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(54) POSITION MEASUREMENT DEVICE FOR MEASURING POSITION OF PEN AND METHOD FOR 
CONTROLLING SAME

(57) A position measurement device for measuring
the position of a pen is disclosed. The position measure-
ment device according to the present invention compris-
es: a first sub-loop unit having at least one loop for ap-
plying an electric current or measuring electromagnetic
field change; a second sub-loop unit having at least one
loop for measuring electromagnetic field change; and a
control unit for determining, as a transmission signal
transmitting loop, at least one loop in the first sub-loop
unit and applying the electric current to same and meas-
uring the position of the pen based on the electromag-
netic field change measured by each loop in the first sub-
loop unit and each loop in the second sub-loop unit.
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Description

Technical Field

[0001] The present invention relates generally to a po-
sition measurement device for measuring the position of
a pen and a method for controlling the same.

Background Art

[0002] Recently, due to the rapid growth of the market
related to smart phones and touch screens, related re-
search is in progress. In order to input instructions in re-
lation to a smart phone or a touch screen, a user may
put a body part or an Electromagnetic Induction (EI) pen
onto a certain position of a display to thereby input an
instruction or select an icon.
[0003] The contact of a user’s body part may be im-
plemented by a capacitive type touch screen. The touch
screen of a capacitive type generally includes a condens-
er between a transparent electrode and a transparent
electrode. When a user’s body part comes into contact
with a touch screen, the touch of the user’s body part is
sensed, based on the change in capacitance of the con-
denser.
[0004] In this case, it is difficult to make a precise input
in the capacitive type touch screen, because the contact
of the user’s body part onto the touch screen requires a
relatively wide contact area. In contrast, an EI type touch
screen has an advantage in that the operation can be
made in a small contact area.
[0005] In the EI type touch screen, a loop coil, which
is disposed in a circuit board, is applied with a voltage to
thereby generate an electromagnetic field, and the elec-
tromagnetic field is controlled to be transferred to an EI
pen. In this case, the EI pen includes a condenser and
a loop and emits an electromagnetic field having a pre-
determined frequency in response to the transferred
electromagnetic field.
[0006] The electromagnetic field emitted by the EI pen
is transferred to the loop coil of the circuit board, so the
position of where the EI pen approaches the touch screen
can be determined.
[0007] In the typical EI type touch screen, all loop coils
of the circuit board are supplied with an electrical current
for electromagnetic induction in order to apply the elec-
tromagnetic field to the EI pen. The supply of an electrical
current to the entire loop coils results in an increase in
power consumption. Particularly, power consumption in
the case of portable batteries of mobile devices may se-
verely inconvenience the user.
[0008] In addition, since high voltage capability devic-
es for applying an electric current having a great intensity
to all of the loop coils are necessary, there are problems
of an increase in the mounting area and high cost.

Detailed Description of the Invention

Technical Problem

[0009] The present invention has been made to ad-
dress the above-mentioned problems and disadvantag-
es, and to provide a position measurement device and a
control method thereof, by which some loops are used
as transmitting/receiving loops and other loops are used
as receiving loops.

Technical Solution

[0010] In accordance with an aspect of the present in-
vention, a position measurement device for measuring a
position of a pen is provided. The position measurement
device includes a first sub-loop unit that includes at least
one loop configured to apply an electrical current or
measuring an electromagnetic field change; a second
sub-loop unit that includes at least one loop configured
to measure the electromagnetic field change; and a con-
trol unit configured to determine at least one loop of the
first sub-loop unit as a transmission signal transmitting
loop to thereby apply the electrical current to the trans-
mission signal transmitting loop, and measure the posi-
tion of the pen based on the electromagnetic field change
measured by each of the at least one loop of the first sub-
loop unit and each of the at least one loop of the second
sub-loop unit.
[0011] In accordance with another aspect of the
present invention, a method of controlling a position
measurement device including a first sub-loop unit hav-
ing at least one loop for applying an electrical current and
measuring electromagnetic field change and a second
sub-loop unit having at least one loop for measuring elec-
tromagnetic field change includes determining at least
one loop of the first sub-loop unit as a transmission signal
transmitting loop; applying an electrical current to the de-
termined transmission signal transmitting loop; and
measuring the electromagnetic field change from the first
sub-loop unit and the second sub-loop unit to thereby
determine a position of a pen.

Advantageous Effects

[0012] Various embodiments of the present invention
can cope with the problems of an increase in power con-
sumption and a mounting area, and high costs due to the
supply of an electric current for transmission to all of the
loops.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 is a diagram of a position measurement device
according to an embodiment of the present inven-
tion;
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FIG. 2A is a block diagram of a position measure-
ment device according to an embodiment of the
present invention;
FIG. 2B is a block diagram of a position measure-
ment device according to an embodiment of the
present invention;
FIGs. 3A to 3D are diagrams illustrating a procedure
of detecting a position of a pen according to an em-
bodiment of the present invention;
FIGs. 4A to 4D are graphs showing intensities of
signals in the procedure of FIGs. 3A to3D;
FIG. 5 is a diagram illustrating a measurement of an
electromagnetic field change according to an em-
bodiment of the present invention;
FIGs. 6A and 6B are graphs of signals that are ap-
plied or measured to or in each loop according to an
embodiment of the present invention;
FIG. 7 is a flowchart illustrating a method of control-
ling a position measurement device for measuring
the position of a pen according to an embodiment of
the present invention;
FIG. 8 is a flowchart illustrating a method for control-
ling a position measurement device according to an
embodiment of the present invention; and
FIG. 9 is a diagram illustrating an operation of a po-
sition measurement device for measuring a position
of a pen according to an embodiment of the present
invention.

