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(54) APPARATUS AND METHOD FOR CONTROLLING SIGNAL QUALITY OF ANTENNA

(67)  The present invention relates to an apparatus (FIG. 1)

and method for measuring signal quality of an antenna. 20

The apparatus according to the present invention in- '

cludes a communication unit configured to receive signal

quality measurement data from a plurality of terminal de-

vices disposed at predetermined positions within a net- FIRST |\

work, a signal quality calculation unit configured to cal- TERMINAL 100 0 1

culate a signal quality measurement value of an antenna D 1 | g ANT
based on the signal quality measurement data received fﬁ\ gﬁtﬁb CLAMPING j
from any one of the plurality of terminal devices, a rotation TSE%CAA?SQL ASSX‘;E%S DEVICE

determination unit configured to compare a target signal
quality value of the antenna with the calculated signal

quality measurement value and determine a rotation di-
rection and an angle of the antenna on the basis of a
difference value between the target signal quality value nth

TERMINAL

and the signal quality measurement value, and a control
unit configured to transmit an adjustment signal including
information on the determined rotation direction and the
determined angle of the antenna to a clamping device
configured to adjust a rotation of the antenna.
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Description
[Technical Field]

[0001] The present invention relates to an apparatus
and method for controlling signal quality of an antenna,
and more particularly, to an apparatus and method for
controlling signal quality of an antenna, which are capa-
ble of easily adjusting a rotation angle of an antenna and
providing signal quality of the antenna at a high level of
satisfaction.

[Background Art]

[0002] Inthe related art, a signal measurement device
measures signal quality while being moved within a net-
work by a vehicle in order to optimize the network of a
mobile communication base station. In this case, the net-
work is optimized by adjusting an angle of an antenna
by manually inputting vertical and/or horizontal angle ad-
justment values for the antenna on the basis of the signal
quality measured by the signal measurement device.
[0003] However, in the related art, there is an incon-
venience of having to input the calculated vertical and/or
horizontal angle adjustment values one by one and man-
ually adjusting the angles of the antenna. Further, be-
cause the vehicle needs to move each time the signal
measurement device measures signals, there is a prob-
lem in that a large amount of time is required to adjust
signal quality and it is difficult to measure the signal qual-
ity when the vehicle does not move.

[Disclosure]
[Technical Problem]

[0004] An object of the present invention is to provide
an apparatus and method for controlling signal quality of
an antenna, which are capable of easily adjusting a ro-
tation angle of an antenna by determining a rotation di-
rection and an angle of a rotation unit and/or a tilting unit
of the antenna on the basis of signal quality measured
by a terminal device disposed at a predetermined posi-
tion and outputting the rotation direction and the angle
of the rotation unit and/or the tilting unit of the antenna
to a clamping device at the time of adjusting the angle of
the rotation unit and/or the tilting unit of the antenna by
using the clamping device.

[0005] Anotherobjectof the presentinvention is to pro-
vide an apparatus and method for controlling signal qual-
ity of an antenna, which are capable of providing signal
quality of the antenna at a high level of satisfaction by
sequentially adjusting leftward and rightward rotations of
the antenna with respect to terminal devices disposed at
different positions within a network and sequentially ad-
justing upward and downward rotations when a target
value is not satisfied.

[0006] Technical problems of the presentinvention are
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notlimited to the aforementioned technical problems, and
other technical problems, which are not mentioned
above, may be clearly understood by those skilled in the
art from the following descriptions.

[Technical Solution]

[0007] To achieve the above-mentioned object, an ap-
paratus for controlling signal quality of an antenna ac-
cording to an embodiment of the present invention in-
cludes: a communication unit configured to sequentially
receive signal quality measurement data from a plurality
of terminal devices disposed at predetermined positions
within a network; a signal quality calculation unit config-
ured to calculate a signal quality measurement value of
an antenna based on the signal quality measurement
data received from any one of the plurality of terminal
devices; and a rotation determination unit configured to
compare a target signal quality value of the antenna with
the calculated signal quality measurement value and de-
termine a rotation direction and an angle of the antenna
on the basis of a difference value between the target
signal quality value and the signal quality measurement
value, in which a rotation of a clamping device is adjusted
on the basis of an adjustment signal including information
on the determined rotation direction and the determined
angle of the antenna.

[0008] In this case, the apparatus may further include
a control unit configured to transmit the adjustment signal
to the clamping device to adjust a rotation of the antenna.
[0009] The control unit may request the signal quality
measurement data in a predetermined order from any
one of the plurality of terminal devices, and the control
unit may request the signal quality measurement data
from the next terminal device after the rotation of the an-
tenna is adjusted on the basis of the adjustment signal.
[0010] The rotation determination unit may determine
arotation direction of the antenna as a direction identical
to a previously determined rotation direction when a sec-
ond difference value between the target signal quality
value of the antenna and a signal quality measurement
value calculated on the basis of the signal quality meas-
urement data received from the next terminal device is
smaller than a first difference value calculated previously,
and the rotation determination unit may determine a ro-
tation direction of the antenna as a direction opposite to
the previously determined rotation direction when the
second difference value is equal to or larger than the first
difference value calculated previously.

[0011] The rotation determination unit may determine
that the signal quality of the antenna does not satisfy a
target value and determine a rotation angle in a left-
ward/rightward direction of the antenna when the differ-
ence value is not 0 or deviates from a predetermined
error range.

[0012] The control unit may request again the signal
quality measurement data in the predetermined order
from any one of the plurality of terminal devices when
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the signal quality of the antenna does not satisfy the tar-
get value after the rotation angle in the leftward/rightward
direction of the antenna is adjusted on the basis of the
signal quality measurement data sequentially received
from the plurality of terminal devices.

