during each period of a Y light
emitting period, a reference signal light emitting period,
an X2 light emitting period, and an Xb light emitting period
in sequence.
[0106] More specifically, the TV 200 controls the pixel
lines of an x-axis direction on the display panel to emit
light one by one during the Y light emitting period (S720).
After that, the TV 200 controls all of the pixels on the
display panel to emit light simultaneously a predeter-
mined number of times during the reference signal light
emitting period (S730). Next, the TV 200 controls the
pixel lines of a y-axis direction included in each block
group to emit light one by one in sequence with respect
to all of the block groups during the X2 light emitting pe-
riod (S740). Finally, the TV 200 controls the pixels includ-
ed in each block to emit light at a time on a block basis
in sequence with respect to all of the bocks during the
Xb light emitting period (S750).
[0107] Through the above-described process, the TV
200 emits infrared light so that the pointing device 100
can calculate a current location.
[0108] Hereinafter, the operation of the pointing device
100 will be explained with reference to FIG. 8. FIG. 8 is
a flowchart illustrating a process of calculating a current
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location of the pointing device 100 according to an ex-
emplary embodiment.
[0109] The pointing device 100 senses a first optical
signal, a reference signal, a second optical signal, and a
third optical signal through the optical sensor 110 (S810).
The pointing device 100 identifies whether the pattern of
the sensed reference signal is identical to a stored ref-
erence signal pattern and determines a point of time
when the reference signal is sensed.
[0110] After that, the pointing device 100 calculates a
time difference of each of the first optical signal, the sec-
ond optical signal, and the third optical signal over the
time when the reference signal is sensed, thereby calcu-
lating a point of time when each of the first optical signal,
the second optical signal, and the third optical signal is
sensed with reference to the reference signal (S820).
[0111] The pointing device 100 calculates a y-coordi-
nate of a current location of the pointing device 100 based
on the point of time of sensing the first optical signal
(S830). The pointing device 100 calculates the first loca-
tion information (that is, block location information) indi-
cating a location of a block to which an x-coordinate of
the pointing device 100 belongs, based on the point of
time of sensing the second optical signal (S840). The
pointing device 100 calculates second location informa-
tion (that is, information about a location within a block
group) indicating a location within a block group including
at least two blocks, based on the point of time of sensing
the third optical signal (S580).
[0112] The pointing device 100 calculates an x-coor-
dinate of the current location based on the first location
information and the second location information (S860).
More specifically, the pointing device 100 calculate the
x-coordinate by applying the block location information
according to the first location information and the location
information within the block according to the second lo-
cation information to the table shown in FIG. 10. The
process of calculating the x-coordinate will be explained
in detail with reference to FIG. 10.
[0113] After that, the pointing device 100 determines
whether there is an error in the calculated x-coordinate
(S870). If it is determined that there is an error in a bound-
ary between the blocks (S870-Y), the pointing device 100
changes the first location information (block location in-
formation) or the second location information (informa-
tion about a location within a block group), thereby cor-
recting the error (S880).
[0114] More specifically, if the location within the block
group corresponding to the second location information
does not correspond to the location included in the block
corresponding to the first location information, the point-
ing device 100 determines that there is an error of current
location in calculating the current location. If it is deter-
mined that there is an error of calculation of the current
location, the pointing device 100 changes the first loca-
tion information or the second location information, there-
by correcting the error.
[0115] There are four cases in which an error occurs