Mode for Carrying Out the Invention

[0014] Hereinafter, embodiments of the present inven-
tion are described in detail with reference to the accom-
panying drawings. It should be noted that the same ref-
erence numerals denote the same elements throughout
the drawings. Descriptions of well-known functions and
elements liable to obscure the present invention are omit-
ted.
[0015] FIG. 1 is a diagram of a position measurement
device according to an embodiment of the present inven-
tion.
[0016] The position measurement device includes a
first sub-loop unit 111, a second sub-loop unit 112, and
a control unit 120. The entire loops including the first and
the second sub-loop units 111 and 112 may be referred
to as a loop unit. In this case, the position measurement
device may be a smart phone or a tablet Personal Com-
puter (PC). Alternatively, the position measurement de-
vice may be a position measurement module included in
a smart phone or a tablet PC. It is obvious to those skilled
in the art that any device for measuring a position of a
coordinate indicating device, such as a pen, can be a
position measurement device.
[0017] As shown in FIG. 1, the first sub-loop unit 111
and the second sub-loop unit 112 are disposed to be
perpendicular to each other. Although a plurality of loops
included in the first sub-loop unit 111 or the second sub-
loop unit 112 is illustrated to be spaced apart from each

other, this is just for making a distinction between them.
Thus, the plurality of loops may be disposed to overlap
each other for a more accurate coordinate position meas-
urement of a pen.
[0018] The first sub-loop unit 111 extends lengthwise
along the y-axis rather than the x-axis, to be thereby used
for sensing a coordinate of the x-axis. The second sub-
loop unit 112 extends laterally along the x-axis rather
than the y-axis, to be thereby used for sensing a coordi-
nate of the y-axis.
[0019] Although the first sub-loop unit 111 and the sec-
ond sub-loop unit 112 are described to be a group com-
prised of the loops perpendicular to each other, it is mere-
ly an example,. Alternatively, the loops included in the
position measurement device may be divided into the
first sub-loop unit 111 and the second sub-loop unit 112
in various ways.
[0020] In this case, the first sub-loop unit 111 transmits
a transmission signal (hereinafter, TX signal) to a pen
and receives a reception signal (hereinafter, RX signal)
from the pen. Further, the second sub-loop unit 112 re-
ceives the RX signal from the pen. That is, the first sub-
loop unit 111 includes transmitting/receiving loops, and
the second sub-loop unit 112 includes receiving loops.
In this case, the reception of the RX signal by the second
sub-loop unit 112 is the operation of measuring an elec-
tromagnetic field change received from the pen. When
the RX signal is received from the pen, the second sub-
loop unit 112 measures the electromagnetic field change.
[0021] The first sub-loop unit 111 receives an electrical
current from the control unit 120 and applies the same
to one of the loops during a preset first period. For ex-
ample, the control unit 120 controls one switch, which is
connected to one loop of the first sub-loop unit 111, to
be turned on, and the other switches, which are connect-
ed to the other loops, to be turned off.
[0022] One loop of the first sub-loop unit 111 includes
an electromagnetic field and emits the same, based on
the applied current. In this case, the preset period may
be changed. Although the control unit 120 directly pro-
vides a current to the first sub-loop unit 111 in an em-
bodiment of the present invention, the control unit 120
controls an additional power supplying means to supply
a current to the first sub-loop unit 111. One loop that
induces the electromagnetic field of the first sub-loop unit
111 and emits the same may be referred to as a trans-
mission signal transmitting loop (hereinafter, TX trans-
mitting loop). In this case, the control unit 120 determines
two or more transmitting loops as the TX transmitting
loops.
[0023] The pen around the loop receives the electro-
magnetic field induced from one loop of the first sub-loop
unit 111 and emits the same. In this case, the pen is
described only as an example, and any means that is
able to receive and emit an electromagnetic field may be
adopted in the present invention.
[0024] Meanwhile, the loops of the second sub-loop
unit 112 are controlled to sense the electromagnetic field
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change of the loops. The loops of the second sub-loop
unit 112 sense the electromagnetic field change emitted
from the pen. Since the pen is able to emit the electro-
magnetic field transferred from the first sub-loop unit 111,
the electromagnetic field from the pen comes with a
change therein so the second sub-loop unit 112 senses
such a change in the electromagnetic field. The second
sub-loop unit 112 senses the electromagnetic field
change and determines a y-coordinate of the EI pen,
based on the intensity of the greatest sensed signal that
is sensed by the greatest signal loop and the intensities
of signals from the loops adjacent to the greatest signal
loop.
[0025] The second sub-loop unit 112 outputs the
sensed signals that are sensed by the other loops as well
as the signal of the greatest signal loop to the control unit
120, and the control unit 120 determines the peak point
based on the output result of the sensed signals from the
plurality of loops, to thereby determine the y-coordinate
of the pen more precisely.
[0026] As set forth above, the control unit 120 controls
to apply an electrical current to one loop of the first sub-
loop unit 111 and controls the second sub-loop unit 112
to sense the electromagnetic field change. That is, the
control unit 120 uses the second sub-loop unit 112 as a
sensing loop.
[0027] After the first period expires, the control unit 120
controls to apply an electrical current to one loop of the
first sub-loop unit 111 and controls the whole first sub-
loop unit 111 to sense the electromagnetic field change.
[0028] The pen receives an electromagnetic field from
one loop of the first sub-loop unit 111 and emits the same.
[0029] Each loop of the first sub-loop unit 111 senses
the electromagnetic field change emitted from the pen
and determines the x-coordinate of the pen based on the
intensity of the greatest sensed signal detected by the
greatest signal loop and the intensities of signals from
the loops adjacent to the greatest signal loop.
[0030] The first sub-loop unit 111 outputs the sensed
signals that are sensed by the other loops as well as the
signal of the greatest signal loop to the control unit 120,
and the control unit 120 determines the peak point based
on the output result of the sensed signals, to thereby
determine the x-coordinate of the pen.
[0031] As set forth above, for the second period, the
control unit 120 controls to apply an electrical current to
one loop of the first sub-loop unit 111 and controls the
first sub-loop unit 111 to sense the electromagnetic field
change. Afterward, the control unit 120 repeats the same
operation as that of the first period. Alternatively, the con-
trol unit 120 changes the TX transmitting loop, which ap-
plies an electrical current, to another loop of the first sub-
loop unit 111. For example, the control unit 120 deter-
mines the loop that is closest to the determined x-coor-
dinate of the pen as the TX transmitting loop.
[0032] The control unit 120 applies an electrical current
to the changed TX transmitting loop, and the TX trans-
mitting loop transmits the TX signal. The pen receives