[0013] The rotation determination unit may determine
a rotation angle in an upward/downward direction of the
antenna when the signal quality measurement data re-
ceived from the terminal device are data received again.
[0014] The control unit may determine to stop the ro-
tation of the antenna when the signal quality of the an-
tenna satisfies the target value after the rotation angle in
the leftward/rightward direction of the antennais adjusted
on the basis of the signal quality measurement data se-
quentially received from the plurality of terminal devices.
[0015] The clamping device may include: a tilting unit
to which the antenna is coupled to be tiltable in an up-
ward/downward direction; and a rotation unit to which the
antenna is coupled to be rotatable in a leftward/rightward
direction, and the control unit may transmit the adjust-
ment signal to the clamping device, may tilt the antenna
in the upward/downward direction by using the tilting unit,
and may rotate the antenna in the leftward/rightward di-
rection by using the rotation unit.

[0016] When the clamping device receives the adjust-
ment signal, the clamping device may operate a tilting
rotation motor included in the tilting unit and configured
to electrically operate to tilt the tilting unit in the up-
ward/downward direction, and the clamping device may
operate a rotating rotation motor included in the rotation
unit and configured to electrically operate to rotate the
rotation unit in the leftward/rightward direction.

[0017] To achieve the above-mentioned object, a
method of controlling signal quality of an antenna accord-
ing to another embodiment of the present invention in-
cludes: requesting signal quality measurement data in a
predetermined order from any one of a plurality of termi-
nal devices disposed at predetermined positions within
a network; calculating a signal quality measurement val-
ue of the antenna on the basis of the signal quality meas-
urement data received from any one of the terminal de-
vices; comparing a target signal quality value of the an-
tenna with the calculated signal quality measurement val-
ue and determining a rotation direction and angle of the
antenna on the basis of a difference value between the
target signal quality value and the signal quality meas-
urement value; and transmitting an adjustment signal in-
cluding information on the determined rotation direction
and the determined angle of the antenna to a clamping
device configured to adjust a rotation of the antenna.

[Advantageous Effects]

[0018] Accordingtothe presentinvention, itis possible
to easily adjust a rotation angle of an antenna by deter-
mining a rotation direction and an angle of a rotation unit
and/or a tilting unit of the antenna on the basis of signal
quality measured by a terminal device disposed at a pre-

10

15

20

25

30

35

40

45

50

55

determined position and outputting the rotation direction
and the angle of the rotation unit and/or the tilting unit of
the antenna to a clamping device at the time of adjusting
the angle of the rotation unit and/or the tilting unit of the
antenna by using the clamping device.

[0019] In addition, according to the present invention,
it is possible to provide signal quality of the antenna at a
high level of satisfaction by sequentially adjusting left-
ward and rightward rotations of the antenna with respect
to terminal devices disposed at different positions within
a network and sequentially adjusting upward and down-
ward rotations when a target value is not satisfied.

[Description of Drawings]
[0020]

FIG. 1isaview illustrating a configuration of a system
to which an apparatus for controlling signal quality
of an antenna according to an embodiment of the
present invention is applied.

FIG. 2 is a view illustrating an embodiment in which
an electronic terminal is disposed in the system to
which the apparatus for controlling signal quality of
an antenna according to the embodiment of the
present invention is applied.

FIG. 3 is a perspective view illustrating a clamping
device configured to tilt the antenna in an up-
ward/downward direction and rotate the antenna in
a leftward/rightward direction.

FIGS. 4 and 5 are views illustrating states in which
the antenna is tilted and rotated by the clamping de-
vice illustrated in FIG. 3.

FIG. 6 is a view illustrating a configuration of the ap-
paratus for controlling signal quality of an antenna
according to the embodiment of the present inven-
tion.

FIG. 7 is a view illustrating an embodiment for ex-
plaining an operation of the apparatus for controlling
signal quality of an antenna according to the embod-
iment of the present invention.

FIGS. 8 and 9 are views illustrating an operation flow
of amethod of controlling signal quality of an antenna
according to the embodiment of the present inven-
tion.

[Description of Main Reference Numerals of Draw-
ings]

[0021]

1: Antenna

10: Clamping device
20: Terminal device
21: First terminal
22: Second terminal
23: Third terminal
24: Fourth terminal
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100: Signal quality control apparatus
110: Control unit

120: Communication unit

130: Storage unit

140: Signal quality calculation unit
150: Rotation determination unit

[Best Mode]

[0022] Hereinafter, some embodiments of the present
invention will be described in detail with reference to the
illustrative drawings. In giving reference numerals to con-
stituent elements of the respective drawings, it should be
noted that the same constituent elements will be desig-
nated by the same reference numerals, if possible, even
though the constituent elements are illustrated in different
drawings. Further, in the following description of the em-
bodiments of the presentinvention, a detailed description
of related publicly-known configurations or functions will
be omitted when it is determined that the detailed de-
scription obscures the understanding of the embodi-
ments of the present invention.

[0023] In addition, the terms first, second, A, B, (a),
and (b) may be used to describe constituent elements of
the exemplary embodiments of the present invention.
These terms are used only for the purpose of discrimi-
nating one constituent element from another constituent
element, and the nature, the sequences, or the orders of
the constituent elements are not limited by the terms.
Further, unless otherwise defined, all terms used herein,
including technical or scientific terms, have the same
meaning as commonly understood by those skilled in the
art to which the present invention pertains. The terms
such as those defined in a commonly used dictionary
should be interpreted as having meanings consistent with
meanings in the context of related technologies and
should not be interpreted as ideal or excessively formal
meanings unless explicitly defined in the present appli-
cation.

[0024] FIG. 1 is a view illustrating a configuration of a
system to which an apparatus according to an embodi-
ment of the present invention is applied, FIG. 2 is a view
illustrating an embodimentin which an electronic terminal
is disposed in the system to which the apparatus for con-
trolling signal quality of an antenna according to the em-
bodiment of the present invention is applied, FIG. 3 is a
perspective view illustrating a clamping device config-
ured to tilt the antenna in an upward/downward direction
and rotate the antenna in a leftward/rightward direction,
and FIGS. 4 and 5 are views illustrating states in which
the antenna is tilted and rotated by the clamping device
illustrated in FIG. 3.