in a boundary between blocks, and four methods for cor-
recting the error are proposed. Detailed descriptions
thereof have been provided in the above explanation con-
cerning the pointing device 100 including the controller
130.
[0116] Through the above-described process, the
pointing device 100 is able to correct the error that occurs
in the x-coordinate of the pointing device 100. Accord-
ingly, the pointing device 100 can prevent an error from
occurring around the inter-block boundary and can im-
prove the accuracy of calculating the current location.
[0117] Hereinafter, the infrared light emitting period will
be explained with reference to FIG. 9. FIG. 9 illustrates
a period of an optical signal output from the TV 200 ac-
cording to an exemplary embodiment.
[0118] As shown in FIG. 9, the infrared light emitting
period includes four periods, a Y light emitting period, a
reference signal emitting period, an X2 emitting period,
and an Xb emitting period.
[0119] The Y light emitting period is a period during
which pixel lines of an x-axis direction of the display panel
emit light one by one. The infrared light emitted during
the Y light emitting period is an optical signal that is used
in calculating a current y-coordinate of the pointing device
100.
[0120] The reference signal light emitting period is a
period during which all of the pixels on the display panel
emit light simultaneously a predetermined number of
times. The light emitted during the reference signal light
emitting period is an optical signal that is used for the
pointing device 100 to sense a reference signal.
[0121] The X2 light emitting period is a period during
which pixel lines of a y-axis direction included in each
block group emit light one by one in sequence with re-
spect to all of the block groups. The infrared light emitted
during the X2 light emitting period is an optical signal that
is used for calculating the location of a current x-coordi-
nate of the pointing device 100 within a block group.
[0122] The Xb light emitting period is a period during
which pixels included in each block emit light at a time
on a block basis in sequence with respect all of the blocks.
The infrared light emitted during the Xb light emitting pe-
riod is an optical that is used for calculating a block to
which the current x-coordinate belongs.
[0123] As shown in FIG. 9, the reference signal may
be a signal of a pattern in which an optical signal is gen-
erated four times at regular time intervals. However, the
reference signal may be a signal of other pattern.
[0124] As described above, the TV 200 emits the in-
frared light for the pointing device 100 in the infrared light
emitting periods while displaying an image.
[0125] The pointing device 100 senses the infrared
light emitted from the TV 200. Since all of the pixels emit
the infrared light during the reference signal light emitting
period, the pointing device 100 senses all of the four in-
frared light signals emitted during the reference signal
light emitting period. Therefore, if there is a signal that is
sensed four times at regular time intervals among the
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sensed optical signals, this signal is determined to be a
reference signal. Therefore, the pointing device 100 is
able to know a point of time when the reference signal is
sensed. According to an exemplary embodiment with ref-
erence to FIG. 9, when four infrared signals are emitted
during the reference signal light emitting period, these
four infrared signals are reference signals, and points of
time R1, R2, R3 and R4 are detected by the pointing
device 100.
[0126] Also, the pointing device 100 calculates points
of time A, B and C when the first optical signal, the third
optical signal, and the second optical signal are sensed
with reference to the points of time R1 through R4 of
sensing the reference signals. More specifically, the
pointing device 100 calculates at which point of time the
first optical signal is sensed within the Y light emitting
period, using a time difference Y between the point of
time R1 of sensing a first reference signal and the point
of time A of sensing the first optical signal. The pointing
device 100 calculates at which point of time the second
optical signal C is sensed within the Xb light emitting pe-
riod, using a time difference Xb between the point of time
R4 sensing a fourth reference signal and the point of time
C of sensing the second optical signal. Also, the pointing
device 100 calculates at which point of time the third op-
tical signal B is sensed within the X2 light emitting period,
using a time difference X2 between the point of time R4
of sensing the fourth reference signal and the point of
time B of sensing the third optical signal.
[0127] The pointing device 100 calculates the y-coor-
dinate of the current location using the point of time A of
sensing the first optical signal. Also, the pointing device
100 calculates a location of a block to which the current
x-coordinate of the pointing device 100 belongs using
the point of time C of sensing the second optical signal.
Also, the pointing device 100 calculates a location of the
x-coordinate within the block group using the point of time
of sensing B of sending the third optical signal. Accord-
ingly, the pointing device 100 is able to calculate the x-
coordinate of the current location using the block location
information and the information about a location within
the block group.
[0128] As described above, the TV 200 emits the in-
frared light in an appropriate form during the infrared light
emitting periods of FIG. 9, and the pointing device 100
senses the emitted infrared light, so that the pointing de-
vice 100 can calculate its own location.
[0129] FIG. 10 is a view illustrating block groups and
blocks of the display panel according to an exemplary
embodiment. In FIG. 10, the display panel consists of 24
pixels of the x-axis and 11 pixels of the y-axis. Pixel lines
of the y-axis direction (columns X11 through X46) are
classified into eight blocks (Xb11 through Xb42) and four
block groups (Xg1 through Xg4).
[0130] The block group recited herein refers to a basis
on which the pixels lines of the y-axis direction emit in-
frared light. That is, during the X2 light emitting period,
the TV 200 controls the pixel lines of the y-axis direction