the TX signal from the loop around the pen. Accordingly,
the pen receives the TX signal having a relatively great
intensity.
[0033] As set forth above, the first sub-loop unit 111
transmits the TX signal or receives the RX signal. Further,
the second sub-loop unit 112 does not transmit the TX
signal but receives the RX signal. Accordingly, the sec-
ond sub-loop unit 112 can adopt devices having a rela-
tively low voltage capability. Furthermore, each loop of
the first sub-loop unit 111 is connected to two switches
for transmitting and receiving. In contrast, each loop of
the second sub-loop unit 112 is connected to a single
switch for receiving, so the total number of switches can
decrease. In addition, unlike a device in which the entire
loops are applied with an electrical current, a single loop
is applied with an electrical current, which considerably
reduces power consumption.
[0034] As described above, after the second period ex-
pires, the control unit 120 repeats the same operation as
that of the first period. When the operation of the first
period is repeated, the greatest signal loop, which has
sensed the greatest sensed signal in the first sub-loop
unit 111 for the second period, is determined as the TX
transmitting loop to be thereby applied with an electrical
current.
[0035] When the first sub-loop unit 111 or the second
sub-loop unit 112 is controlled to sense an electromag-
netic field change, the control unit 120 controls the loops
of the first sub-loop unit 111 or the second sub-loop unit
112 to sense the electromagnetic field change by a group.
For example, it is assumed that the first sub-loop unit 111
is controlled to sense the electromagnetic field change
and the first sub-loop unit 111 includes 258 loops. In this
case, the control unit 120 divides the loops of the first
sub-loop unit 111 into six unit groups and controls each
group to sense the electromagnetic field change. The
electromagnetic field change is sensed by each loop.
Thus, if it takes time "t" for one loop to sense the elec-
tromagnetic field change, it will take time "258t" for all of
the loops to sense the electromagnetic field change. The
control unit 120 according to the present invention is able
to control to sense the electromagnetic field change by
each unit group, for example, six groups, so the electro-
magnetic field change can be sensed in a short period
of time, for example, in time "43t." In addition, the sensing
of the electromagnetic field change may be performed
several times since it takes a shorter period of time.
Therefore, it may bring about the effect that a Signal to
Noise Ratio (SNR) of the sensed signal increases.
[0036] FIG. 2A is a block diagram of a position meas-
urement device 200 according to an embodiment of the
present invention.
[0037] As shown in FIG. 2, the position measurement
device 200 includes a loop unit 210, a switching unit 220,
a driving unit 230, a control unit 240 and a signal process-
ing unit 250.
[0038] The loop unit 210 includes a first sub-loop unit
211 and a second sub-loop unit 212. Each of the first
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sub-loop unit 211 and the second sub-loop unit 212 in-
clude a plurality of loops, and the loops of the first sub-
loop unit 211 and the second sub-loop unit 212 are dis-
posed to be perpendicular to each other.
[0039] The switching unit 220 applies an electrical cur-
rent from the driving unit 230 to one TX transmitting loop
of the first sub-loop unit 211 under the control of the con-
trol unit 240.
[0040] The driving unit 230 generates and supplies an
electrical current to the switching unit 220. It should be
understood by those skilled in the art that any means for
storing a predetermined amount of power and generating
an electrical current having a preset intensity may be
adopted as the driving unit 230.
[0041] The switching unit 220 connects the TX trans-
mitting loop of the first sub-loop unit 211 with the driving
unit 230 under the control of the control unit 240. Further,
when the supply of an electrical current to the TX trans-
mitting loop is finished, the switching unit 220 discon-
nects the TX transmitting loop from the driving unit 230.
Then, the switching unit 220 connects each sensing loop
with the control unit 240. For example, in the case in
which the first sub-loop unit 211 is used as the sensing
loop, the switching unit 220 connects each of the loops
of the first sub-loop unit 211 with the control unit 240 one
by one. Alternatively, in the case in which the second
sub-loop unit 212 is used as the sensing loop, the switch-
ing unit 220 connects each of the loops of the second
sub-loop unit 212 with the control unit 240 one by one.
Alternatively, the switching unit 220 simultaneously sens-
es a plurality of loops of the first sub-loop unit 211, which
is described in detail below. The switching unit 220 con-
nects the loops of the sub-loop unit that sense the elec-
tromagnetic field change with the signal processing unit
250 by each group.
[0042] The signal processing unit 250 processes the
input sensed signals in the form of signals that can be
processed by the control unit 240 and outputs the same
to the control unit 240.
[0043] The sensed signals that have been processed
by the signal processing unit 250 are output to the control
unit 240, and the control unit 240 determines the coordi-
nates of the pen, based on the sensed signals from each
loop of the sub-loop unit that senses the electromagnetic
field change in the loop unit 210. The control unit 240
may be implemented in the form of a micro-processor,
an Integrated Circuit (IC), a Central Processing Unit
(CPU) or a mini-computer.
[0044] FIG. 2B is a block diagram of a position meas-
urement device 200 according to an embodiment of the
present invention. Unlike the position measurement de-
vice of FIG.2A, the position measurement device 200 of
FIG. 2B does not include the signal processing unit 250.
The position measurement device 200 of FIG. 2A per-
forms an analog signal analysis with respect to the
sensed signals independently of the control unit 240,
while the position measurement device of FIG. 2B per-
forms the analog signal analysis in the control unit 241.