[0025] Referringto FIG. 1, the system may include: an
antenna 1; a clamping device 10 configured to adjust a
rotation angle of the antenna 1 in a leftward/rightward
direction and/or an upward/downward direction; a plural-
ity of terminal devices 20 disposed at predetermined po-
sitions within a network and configured to measure signal
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quality of the antenna 1; and a signal quality control ap-
paratus 100 configured to determine a rotation of the an-
tenna 1 on the basis of the signal quality measured by
the terminal device 20 and transmit the rotation of the
antenna 1 to the clamping device 10.

[0026] The antenna 1 may include a transmitting an-
tenna module (not illustrated) configured to transmit a
predetermined signal to an external communication de-
vice, and a receiving antenna module (not illustrated)
configured to receive a signal transmitted from the exter-
nal communication device.

[0027] For example, the transmitting antenna module
may transmit a signal forrequesting quality measurement
data to the terminal device 20 disposed at the predeter-
mined position within the network, and the receiving an-
tenna module may receive quality measurement data
transmitted from the corresponding terminal device 20.
In this case, the receiving antenna module may sequen-
tially receive the quality measurement data from the plu-
rality of terminals disposed within the network.

[0028] In this case, the antenna 1 may be provided as
a plurality of antennas in different embodiments.

[0029] The clamping device 10 may include a tilting
unit 11 coupled to the antenna 1 so that the antenna 1
may tilt in the upward/downward direction, and a rotation
unit 12 coupled to the antenna 1 so that the antenna 1
may rotate in the leftward/rightward direction. In this
case, the tilting unit 11 and/or the rotation unit 12 may
be coupled directly to a support pole (no reference nu-
meral) for installing the antenna 1 or coupled indirectly
to the support pole by another unit (e.g., a coupling unit
denoted by reference numeral 13 illustrated in FIG. 3).
[0030] When the clamping device 10 receives a rota-
tion angle adjustment value in the leftward/rightward di-
rection from the signal quality control apparatus 100, the
clamping device 10 operates the rotation unit 12 to rotate
the antenna 1 by a predetermined angle in the left-
ward/rightward direction.

[0031] In addition, when the clamping device 10 re-
ceives a rotation angle adjustment value in the up-
ward/downward direction from the signal quality control
apparatus 100, the clamping device 10 operates the tilt-
ing unit 11 to tilt the antenna 1 by a predetermined angle
in the upward/downward direction.

[0032] The plurality of terminal devices 20 serves to
measure the signal quality of the antenna 1 and provide
the measured quality measurement data. Positions of
the plurality of terminal devices 20 may be fixed, or the
plurality of terminal devices 20 may be moved.

[0033] Inthis case, the plurality of terminal devices 20,
e.g., a first terminal 21, a second terminal 22, a third
terminal 23, and a fourth terminal 24 may be disposed
at different positions within the network. This embodi-
ment will be described with reference to FIG. 2.

[0034] Asillustratedin FIG. 2, the first terminal 21, the
second terminal 22, the third terminal 23, and the fourth
terminal 24 measure quality of the signals transmitted to
or received from the antenna 1 at the respective positions
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thereof. In this case, the first terminal 21, the second
terminal 22, the third terminal 23, and the fourth terminal
24 measure the signal quality of the antenna 1 and trans-
mit quality measurement data to the signal quality control
apparatus 100 when the quality measurement data are
requested by the signal quality control apparatus 100.
[0035] The plurality of terminal devices 20 may be elec-
tronic terminals having communication functions.
[0036] Forexample, the electronic terminal may be im-
plemented in the form of a mobile phone, a tablet per-
sonal computer (PC), a desktop PC, a laptop PC, a net-
book computer, a personal digital assistant (PDA), a port-
able multimedia player (PMP), or the like.

[0037] Meanwhile, the terminal device 20 may be im-
plementedin the form of a drone or mounted on the drone.
In this case, a single terminal device 20 may be provided.
The terminal device 20 may measure the signal quality
of the antenna 1 at a target position while moving by
using characteristics of the drone.

[0038] The signal quality control apparatus 100 re-
quests the quality measurement data from any one of
the plurality of terminal devices 20 disposed at the pre-
determined positions within the network. The signal qual-
ity control apparatus 100 determines the rotation angle
adjustment value of the antenna 1 in the leftward/right-
ward direction and/or the upward/downward direction on
the basis of the quality measurement data received from
the corresponding terminal device 20 and transmits an
adjustment signal including the determined rotation an-
gle adjustment value to the clamping device 10.

[0039] After transmitting the adjustment signal to the
clamping device 10, the signal quality control apparatus
100 request the quality measurement data from the next
terminal device 20 of the plurality of terminal devices 20.
Likewise, the signal quality control apparatus 100 may
determine the rotation angle adjustment value of the an-
tenna 1 in respect to the rotating in the leftward/rightward
direction and/or the tilting in the upward/downward direc-
tion on the basis of the quality measurement data re-
ceived from the corresponding terminal device 20 and
transmit the adjustment signal including the determined
rotation angle adjustment value to the clamping device
10.

[0040] As described above, the signal quality control
apparatus 100 may sequentially determine the rotation
angle adjustment value of the antenna 1 in the left-
ward/rightward direction and/or the upward/downward
direction by using the signal quality data sequentially re-
ceived from the plurality of terminal devices 20.

[0041] Therefore, the clamping device 10 sequentially
adjusts the rotation angle of the antenna 1 in the left-
ward/rightward direction and/or the upward/downward
direction.

[0042] In more detail, referring to FIG. 3, the clamping
device 10 transmits a signal for requesting quality meas-
urement data to the terminal device 20 through the trans-
mitting antenna module and then measures the current
signal quality of the antenna 1 by receiving the quality
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measurement data transmitted from the corresponding
terminal device 20 through the receiving antenna mod-
ule. The clamping device 10 may tilt the antenna 1 in the
upward/downward direction by using the tilting unit 11
and rotate the antenna 1 in the leftward/rightward direc-
tion by using the rotation unit 12 on the basis of the ro-
tation angle adjustment value determined by the signal
quality control apparatus 100.