included in one block group to emit infrared light in se-
quence. For example, in FIG. 10, one block group in-
cludes 6 pixel lines and four block groups are included
in total. Therefore, during the X2 light emitting period, the
TV 200 controls columns X11, X21, X31, X41 to emit light
at a time, controls columns X12, X22, X32, X42 to emit
light at a time, and so on, and finally controls columns
X16, X26, X36, X46 to emit light at a time. In other words,
during the X2 light emitting period, the light is emitted in
an order of: (X11, X21, X31, X41 ) [ (X12, X22, X32, X42)
[ (X13, X23, X33, X43) [ (X14, X24, X34, X44) [ (X15,
X25, X35, X45) [ (X16, X26, X36, X46).
[0131] Each group of three pixels lines of the y-axis
direction from the first pixel line (columns X11 through
X46) form one block. The block is a basis on which light
is emitted at a time during the Xb light emitting period.
Specifically, during the Xb light emitting period, the TV
200 controls all pixels included in block Xb11 to emit light
at a time, controls all pixels included in block Xb12 to
emit light at a time, and so on, and finally controls all
pixels included in block Xb42 to emit light at a time. Ac-
cordingly, during the Xb light emitting period, the light is
emitted in an order of: Xb11 [ Xb12 [ Xb21 [ Xb22 [ Xb31
[ Xb32 [ Xb41 [ Xb42.
[0132] As described above, by defining the block group
as a basis on which distanced lines emit light during the
X2 light emitting period, and defining the block as a basis
on which neighboring lines emit light during the Xb light
emitting period, the error occurring in the inter-block
boundary can be prevented as described above.
[0133] FIG. 11 is a view illustrating a process of driving
the display panel according to an exemplary embodi-
ment. As shown in FIG. 11, during the X2 light emitting
period, the TV 200 controls four lines each belonging to
each of block groups Xg1, Xg2, Xg3, Xg4 to emit light at
the same time. During the Xb light emitting period, the
TV 200 emits light on a block basis from blocks Xb11 to
Xb42.
[0134] FIG. 12A illustrates a pointing device which is
located at a boundary between blocks according to an
exemplary embodiment, and FIG. 12B illustrates exam-
ples of a signal sensed from an inter-block boundary ac-
cording to an exemplary embodiment.
[0135] As shown in FIG. 12A, if the pointing device 100
is located in a boundary 1200 between blocks Xb22 and
Xb31, the pointing device 100 senses infrared signals of
forms shown in FIG. 12B.
[0136] Graph (a) of FIG. 12B illustrates the same size
signal sensed from the blocks Xb22 and Xb31, graph (b)
illustrates a signal of block Xb22 which is smaller than a
signal of block Xb31, and graph (c) illustrates a signal of
block Xb22 which is larger than a signal of block Xb31.
[0137] If the pointing device 100 is located in the
boundary between the blocks as described above, sig-
nals are not clearly discriminated between the blocks,
and thus, there may be an error indicating misalignment
between the blocks and the pixel lines. However, such
an error in the inter-block boundary can be prevented
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according to the above exemplary embodiment.
[0138] FIG. 13 is a view illustrating a location calculat-
ed before error correction is made and a location calcu-
lated after error correction is made according to an ex-
emplary embodiment.
[0139] As shown in FIG. 13, if a related-art method for
calculating a location is used (1310), an error deviated
from a inter-block boundary 1300 as much as one block
occurs. However, if the method of calculating the location
according to the present disclosure is used (S1320), the
line is continuously connected without an error.
[0140] The foregoing exemplary embodiments and ad-
vantages are merely exemplary and are not to be con-
strued as limiting the present inventive concept. The ex-
emplary embodiments can be readily applied to other
types of apparatuses. Also, the description of the exem-
plary embodiments is intended to be illustrative, and not
to limit the scope of the claims, and many alternatives,
modifications, and variations will be apparent to those
skilled in the art.

Claims

1. A pointing device which operates in association with
a display apparatus, the pointing device comprising:

an optical sensor which senses a plurality of op-
tical signals; and
a controller which calculates a current location
pointed by the pointing device on a screen of
the display apparatus divided into a plurality of
blocks, based on points of time at which the plu-
rality of optical signals are sensed by the optical
sensor on the screen of the display apparatus,
wherein the controller calculates the current lo-
cation using the plurality of blocks, and corrects
a location error that occurs when the current lo-
cation pointed by the pointing device is located
adjacent to an boundary area between at least
two adjacent blocks among the plurality of
blocks.