[0045] FIGs. 3A to 3D are diagrams illustrating a pro-
cedure of detecting a position of a pen according to an
embodiment of the present invention. In the embodiment
of the present invention shown in FIG. 3A, the position
measurement device includes the first sub-loop unit and
the second sub-loop unit. The first sub-loop unit includes
loops X1, X2 and X3 for measuring the x-coordinate of
the pen position. The second sub-loop unit includes loops
Y1, Y2 and Y3 for measuring the y-coordinate of the pen
position. In this case, the first sub-loop unit is used for
TX signal transmission and RX signal reception, and the
second sub-loop unit is used only for RX signal reception.
[0046] The position measurement device determines
the loop X1 as the TX transmitting loop. For example,
the control unit may randomly determine one of the loops
of the first sub-loop unit as the TX transmitting loop. The
control unit applies an electrical current to the TX trans-
mitting loop X1. The TX transmitting loop X1 transmits
the TX signal 301. The pen 1 receives the transmitted
TX signal 301.
[0047] The pen 1 emits the RX signals 311, 312 and
313 in response to the received TX signal 301. The loop
Y1 of the second sub-loop unit receives the RX signal
311, and the loop Y2 thereof receives the RX signal 312.
Also, the loop Y3 of the second sub-loop unit receives
the RX signal 313.
[0048] The control unit determines the y-coordinate of
the position of the pen 1, based on the RX signals 311,
312 and 313 received by the loops Y1, Y2 and Y3, re-
spectively.
[0049] The graph of FIG. 4A shows a time sequence
in the procedure of FIG. 3A. In FIG. 4A, the control unit
applies an electrical current to the TX transmitting loop
X1. For example, the control unit controls the switching
unit to connect the TX transmitting loop X1 to the driving
unit.
[0050] Then, the control unit receives the RX signals
from the loops Y1, Y2 and Y3 one by one, and measures
the intensities thereof. In FIG. 3A, the pen 1 is positioned
relatively close to the loop Y2, so the intensity of the RX
signal from the loop Y2 is greater than the intensity of
the RX signals from the loops Y1 and Y3. In FIG. 4A, the
numbers labeled in the upper portion of the graph de-
notes the degree of each signal in order of intensity. In
FIG.4A, the electrical current applied to the loop X1 has
the greatest intensity. Then, the RX signals from the loops
Y2 and Y1 have the second and the third greatest inten-
sities, respectively, and the RX signal from the loop Y3
is the lowest in the intensity. Accordingly, the control unit
determines the position of the pen 1 based on the RX
signals from the loops. For example, the control unit de-
termines that the y-coordinate of the position of the pen
1 is in proximity to the loop Y2.
[0051] Then, as shown in FIG. 3B, the control unit ap-
plies an electrical current to the TX transmitting loop X1.
The TX transmitting loop X1 transmits the TX signal 321.
The pen 1 receives the transmitted TX signal 321.
[0052] In this case, the control unit changes the sens-
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ing loop for the first sub-loop unit rather than the second
sub-loop unit and uses the same.
[0053] The pen 1 emits the RX signals 331, 332 and
333 in response to the received TX signal 321. The loop
X1 of the first sub-loop unit receives the RX signal 331,
and the loop X2 and the loop X3 receives the RX signal
332 and the RX signal 333, respectively. The control unit
determines the x-coordinate of the position of the pen 1
based on the RX signals 331, 332 and 333 received by
the loops X1, X2 and X3.
[0054] The time sequence of the procedure in FIG. 3B
is shown in the graph of FIG.4B. In FIG.4B, the control
unit applies an electrical current to the TX transmitting
loop X1. For example, the control unit controls the switch-
ing unit to connect the TX transmitting loop X1 to the
driving unit.
[0055] The TX transmitting loop X1 transmits the TX
signal, based on the applied electrical current. Then, the
control unit receives the RX signals from the loops X1,
X2 and X3 in sequence and measures the same. In FIG.
3B, the pen 1 is positioned relatively close to the loop
X3, so the intensity of the RX signal from the loop X3 is
greater than the intensities of the RX signals from the
loops X1 and X2. In FIG. 4B, the numbers labeled in the
upper portion of the graph denotes the degree of each
signal in order of intensity. In FIG. 4B, the electrical cur-
rent applied to the loop X1 has the greatest intensity.
Then, the RX signals from the loops X3 and X2 have the
second and the third greatest intensities, respectively,
and the RX signal from the loop X1 is lowest in intensity.
Accordingly, the control unit determines the position of
the pen 1 based on the RX signals from the loops. For
example, the control unit determines that the x-coordi-
nate of the position of the pen 1 is in proximity to the loop
X3.
[0056] Then, as shown in FIG. 3C, the control unit
changes the TX transmitting loop from the loop X1 to the
loop X3. In the procedure of FIG. 3B, the control unit
determines that the pen 1 is relatively close to the loop
X3. Accordingly, the control unit changes the TX trans-
mitting loop for the loop X3. This is intended to allow the
pen 1 to receive the TX signal having a relatively greater
intensity. Since the pen 1 is positioned closer to the loop
X3 than the loop X1, it can receive the greater TX signal
from the loop X3 than that from the loop X1.
[0057] The pen 1 emits the RX signals 351, 352 and
353 in response to the received TX signal 341. The loop
Y1 of the second sub-loop unit receives the RX signal
351, and the loop Y2 and the loop Y3 receives the RX
signal 352 and the RX signal 353, respectively.
[0058] The control unit determines the y-coordinate of
the position of the pen 1 based on the RX signals 351,
352 and 353 received by the loops Y1, Y2 and Y3.
[0059] The time sequence of the procedure in FIG. 3C
is shown in the graph of FIG. 4C. In FIG. 4C, the control
unit applies an electrical current to the TX transmitting
loop X3. For example, the control unit controls the switch-
ing unit to connect the TX transmitting loop X3 to the