[0043] Although not illustrated in the drawings, the
clamping device 10 may include a tilting rotation motor
configured to electrically operate and provide tilting rota-
tion driving power for the tilting unit 11, and a rotating
rotation motor configured to electrically operate and pro-
vide rotating rotation driving power for the rotation unit
12. The tilting rotation motor and the rotating rotation mo-
tor may be supplied with power from a separate power
source unit provided outside the clamping device 10.
[0044] When a tilting rotation angle adjustment value
for the clamping device 10 is received from a control unit
110 which will be described below among the compo-
nents of the signal quality control apparatus 100, the tilt-
ing unit 11 may adjust the directionality of the antenna 1
while tilting in the upward/downward direction about a
tilting rotation point T1 of the tilting unit 11, as illustrated
in FIGS. 3 and 4.

[0045] Further, when a rotating rotation angle adjust-
ment value for the clamping device 10 is received from
the control unit 110 which will be described below among
the components of the signal quality control apparatus
100, the rotation unit 12 may adjust the directionality of
the antenna 1 while rotating in the leftward/rightward di-
rection about a rotating rotation point L1 of the rotation
unit 12, as illustrated in FIGS. 3 and 5.

[0046] The signal quality control apparatus 100 ac-
cording to the present invention may be implemented as
an apparatus provided separately from the clamping de-
vice 10 and may communicate with and be connected to
the clamping device 10 by means of a separate commu-
nication connection means.

[0047] Meanwhile, the signal quality control apparatus
100 may be implemented in the clamping device 10.
[0048] A detailed description of a specific configuration
and operation of the signal quality control apparatus 100
will be described in detail with reference to the embodi-
ment illustrated in FIG. 6 and the following drawings.
[0049] FIG. 6 is a view illustrating a configuration of
the signal quality control apparatus according to the em-
bodiment of the present invention. Referring to FIG. 6,
the signal quality control apparatus 100 may include the
control unit 110, a communication unit 120, a storage
unit 130, a signal quality calculation unit 140, and a ro-
tation determination unit 150. In this case, the control unit
110, the signal quality calculation unit 140, and/or the
rotation determination unit 150 of the signal quality con-
trol apparatus 100 according to the present embodiment
may be implemented as one or more processors.
[0050] First, the control unit 110 may process signals
transmitted between the components of the signal quality
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control apparatus 100.

[0051] The communication unit 120 may include a first
communication module configured to support a commu-
nication interface with the plurality of terminal devices 20
disposed at the predetermined positions within the net-
work.

[0052] For example, the first communication module
may include a module or short-range communication for
wireless Internet access.

[0053] In this case, the wireless Internet technologies
include wireless LAN (WLAN), wireless broadband (Wi-
bro), Wi-Fi, and/or world interoperability for microwave
access (Wimax). In addition, the short-range communi-
cation technologies may include Bluetooth, ZigBee, ultra-
wideband (UWB), radio frequency identification (RFID),
and/or infrared data association (IrDA).

[0054] Meanwhile, the communication unit 120 may
further include a second communication module config-
ured to support a communication interface with the
clamping device 10. In this case, the second communi-
cation module may support wired or wireless communi-
cation technologies.

[0055] The storage unit 130 may store data and/or al-
gorithms required to operate the signal quality control
apparatus 100.

[0056] For example, the storage unit 130 may store
commands and/or algorithms used to calculate the signal
quality measurement value on the basis of the data re-
ceived from an Nth terminal device 20 among the plurality
of terminal devices 20. In addition, the storage unit 130
may store commands and/or algorithms used to deter-
mine the rotation direction and the angle of the antenna
1 on the basis of the signal quality of the antenna 1 cal-
culated previously.

[0057] In this case, the storage unit 130 may include
a storage medium such as a random-access memory
(RAM), a staticrandom-access memory (SRAM), a read-
only memory (ROM), a programmable read-only memory
(PROM), and/or an electrically erasable programmable
read-only memory (EEPROM).

[0058] The control unit 110 may request the signal
quality measurement data through the communication
unit 120 from any one of the plurality of terminal devices
20 disposed within the network.

[0059] For example, assuming that the plurality of ter-
minal devices 20 disposed within the network includes
the first terminal 21, the second terminal 22, the third
terminal 23, and the fourth terminal 24 and the first to
fourth terminals 21, 22, 23, and 24 are disposed at dif-
ferent positions within the network, the control unit 110
may request the signal quality measurement data from
the first terminal 21.

[0060] In this case, when the control unit 110 com-
pletes the measurement of the signal quality of the an-
tenna 1 on the basis of first data, i.e., the signal quality
measurement data received from the first terminal 21,
the control unit 110 may request the signal quality meas-
urement data from the next second terminal 22.
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[0061] Inaddition, when the control unit 110 completes
the measurement of the signal quality of the antenna 1
on the basis of second data, i.e., the signal quality meas-
urement data received from the second terminal 22, the
control unit 110 may request the signal quality measure-
ment data from the next third terminal 23.

[0062] Likewise, when the control unit 110 completes
the measurement of the signal quality of the antenna 1
on the basis of third data, i.e., the signal quality meas-
urement data received from the third terminal 23, the con-
trol unit 110 may request the signal quality measurement
data from the next fourth terminal 24.

[0063] The control unit 110 may stop a related opera-
tion when the control unit 110 completes the measure-
ment of the signal quality of the antenna 1 on the basis
of fourth data, i.e., the signal quality measurement data
received from the fourth terminal 24 and the measured
signal quality of the antenna 1 satisfies a target value.
[0064] Meanwhile, when the signal quality of the an-
tenna 1 measured on the basis of the fourth data does
not satisfy the target value, the control unit 110 may re-
questthe signal quality measurement data again sequen-
tially from the first to fourth terminals 21, 22, 23, and 24.
[0065] The signal quality calculation unit 140 calcu-
lates the signal quality of the antenna 1 on the basis of
the signal quality measurement data received from the
plurality of terminal devices 20 disposed within the net-
work. In this case, when receiving the signal quality
measurement data from any one of the plurality of termi-
nal devices 20, the signal quality calculation unit 140 cal-
culates the signal quality of the antenna 1 on the basis
of the signal quality measurement data received from the
corresponding terminal device 20.