2. The pointing device as claimed in claim 1, wherein
the plurality of optical signals comprise first, second
and third optical signals,
wherein the controller:

calculates a first axis coordinate of the current
location based on a first point of time at which
the first optical signal is sensed;
calculates first location information indicating a
location of a block, among the plurality of blocks,
to which a second axis coordinate of the pointing
device belongs, based on a second point of time
at which the second optical signal is sensed;
calculates second location information indicat-
ing a location within a block group comprising

at least two adjacent blocks among the plurality
of blocks, based on a third point of time at which
the third optical signal is sensed; and
calculates the second axis coordinate of the cur-
rent location based on the first location informa-
tion and the second location information.

3. The pointing device as claimed in claim 2, wherein,
if the location within the block group corresponding
to the second location information does not corre-
spond to the location of the block corresponding to
the first location information, the controller deter-
mines that the location error has occurred.

4. The pointing device as claimed in claim 3, wherein,
if it is determined that the location error has occurred,
the controller changes the first location information
or the second location information, thereby correct-
ing the error.

5. The pointing device as claimed in claim 4, wherein,
if the block corresponding to the first location infor-
mation is a first block of a specific block group and
the location corresponding to the second location
information is a location included in a final block of
the block group, the controller determines that the
location error has occurred and changes the first lo-
cation information so that the block corresponding
to the first location information is changed to a pre-
vious block.

6. The pointing device as claimed in claim 4, wherein,
if the block corresponding to the first location infor-
mation is a first block of a specific block group and
the location corresponding to the second location
information is a location included in a final block of
the block group, the controller determines that the
location error has occurred and changes the second
location information so that the location correspond-
ing to the second location information is changed to
a location included in the block corresponding to the
first location information.

7. The pointing device as claimed in claim 4, wherein,
if the block corresponding to the first location infor-
mation is a final block of a specific block group and
the location corresponding to the second location
information is a location included in a first block of
the block group, the controller determines that the
location error has occurred and changes the first lo-
cation information so that the block corresponding
to the first location information is changed to a next
block.

8. The pointing device as claimed in claim 4, wherein,
if the block corresponding to the first location infor-
mation is a final block of a specific block group and
the location corresponding to the second location
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information is a location included in a first block of
the block group, the controller determines that the
location error has occurred and changes the second
location information so that the location correspond-
ing to the second location information is changed to
a location included in the block corresponding to the
first location information.

9. The pointing device as claimed in claims 1 to 8,
wherein the plurality of optical signals are infrared
light.

10. The pointing device as claimed in claims 1 to 9, fur-
ther comprising a communication unit which trans-
mits information about the calculated current loca-
tion to the display apparatus.

11. A display apparatus, comprising:

a display panel which is divided into a plurality
of blocks and displays an input image;
a driving unit which applies a driving voltage to
the display panel; and
a controller which controls the driving unit to
drive the display panel over a first light emitting
period, a second light emitting period, and a third
light emitting period,
wherein, during the first light emitting period, the
controller controls pixel lines of a first axis direc-
tion on the display panel to emit light on a line
basis in sequence, during the second light emit-
ting period, the controller controls pixel lines of
a second axis direction included in each block
group, comprising at least two blocks of the plu-
rality of blocks, to emit light on a line basis in
sequence with respect to all of the block groups,
and during the third light emitting period, the con-
troller controls pixels included in each block of
the plurality of blocks to emit light at a time on a
block basis in sequence with respect to all of the
block.

12. The display apparatus as claimed in claim 11, where-
in the controller further controls the driving unit to
drive the display panel over a fourth light emitting
period during which all pixels included in the plurality
of blocks on the display panel emit light at the same
time a predetermined number of times.

13. The display apparatus as claimed in claim 12, where-
in the controller controls the display panel to be driv-
en in an order of the first light emitting period, the
fourth light emitting period, the second light emitting
period, and the third light emitting period.

14. The display apparatus as claimed in claims 11 to 13,
wherein the first axis direction is an x-axis direction
with respect to the display panel, and the second

axis direction is a y-axis direction with respect to the
display panel.

15. The display apparatus as claimed in claims 11 to 14,
wherein the light emitted during the first light emitting
period, the second light emitting period, and the third
light emitting period are infrared light.
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