driving unit.
[0060] Then, the control unit receives the RX signals
from the loops Y1, Y2 and Y3 one by one and measures
the same. In FIG. 3C, the pen 1 is positioned relatively
close to the loop Y2, so the intensity of the RX signal
from the loop Y2 is greater than the intensity of the RX
signals from the loops Y1 and Y3. In FIG. 4C, the numbers
labeled in the upper portion of the graph denotes the
degree of each signal in order of intensity. In FIG. 4C,
the electrical current applied to the loop X3 has the great-
est intensity. Then, the RX signals from the loops Y2 and
Y1 have the second and the third greatest intensities,
respectively, and the RX signal from the loop Y3 is the
lowest in intensity. Accordingly, the control unit deter-
mines the position of the pen 1 based on the RX signals
from the loops. For example, the control unit determines
that the y-coordinate of the position of the pen 1 is in
proximity to the loop Y2.
[0061] Then, as shown in FIG. 3D, the control unit ap-
plies an electrical current to the TX transmitting loop X3.
The TX transmitting loop X3 transmits the TX signal 361.
The pen 1 receives the transmitted TX signal 361.
[0062] In this case, the control unit changes the sens-
ing loop for the first sub-loop unit rather than the second
sub-loop unit and uses the same.
[0063] The pen 1 emits the RX signals 371, 372 and
373 in response to the received TX signal 361. The loop
X1 of the first sub-loop unit receives the RX signal 371,
and the loop X2 and the loop X3 receive the RX signal
372 and the RX signal 373, respectively. The control unit
determines the x-coordinate of the position of the pen 1
based on the RX signals 371, 372 and 373 received by
the loops X1, X2 and X3.
[0064] The time sequence of the procedure in FIG. 3D
is shown in the graph of FIG. 4D. In FIG. 4D, the control
unit applies an electrical current to the TX transmitting
loop X3. For example, the control unit controls the switch-
ing unit to connect the TX transmitting loop X3 to the
driving unit.
[0065] The TX transmitting loop X3 transmits the TX
signal, based on the applied current. Then, the control
unit receives the RX signals from the loops X1, X2 and
X3 one by one and measures the same. In FIG. 3D, the
pen 1 is positioned relatively close to the loop X3, so the
intensity of the RX signal from the loop X3 is greater than
the intensities of the RX signals from the loops X1 and
X2. In FIG. 4D, the numbers labeled in the upper portion
of the graph denotes the degree of each signal in order
of intensity. In FIG. 4D, the electrical current applied to
the loop X3 has the greatest intensity. Then, the RX sig-
nals from the loops X3 and X2 have the second and the
third greatest intensities, respectively, and the RX signal
from the loop X1 is the lowest in intensity. Accordingly,
the control unit determines the position of the pen 1 based
on the RX signals from the loops. For example, the control
unit determines that the x-coordinate of the position of
the pen 1 is in proximity to the loop X3.
[0066] As described above, the first sub-loop unit for
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determining the x-coordinate of the position of the pen 1
transmits the TX signal or receives the RX signal. In ad-
dition, the second sub-loop unit for determining the y-
coordinate of the position of the pen 1 receives the RX
signal. The control unit determines one of the loops of
the first sub-loop unit as the TX transmitting loop to there-
by transmit the TX signal. Then, the control unit deter-
mines the position of the pen 1 based on the RX signals
received by the loops of the first and the second sub-loop
units. In the embodiment of the present invention shown
in FIGs. 3A to 3D, although the control unit measures the
RX signal of each loop of the second sub-loop unit and
then measures the RX signal of each loop of the first sub-
loop unit, it is merely an example. Alternatively, the con-
trol unit controls to simultaneously measure the electro-
magnetic field change by each group of the loops instead
of measuring the electromagnetic field change by each
loop of the sub-loop unit. Alternatively, the control unit
simultaneously measures the electromagnetic field
change of the loops of the first sub-loop unit and the sec-
ond sub-loop unit. These embodiments of the present
invention are described in detail below.
[0067] FIG. 5 is a diagram illustrating a measurement
of an electromagnetic field change according to an em-
bodiment of the present invention. FIG. 5 shows an em-
bodiment of the present invention in which the control
unit controls to simultaneously measure the electromag-
netic field change by each group of the loops rather than
measuring the electromagnetic field change by each of
a plurality of loops of the sub-loop unit. For the conven-
ience of explanation, FIG. 5 illustrates a configuration of
loops required to determine the x-coordinate of a position
of a pen.
[0068] As shown in FIG. 5, one end 511 of a loop X1,
one end 512 of a loop X5 and one end 513 of a loop X9
are connected to the first channel 510. Each of the loops
X1, X5 and X9 are connected or disconnected to or from
the first channel 510 according to the connection status
of a first switch 514. The other ends of the loops X1, X5
and X9 may be connected to a common terminal for a
ground.
[0069] One end 521 of a loop X2, one end 522 of a
loop X6 and one end 523 of a loop X10 are connected
to a second channel 520. Each of the loops X2, X6 and
X10 are connected or disconnected to or from the second
channel 520 according to the connection status of the
second switch 524. The other ends of the loops X2, X6
and X10 are connected to a common terminal for a
ground.
[0070] One end 531 of a loop X3, one end 532 of a
loop X7 and one end 533 of a loop X11 are connected
to the third channel 530. Each of the loops X3, X7 and
X11 are connected or disconnected to or from the third
channel 530 according to the connection status of the
third switch 534. The other ends of the loops X3, X7 and
X11 are connected to a common terminal for a ground.
[0071] One end 541 of a loop X4, one end 542 of a
loop X8 and one end 543 of a loop X12 are connected