[0066] The signal quality calculation unit 140 may store
the calculated signal quality measurement value in the
storage unit 130 or transmit the calculated signal quality
measurement value to the rotation determination unit 150
and/or the control unit 110.

[0067] Thereafter, when receiving the signal quality
measurement data from the next terminal device 20, the
signal quality calculation unit 140 may calculate the sig-
nal quality of the antenna 1 on the basis of the received
signal quality measurement data.

[0068] In this case, the signal quality calculation unit
140 may acquire the signal quality measurement value
by using an algorithm that calculates the signal quality
measurement value on the basis of the signal quality
measurement data received from the terminal device 20.
[0069] In this case, a least mean square (LMS) algo-
rithm, a recursive least square (RLS) algorithm, and the
like may be applied as the algorithm for calculating the
signal quality measurement value, and an algorithm,
which less causes an error, may be applied in different
embodiments.

[0070] For example, the RLS algorithm may calculate
a target signal quality value by calculating noise power
before and after noise filtering is performed on transmit-
ted signals. In addition, the RLS algorithm may calculate
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noise power before and after noise filtering is performed
onreceived signals including the signal quality measure-
ment data. The RLS algorithm may calculate the signal
quality measurement value at the corresponding posi-
tion.

[0071] Because the algorithm for measuring the signal
quality of the received signal is a general technology, a
specific description thereof will be omitted.

[0072] The rotation determination unit 150 may com-
pare a target signal quality value QR based on the trans-
mitted signal of the antenna 1 with a signal quality meas-
urement value QN calculated by the signal quality calcu-
lation unit 140 and determine the rotation direction and
the angle of the antenna 1 on the basis of a difference
value (QR - QN) between the target signal quality value
QR and the signal quality measurement value QN.
[0073] In this case, when a difference value (QR - Q1)
between the target signal quality value QR and a signal
quality measurement value Q1 is 0, the rotation determi-
nation unit 150 may determine that the signal quality of
the antenna 1 satisfies the target value and determine
not to rotate the antenna 1. In addition, when the differ-
ence value (QR - Q1) between the target signal quality
value QR and the signal quality measurement value Q1
is not 0 but within an error range, the rotation determina-
tion unit 150 may determine that the signal quality of the
antenna 1 satisfies the target value and determine not to
rotate the antenna 1.

[0074] Meanwhile, whenthe difference value (QR-Q1)
between the target signal quality value QR and the signal
quality measurement value Q1 is not O or deviates from
the error range, the rotation determination unit 150 may
determine that the signal quality of the antenna 1 does
not satisfy the target value and determine to rotate the
antenna 1 in the leftward or rightward direction. In this
case, the rotation determination unit 150 may determine
different rotation directions depending on whether the
difference value (QR - Q1) is a positive (+) value or a
negative (-) value.

[0075] The rotation determination unit 150 may deter-
mine the rotation angle as a predetermined angle. Mean-
while, the rotation determination unit 150 may determine
different rotation angles depending on magnitudes of the
difference value (QR - Q1).

[0076] When the rotation direction and the angle of the
antenna 1 are determined by the rotation determination
unit 150, the control unit 110 transmits a first adjustment
signal including information on the rotation direction and
the angle of the antenna 1 to the clamping device 10
connected to the communication unit 120.

[0077] Therefore, the clamping device 10 may rotate
the antenna 1 by a predetermined angle in the left-
ward/rightward direction on the basis of the first adjust-
ment signal received through the communication unit
120.

[0078] Meanwhile, when a signal quality measurement
value Q2 calculated on the basis of the second meas-
urement data is transmitted from the signal quality cal-
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culation unit 140 after the rotation determination unit 150
determines the rotation direction and the angle of the
antenna 1 based on the signal quality measurement val-
ue Q1 calculated on the basis of the first measurement
data, the rotation determination unit 150 may compare
the target signal quality value QR based on the transmit-
ted signal of the antenna 1 with the signal quality meas-
urement value Q2 and determine the rotation direction
and the angle of the antenna 1 on the basis of the differ-
ence value (QR - Q2).

[0079] In this case, when the difference value (QR -
Q2) is 0 or within an error range, the rotation determina-
tion unit 150 may determine that the signal quality of the
antenna 1 satisfies the target value and determine not to
rotate the antenna 1.

[0080] Incontrast, when the difference value (QR - Q2)
is not 0 or deviates from the error range, the rotation
determination unit 150 may determine that the signal
quality of the antenna 1 does not satisfy the target value
and determine to rotate the antenna 1 in the leftward or
rightward direction. In this case, the rotation determina-
tion unit 150 may determine a rotation direction as a di-
rection identical to the previous rotation direction when
the difference value (QR - Q2) is smaller than the differ-
ence value (QR - Q1) calculated previously. When the
second difference is equal to or larger than the first dif-
ference value calculated previously, the rotation deter-
mination unit 150 may determine a rotation direction as
a direction opposite to the previous rotation direction.
[0081] The rotation determination unit 150 may deter-
mine the rotation angle as a predetermined angle. Mean-
while, the rotation determination unit 150 may determine
different rotation angles depending on magnitudes of the
difference values.

[0082] When the rotation determination unit 150 deter-
mines the rotation direction and the angle of the antenna
1, the control unit 110 transmits a second adjustment
signal including information on the rotation direction and
the angle of the antenna 1 to the clamping device 10
connected to the communication unit 120.

[0083] Therefore, the clamping device 10 may rotate
again the antenna 1, which has the previously adjusted
angle, by a predetermined angle in the leftward/rightward
direction on the basis of the second adjustment signal
received through the communication unit 120.