to the fourth channel 540. Each of the loops X4, X8 and
X12 are connected or disconnected to or from the fourth
channel 540 according to the connection status of the
fourth switch 544. The other ends of the loops X4, X8
and X12 are connected to a common terminal for a
ground.
[0072] The control unit simultaneously measures the
RX signals input to the first channel, the second channel,
the third channel and the fourth channel. For example,
the control unit controls to connect the first switch 514 to
one end 511 of the loop X1, the second switch 524 to
one end 521 of the loop X2, the third switch 534 to one
end 531 of the loop X3, and the fourth switch 544 to one
end 541 of the loop X4, respectively. Accordingly, the
control unit can shorten the time for measurement by four
times as compared to the case in which the RX signals
are measured one by one by each loop.
[0073] Then, the control unit controls to connect the
first switch 514 to one end 512 of the loop X5, the second
switch 524 to one end 522 of the loop X6, the third switch
534 to one end 532 of the loop X7, and the fourth switch
544 to one end 542 of the loop X8, respectively. Then,
the control unit controls to connect the first switch 514 to
one end 513 of the loop X9, the second switch 524 to
one end 523 of the loop X10, the third switch 534 to one
end 533 of the loop X11, and the fourth switch 544 to one
end 543 of the loop X12, respectively.
[0074] As set forth above, the control unit simultane-
ously measures the RX signals input to the channels from
the first to the fourth. That is, the control unit determines
the unit measurement range by making the sub-loop unit
into groups of a preset number of loops. For example,
the control unit determines the loops X1 to X4 as the first
group, the loops X5 to X8 as the second group, and the
loops X9 to X12 as the third group, respectively. The
control unit measures the intensities of the RX signals in
the first group, i.e., the loops X1 to X4, by simultaneously
measuring the first to the fourth channels.
[0075] The control unit changes the loops to be con-
nected to the first to the fourth channels from the loops
X1 to X4 to the loops X5 to X8. The control unit measures
the intensities of the RX signals in the second group, i.e.,
the loops X5 to X8, by simultaneously measuring the first
to the fourth channels. The control unit changes the loops
to be connected to the first to the fourth channels from
the loops X5 to X8 to the loops X9 to X12. The control
unit measures the intensities of the RX signals in the third
group, i.e., the loops X9 to X12, by simultaneously meas-
uring the first to the fourth channels. As describe above,
the control unit makes groups having a preset number
of loops to determine the unit measurement range. The
control unit measures the intensity of the RX signal by
the determined unit measurement range, so the time tak-
en for the measurement can be shortened.
[0076] FIGs. 6A and 6B are graphs of signals that are
applied or measured to or in each loop according to an
embodiment of the present invention.
[0077] The control unit applies an electrical current to
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the TX transmitting loop X1. For example, the control unit
controls the switching unit to connect the TX transmitting
loop X1 to the driving unit.
[0078] Then, the control unit simultaneously measures
the intensities of the RX signals corresponding to the first
channel, the second channel and the third channel. For
example, the control unit measures the intensity of the
RX signal corresponding to the loop Y1 in the first chan-
nel, the intensity of the RX signal corresponding to the
loop Y2 in the second channel, and the intensity of the
RX signal corresponding to the loop Y3 in the third chan-
nel, respectively.
[0079] In FIG. 6A, the numbers labeled in the upper
portion of the graph denotes the degree of each signal
in order of intensity. In FIG. 6A, the electrical current ap-
plied to the loop X1 has the greatest intensity. Then, the
RX signals from the loops Y2 and Y1 have the second
and the third greatest intensities, respectively, and the
RX signal from the loop Y3 is the lowest in intensity.
[0080] When the measurement is completed, the con-
trol unit connects the first channel, the second channel
and the third channel with other loops. The control unit
measures the intensities of the RX signals corresponding
to other loops, and this will be repeated until the RX sig-
nals corresponding to the entire loops are measured.
[0081] The control unit determines the y-coordinate of
the position of the pen 1 through the above-mentioned
procedure.
[0082] After the y-coordinate of the position of the pen
is determined, the control unit determines the x-coordi-
nate of the position of the pen 1. The control unit simul-
taneously measures the intensities of the RX signals cor-
responding to the first channel, the second channel and
the third channel. For example, the control unit measures
the intensity of the RX signal corresponding to the loop
X1 in the first channel, the intensity of the RX signal cor-
responding to the loop X2 in the second channel, and
the intensity of the RX signal corresponding to the loop
X3 in the third channel, respectively.
[0083] In FIG. 6B, the numbers labeled in the upper
portion of the graph denotes the degree of each signal
in order of intensity. In FIG. 6B, the electrical current ap-
plied to the loop X1 has the greatest intensity. Then, the
RX signals from the loops X3 and X2 have the second
and the third greatest intensities, respectively, and the
RX signal from the loop X1 is the lowest in intensity.
[0084] When the measurement is completed, the con-
trol unit connects the first channel, the second channel
and the third channel with other loops. The control unit
measures the intensities of the RX signals corresponding
to other loops, and this will be repeated until the RX sig-
nals corresponding to the entire loops are measured.
[0085] The control unit determines the x-coordinate of
the position of the pen 1 through the above-mentioned
procedure.
[0086] The control unit changes the TX transmitting
loop according to the determined position of the pen 1.
In addition, the control unit repeats the procedure set

forth above by using the changed TX transmitting loop.
[0087] FIG. 7 is a flowchart illustrating a method for
controlling a position measurement device for measuring
a position of a pen according to an embodiment of the
present invention. The position measurement device ac-
cording to the embodiment of the present invention
shown in FIG. 7 includes the first sub-loop unit and the
second sub-loop unit for measuring the position of the
pen. The first sub-loop unit includes a plurality of loops
for measuring the x-coordinate of the position of the pen.
Furthermore, the second sub-loop unit includes a plural-
ity of loops for measuring the y-coordinate of the position
of the pen.
[0088] The position measurement device applies an
electrical current to the first sub-loop unit to thereby trans-
mit the TX signal in step S710. For example, the position
measurement device determines one loop of the first sub-
loop unit as the TX transmitting loop. The position meas-
urement device applies an electrical current to the TX
transmitting loop, and the TX transmitting loop transmits
the TX signal based on the applied electrical current. The
transmitted TX signal is received by the pen, and the pen
transmits the RX signal to the position measurement de-
vice, based on the received TX signal.
[0089] The position measurement device controls the
second sub-loop unit to receive the RX signal. The posi-
tion measurement device determines the y-coordinate of
the position of the pen based on the intensity of the RX
signal input to each loop of the second sub-loop unit.
[0090] The position measurement device applies an
electrical current to the first sub-loop unit to thereby trans-
mit the TX signal in step S720. More specifically, the po-
sition measurement device applies an electrical current
to the TX transmitting loop that has been determined in
the operation in step S710, and the TX transmitting loop
transmits the TX signal based on the applied electrical
current. The transmitted TX signal is received by the pen,
and the pen transmits the RX signal to the position meas-
urement device, based on the received TX signal.
[0091] The position measurement device controls the
first sub-loop unit to receive the RX signal. The position
measurement device determines the x-coordinate of the
position of the pen based on the intensity of the RX signal
input to each loop of the first sub-loop unit.
[0092] The position measurement device repeats the
above operation until the electromagnetic field change
is not detected in step S730. Meanwhile, the operations
mentioned above are merely an example, and the posi-
tion measurement device may determine the TX trans-
mitting loop in the second sub-loop unit.
[0093] FIG. 8 is a flowchart illustrating a method for
controlling a position measurement device according to
an embodiment of the present invention.
[0094] The position measurement device according to
the embodiment of the present invention shown in FIG.
8 includes the first sub-loop unit and the second sub-loop
unit for measuring the position of the pen. The first sub-
loop unit includes a plurality of loops for measuring the
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x-coordinate of the position of the pen. Furthermore, the
second sub-loop unit includes a plurality of loops for
measuring the y-coordinate of the position of the pen.
[0095] The position measurement device determines
one loop of the first sub-loop unit as the TX transmitting
loop and applies an electrical current thereto in step
S801. The TX transmitting loop transmits the TX signal
based on the applied electrical current. The transmitted
TX signal is received by the pen, and the pen transmits
the RX signal to the position measurement device, based
on the received TX signal.
[0096] The position measurement device controls the
second sub-loop unit to receive the RX signal in step
S803. The position measurement device determines the
y-coordinate of the position of the pen based on the in-
tensity of the RX signal input to each loop of the second
sub-loop unit.
[0097] The position measurement device applies an
electrical current to the TX transmitting loop that has been
determined in the operation in step S801, and the TX
transmitting loop transmits the TX signal based on the
applied electrical current in step S805. The transmitted
TX signal is received by the pen, and the pen transmits
the RX signal to the position measurement device, based
on the received TX signal.
[0098] The position measurement device controls the
first sub-loop unit to receive the RX signal in step S807.
The position measurement device determines the x-co-
ordinate of the position of the pen based on the intensity
of the RX signal input to each loop of the first sub-loop
unit.
[0099] The position measurement device determines
whether the RX signal of the TX transmitting loop has
the greatest intensity in step S809. If the RX signal of the
TX transmitting loop does not have the greatest intensity
in step S809 (i.e., No), the position measurement device
changes the TX transmitting loop for the loop having the
greatest intensity of the RX signal in step S811. The po-
sition measurement device repeats the above operation
until the electromagnetic field change is not detected in
step S813.
[0100] FIG. 9 is a diagram illustrating an operation of
a position measurement device for measuring a position
of a pen according to another embodiment of the present
invention.
[0101] The position measurement device determines
one loop X1 of the first sub-loop unit loops X1, X2 and
X3 as the TX transmitting loop. The position measure-
ment device applies an electrical current to the deter-
mined TX transmitting loop X1, and the TX transmitting
loop X1 transmits the TX signal 901 to the pen in response
thereto. The pen 1 transmits the RX signals 911, 912,
913, 921, 922 and 923 to the position measurement de-
vice in response to the input TX signal 901.
[0102] The position measurement device simultane-
ously measures the intensities of the RX signals corre-
sponding to the loops X1, X2, X3, Y1, Y2 and Y3. The
position measurement device determines the position of

the pen in response to the intensity of the RX signal input
to each loop.
[0103] The position measurement device re-deter-
mines or maintains the TX transmitting loop according to
the determined position of the pen 1. The operation men-
tioned above may be repeated.