[0084] In such a manner, the control unit 110 may se-
quentially transmit a third adjustment signal and a fourth
adjustment signal to the clamping device 10. In addition,
the clamping device 10 may rotate the antenna 1 by a
predetermined angle in the leftward/rightward direction
on the basis of the received third and fourth adjustment
signals.

[0085] Meanwhile, when the signal quality measure-
ment value Q1 calculated on the basis of the first meas-
urement data is transmitted again after the antenna 1
rotates in the leftward/rightward direction, the rotation de-
termination unit 150 may compare the target signal qual-
ity value QR based on the transmitted signal of the an-
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tenna 1 with the signal quality measurement value Q1
and determine the rotation direction and the angle of the
antenna 1 on the basis of the difference value (QR - Q1).
[0086] In this case, the rotation determination unit 150
may determine the rotation direction and the angle with
the above-mentioned method. Because the antenna 1 is
in the state of being rotated in the leftward/rightward di-
rection by the previous process, the rotation determina-
tion unit 150 may determine the rotation direction of the
antenna 1 as the upward/downward direction.

[0087] Therefore, the control unit 110 may sequentially
transmit the first adjustment signal, the second adjust-
ment signal, the third adjustment signal, and the fourth
adjustment signal based on the upward/downward direc-
tion to the clamping device 10.

[0088] The clamping device 10 may rotate the antenna
1 by a predetermined angle in the upward/downward di-
rection on the basis of the received first to fourth adjust-
ment signals.

[0089] Therefore, the control unit 110 may stop the re-
lated operation when the signal quality of the antenna 1
measured by the upward and downward rotations of the
antenna 1 satisfies the target value.

[0090] Meanwhile, when the signal quality of the an-
tenna 1 measured by the upward and downward rotations
of the antenna 1 does not satisfy the target value, the
control unit 110 may request again the signal quality
measurement data sequentially from the first to fourth
terminals 21, 22, 23, and 24.

[0091] The signal quality control apparatus 100 ac-
cording to the present embodiment, which operates as
described above, may be implemented in the form of an
independent hardware apparatus or implemented in the
form of one or more processors included in other hard-
ware apparatuses such as a microprocessor or general-
purpose computer system.

[0092] The processor may be a central processing unit
(CPU) or asemiconductor device that processes instruc-
tions stored in a memory and/or a storage.

[0093] FIG. 7 is a view illustrating an embodiment for
explaining an operation of the apparatus for controlling
signal quality of an antenna according to the embodiment
of the present invention.

[0094] Referring to FIG. 7, in operation 411, the first
terminal 21 transmits the first data on the basis of the
request of the signal quality control apparatus 100.
[0095] The signal quality control apparatus 100 deter-
mines the rotation direction and the angle of the antenna
1 on the basis of the signal quality of the first data. In
operation 412, the signal quality control apparatus 100
transmits the first adjustment signal including the deter-
mined rotation direction and the determined angle to the
clamping device 10.

[0096] Therefore, in operation 413, the clamping de-
vice 10 may adjust the rotation angle of the antenna 1
on the basis of the first adjustment signal.

[0097] When the primary adjustment of the angle of
the antenna 1 is completed, in operation 421, the second
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terminal 22 transmits the second data on the basis of the
request of the signal quality control apparatus 100.
[0098] The signal quality control apparatus 100 deter-
mines the rotation direction and the angle of the antenna
1 on the basis of the signal quality of the second data. In
operation 422, the signal quality control apparatus 100
transmits the second adjustment signal including the de-
termined rotation direction and the determined angle to
the clamping device 10.

[0099] Therefore, in operation 423, the clamping de-
vice 10 may adjust again the rotation angle of the antenna
1 on the basis of the second adjustment signal.

[0100] When the secondary adjustment of the angle of
the antenna 1 is completed, in operation 431, the third
terminal 23 transmits the third data on the basis of the
request of the signal quality control apparatus 100.
[0101] The signal quality control apparatus 100 deter-
mines the rotation direction and the angle of the antenna
1 on the basis of the signal quality of the third data. In
operation 432, the signal quality control apparatus 100
transmits the third adjustment signal including the deter-
mined rotation direction and the determined angle to the
clamping device 10.

[0102] Therefore, in operation 433, the clamping de-
vice 10 may adjust again the rotation angle of the antenna
1 on the basis of the third adjustment signal.

[0103] When the tertiary adjustment of the antenna 1
is completed, in operation 441, the fourth terminal 24
transmits the fourth data on the basis of the request of
the signal quality control apparatus 100.

[0104] The signal quality control apparatus 100 deter-
mines the rotation direction and the angle of the antenna
1 on the basis of the signal quality of the fourth data. In
operation 442, the signal quality control apparatus 100
transmits the fourth adjustment signal including the de-
termined rotation direction and the determined angle to
the clamping device 10.

[0105] Therefore, in operation 443, the clamping de-
vice 10 may adjust again the rotation angle of the antenna
1 on the basis of the fourth adjustment signal.

[0106] As described above, in operations 411, 412,
413, 421, 422, 423, 431, 432, 433, 441, 442, and 443,
the leftward and rightward rotations of the antenna 1 may
be preferentially adjusted. When the signal quality of the
antenna 1 does not satisfy the target value, operations
411, 412, 413, 421, 422, 423, 431, 432, 433, 441, 442,
and 443 are performed again to adjust the upward and
downward rotations of the antenna 1.

[0107] Inthis case, the signal quality control apparatus
100 may sequentially receive the first to fourth data from
the plurality of terminal devices 20, e.g., the first to fourth
terminals 21, 22, 23, and 24. Alternatively, the signal
quality control apparatus 100 may receive the first to
fourth data simultaneously.

[0108] Specifically, regarding operations 411, 421,
431, and 441 illustrated in FIG. 7, when the first to fourth
terminals 21, 22, 23, and 24 are disposed at spatially
different positions, the first to fourth data may be sequen-
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tially or simultaneously transmitted to the signal quality
control apparatus 100. In a case in which the terminal
device 20 isimplemented in the form of a drone or mount-
ed on a drone, a plurality of quality measurement data
(e.g., first to fourth data) may be sequentially transmitted
to the communication unit 120 of the signal quality control
apparatus 100 as the positions of the terminal devices
20 are changed.

[0109] An operation flow of the apparatus for control-
ling signal quality of an antenna according to the present
invention configured as described above will be de-
scribed below in more detail.

[0110] FIGS.8and9are viewsillustrating an operation
flow of a method of controlling signal quality of an antenna
according to the embodiment of the present invention.
[0111] Referring to FIG. 8, the signal quality control
apparatus 100 requests the first data from the first termi-
nal 21 among n terminal devices 20 disposed within the
network (S110 and S120).

[0112] When the signal quality control apparatus 100
receives the first data from the first terminal 21 (S130),
the signal quality control apparatus 100 checks whether
the difference value between the target signal quality val-
ue QR based on the transmitted signal of the antenna 1
and the signal quality measurement value Q1 based on
the first data is O (or within the error range). When the
difference value is 0 (or within the error range) (S140),
the signal quality control apparatus 100 requests the sec-
ond data from the next second terminal 22 (S170, S180,
and S120).

[0113] Meanwhile, when the difference value is not 0
(orwithin the errorrange) in step ’'S140’, the signal quality
control apparatus 100 preferentially determines a rota-
tion direction as the leftward/rightward direction and de-
termines the rotation angle in the leftward/rightward di-
rection (S150). In this case, the signal quality control ap-
paratus 100 may determine the rotation angle on the ba-
sis of the difference value in step 'S140’ or determine the
rotation angle as a predetermined value.

[0114] The signal quality control apparatus 100 trans-
mits a leftward/rightward adjustment signal including the
rotation direction and the rotation angle, which are de-
terminedin step’S150’, to the clamping device 10 (S160).
Therefore, the clamping device 10 may adjust the rotation
of the antenna 1 on the basis of the received left-
ward/rightward adjustment signal.

[0115] Thereafter, the signal quality control apparatus
100 repeatedly performs steps 'S120°, 'S130’, 'S140’,
'S150’,’S160’, ’S170’, and 'S180’ until the signal quality
control apparatus 100 transmits an Nth leftward/right-
ward adjustment signal including the rotation direction
and the rotation angle, which are determined on the basis
of nth data received from an nth terminal, to the clamping
device 10.

[0116] Therefore, the clamping device 10 adjusts the
rotation of the antenna 1 in the leftward/rightward direc-
tion n times. However, the case in which the difference
value is 0 (or within the error range) in step 'S140’ may
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be excluded.

[0117] The signal quality control apparatus 100 per-
forms the process after’A’in FIG. 9 after the signal quality
control apparatus 100 transmits the nth leftward/right-
ward adjustment signal to the clamping device 10.
[0118] Referring to FIG. 9, the signal quality control
apparatus 100 checks whether the difference value be-
tween the target signal quality value QR based on the
transmitted signal of the antenna 1 and the signal quality
measurement value QN based on the nth data lastly
measured in FIG. 8 is 0 (or within the error range). When
the difference value is O (or within the errorrange) (S210),
the signal quality control apparatus 100 may determine
that the signal quality of the antenna 1 satisfies the target
value and stop the operation of controlling the signal qual-
ity.

[0119] Meanwhile, when the difference value is not 0
(orwithin the error range) in step 'S210’, the signal quality
control apparatus 100 requests the first data again from
the first terminal 21 among the n terminal devices 20
disposed within the network (S220 and S230).

[0120] Thereafter, when the signal quality control ap-
paratus 100 receives the first data from the first terminal
21 (S240), the signal quality control apparatus 100
checks whether the difference value between the target
signal quality value QR based on the transmitted signal
of the antenna 1 and the signal quality measurement val-
ue Q1 based on the first data is O (or within the error
range). When the difference value is 0 (or within the error
range) (S250), the signal quality control apparatus 100
requests the second data from the next second terminal
22 (S290, and S230).

[0121] Meanwhile, when the difference value is not 0
(orwithin the error range) in step 'S250’, the signal quality
control apparatus 100 determines the rotation direction
as the upward/downward direction and determines the
rotation angle in the upward/downward direction (S260).
In this case, the signal quality control apparatus 100 may
determine the rotation angle on the basis of the difference
value in step 'S250’ or determine the rotation angle as a
predetermined value.

[0122] The signal quality control apparatus 100 trans-
mits an upward/downward adjustment signal including
the rotation direction and the rotation angle, which are
determined in step 'S260’, to the clamping device 10
(S270). Therefore, the clamping device 10 may adjust
the upward and downward rotations of the antenna 1 on
the basis of the received upward/downward adjustment
signal.

[0123] Thereafter, the signal quality control apparatus
100 repeatedly performs steps 'S230°, 'S240’, 'S250’,
'S260’,’'S270’,’'S280’, and 'S290’ until the signal quality
control apparatus 100 transmits an nth upward/down-
ward adjustment signal including the rotation direction
and the rotation angle, which are determined on the basis
of the nth data received from the nth terminal, to the
clamping device 10.

[0124] Therefore, the clamping device 10 adjusts the
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rotation of the antenna 1 in the upward/downward direc-
tion n times. However, the case in which the difference
value is 0 (or within the error range) in step 'S250’ may
be excluded.

[0125] The signal quality control apparatus 100 may
perform again the operation from step 'S110’ in FIG. 8
when the signal quality of the antenna 1 does not satisfy
the target value even after the nth leftward/rightward ad-
justment signal is transmitted to the clamping device 10.
As another example, when the signal quality does not
satisfy the target value even after the rotations of the
antenna in the leftward, rightward, upward, and down-
ward directions are adjusted, the signal quality control
apparatus 100 may inform this situation and stop the re-
lated operation.

[0126] The embodiment of the method of controlling
signal quality of an antenna according to the present in-
vention using the apparatus for controlling signal quality
of an antenna, which is configured as described above,
will be briefly described below.