Claims

1. A position measurement device for measuring a po-
sition of a pen, comprising:

a first sub-loop unit that includes at least one
loop for applying an electric current or measur-
ing electromagnetic field change;
a second sub-loop unit that includes at least one
loop for measuring electromagnetic field
change; and
a control unit that determines at least one loop
of the first sub-loop unit as a transmission signal
transmitting loop to thereby apply the electric
current to the transmission signal transmitting
loop, and measures the position of the pen
based on electromagnetic field change meas-
ured by each loop of the first sub-loop unit and
each loop of the second sub-loop unit.

2. The position measurement device as claimed in
claim 1, wherein the control unit makes the first sub-
loop unit and the second sub-loop unit into groups
of a preset number of loops to thereby determine a
unit measurement range.

3. The position measurement device as claimed in
claim 2, wherein the control unit measures the elec-
tromagnetic field change of the first sub-loop unit and
the second sub-loop unit by the unit measurement
range.

4. The position measurement device as claimed in
claim 1, wherein the control unit controls at least two
loops of the first sub-loop unit and the second sub-
loop unit to simultaneously sense the electromag-
netic field change.

5. The position measurement device as claimed in
claim 1, further comprising:

a driving unit that supplies the electric current to
the loop unit; and
a switching unit that outputs the electric current
supplied from the driving unit to the transmission
signal transmitting loop of the first sub-loop unit
under the control of the control unit.

6. The position measurement device as claimed in
claim 5, wherein the switching unit connects the
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loops of the first sub-loop unit and the second sub-
loop unit to the control unit after the transmission
signal transmitting loop and the driving unit are con-
nected.

7. The position measurement device as claimed in
claim 1, wherein the control unit changes the trans-
mission signal transmitting loop to another loop of
the first sub-loop unit, based on the determined po-
sition of the pen.

8. The position measurement device as claimed in
claim 7, wherein the control unit changes the trans-
mission signal transmitting loop to the loop of the
first sub-loop unit, which is closest to the determined
position of the pen.

9. The position measurement device as claimed in
claim 1, further comprising a signal processing unit
that processes the electromagnetic field change
measured in the first sub-loop unit and the second
sub-loop unit.

10. The position measurement device as claimed in
claim 1, wherein the control unit simultaneously
measures the electromagnetic field change of the
loops of the first sub-loop unit and the second sub-
loop unit.

11. A method for controlling a position measurement de-
vice including the first sub-loop unit having at least
one loop for applying an electric current and meas-
uring electromagnetic field change and the second
sub-loop unit having at least one loop for measuring
electromagnetic field change, the method compris-
ing:

determining at least one loop of the first sub-
loop unit as a transmission signal transmitting
loop;
applying an electric current to the determined
transmission signal transmitting loop; and
measuring electromagnetic field change from
the first sub-loop unit and the second sub-loop
unit to thereby determine the position of a pen.

12. The method as claimed in claim 11, wherein the op-
eration of measuring the electromagnetic field
change from the first sub-loop unit and the second
sub-loop unit comprises measuring the electromag-
netic field change from each loop of the first sub-loop
unit and measuring the electromagnetic field change
from each loop of the second sub-loop unit.

13. The method as claimed in claim 11, wherein the op-
eration of measuring the electromagnetic field
change from the first sub-loop unit and the second
sub-loop unit comprises making the first sub-loop

unit and the second sub-loop unit into groups of a
preset number of loops to thereby determine a unit
measurement range, and measuring the electro-
magnetic field change of the first sub-loop unit and
the second sub-loop unit by the unit measurement
range.

14. The method as claimed in claim 11, wherein, in the
operation of measuring the electromagnetic field
change from the first sub-loop unit and the second
sub-loop unit, at least two loops of the first sub-loop
unit and the second sub-loop unit simultaneously
measure the electromagnetic field change.

15. The method as claimed in claim 11, wherein, in the
operation of measuring the electromagnetic field
change from the first sub-loop unit and the second
sub-loop unit, the electromagnetic field change of
the first sub-loop unit and the second sub-loop unit
are simultaneously measured.

16. The method as claimed in claim 11, further compris-
ing changing the transmission signal transmitting
loop to another loop of the first sub-loop unit, based
on the determined position of the pen.

17. The method as claimed in claim 16, wherein, in the
operation of changing the transmission signal trans-
mitting loop to another loop of the first sub-loop unit,
the loop of the first sub-loop unit, which is closest to
the determined position of the pen, is determined as
the transmission signal transmitting loop.

18. A position measurement device for measuring the
position of a coordinate indicating object including
an electromagnetic resonance circuit, the device
comprising:

a first sub-loop unit and a second sub-loop unit
of which loops are disposed to be perpendicular
to each other; and
a control unit that determines at least one loop
in either the first sub-loop unit or the second sub-
loop unit as a transmission signal transmitting
loop to be thereby applied with an electric signal,
and measures resonance signals of the coordi-
nate indicating object by the applied electric sig-
nal from the first sub-loop unit and the second
sub-loop unit to thereby determine the position
of the coordinate indicating object.

19. The position measurement device as claimed in
claim 18, wherein the control unit simultaneously
measures the resonance signal from at least two
loops in either the first sub-loop unit or the second
sub-loop unit.

20. The position measurement device as claimed in
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claim 18, wherein the control unit measures the res-
onance signal from the loop of the different sub-loop
unit at different time.
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