[0127] Referring to FIGS. 6 to 9, the embodiment of
the method of controlling signal quality of an antenna
according to the present invention includes: requesting
the signal quality measurement data in a predetermined
order from any one of the plurality of terminal devices
disposed at the predetermined positions within the net-
work; calculating the signal quality measurement value
of the antenna on the basis of the signal quality meas-
urement data received from any one of the terminal de-
vices; comparing the target signal quality value of the
antenna with the calculated signal quality measurement
value and determining the rotation direction and the angle
of the antenna on the basis of the difference value; and
transmitting the adjustment signal including information
on the determined rotation direction and the determined
angle of the antenna to the clamping device configured
to adjust the rotation of the antenna.

[0128] In this case, the requesting of the signal quality
measurement data is a step performed by the commu-
nication unit 120 configured to receive the signal quality
measurement data from the plurality of terminal devices
20 disposed at the predetermined positions within the
network, i.e., a step of requesting the signal quality meas-
urement data from the terminal device 20 in the prede-
termined order among the plurality of terminal devices
20, i.e., electronic terminals each having a communica-
tion function.

[0129] Further, the calculating of the signal quality
measurement value is a step of determining the rotation
angle adjustment value of the antenna 1 in the left-
ward/rightward direction and/or the upward/downward
direction on the basis of the quality measurement data
which is requested in the requesting of the signal quality
measurement data and is then received from the corre-
sponding terminal device 20. The calculating of the signal
quality measurement value may be defined as a step
performed by the signal quality calculation unit 140 and
the rotation determination unit 150.
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[0130] Further, the transmitting of the adjustment sig-
nal to the clamping device is a step of transmitting the
adjustment signal including the information on the rota-
tion direction and the angle of the antenna to the clamping
device by using the control unit 110 when the rotation
angle adjustment value of the antenna 1 is determined
by the determining of the rotation direction and the angle
of the antenna.

[0131] The above description is simply given for illus-
tratively describing the technical spirit of the present in-
vention, and those skilled in the art to which the present
invention pertains will appreciate that various changes
and modifications are possible without departing from
the essential characteristic of the present invention.
[0132] Therefore, the exemplary embodiments dis-
closedin the presentinvention are provided forillustrative
purposes only but not intended to limit the technical spirit
of the present invention. The scope of the technical spirit
of the present invention is not limited thereby. The pro-
tective scope of the present invention should be con-
strued based on the following claims, and all the technical
spiritin the equivalent scope thereto should be construed
as falling within the scope of the present invention.

[Industrial Applicability]

[0133] The present invention provides the apparatus
and method for controlling signal quality of an antenna,
which are capable of easily adjusting the rotation angle
of the antenna and providing the signal quality of the an-
tenna at a high level of satisfaction.

Claims

1. An apparatus for controlling signal quality of an an-
tenna, the apparatus comprising:

a communication unit configured to receive sig-
nal quality measurement data from a plurality of
terminal devices disposed at predetermined po-
sitions within a network;

a signal quality calculation unit configured to cal-
culate a signal quality measurement value of an
antenna based on the signal quality measure-
ment data received from any one of the plurality
of terminal devices; and

a rotation determination unit configured to com-
pare a target signal quality value of the antenna
with the calculated signal quality measurement
value and determine a rotation direction and an
angle of the antenna on the basis of a difference
value between the target signal quality value and
the signal quality measurement value,

wherein a rotation of a clamping device is ad-
justed on the basis of an adjustment signal in-
cluding information on the determined rotation
direction and the determined angle of the anten-



19 EP 4 040 693 A1

na.
The apparatus of claim 1, further comprising:

a control unit configured to transmit the adjust-
ment signal to the clamping device to adjust a
rotation of the antenna.

The apparatus of claim 2, wherein the control unit
requests the signal quality measurement data in a
predetermined order from any one of the plurality of
terminal devices, and the control unit requests the
signal quality measurement data from the next ter-
minal device after the rotation of the antenna is ad-
justed on the basis of the adjustment signal.

The apparatus of claim 3, wherein the rotation de-
termination unit determines a rotation direction of the
antenna as a direction identical to a previously de-
termined rotation direction when a second difference
value between the target signal quality value of the
antenna and a signal quality measurement value cal-
culated on the basis of the signal quality measure-
ment data received from the next terminal device is
smaller than a first difference value calculated pre-
viously, and

wherein the rotation determination unit determines
a rotation direction of the antenna as a direction op-
posite to the previously determined rotation direction
when the second difference value is equal to or larger
than the first difference value calculated previously.

The apparatus of claim 2, wherein the rotation de-
termination unit determines that the signal quality of
the antenna does not satisfy a target value and de-
termines a rotation angle in a leftward/rightward di-
rection of the antenna when the difference value is
not O or deviates from a predetermined error range.

The apparatus of claim 5, wherein the control unit
requests again the signal quality measurement data
in the predetermined order from any one of the plu-
rality of terminal devices when the signal quality of
the antenna does not satisfy the target value after
the rotation angle in the leftward/rightward direction
of the antenna is adjusted on the basis of the signal
quality measurement data sequentially received
from the plurality of terminal devices.

The apparatus of claim 6, wherein the rotation de-
termination unit determines a rotation angle in an
upward/downward direction of the antenna when the
signal quality measurement data received from the
terminal device are data received again.

The apparatus of claim 5, wherein the control unit
determines to stop the rotation of the antenna when
the signal quality of the antenna satisfies the target
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value after the rotation angle in the leftward/right-
ward direction of the antennais adjusted on the basis
of the signal quality measurement data sequentially
received from the plurality of terminal devices.

The apparatus of claim 2, wherein the clamping de-
vice comprises:

a tilting unit to which the antenna is coupled to
be tiltable in an upward/downward direction; and
a rotation unit to which the antenna is coupled
to be rotatable in a leftward/rightward direction,
and

wherein the control unit transmits the adjust-
ment signal to the clamping device, tilts the an-
tenna in the upward/downward direction by us-
ing the tilting unit, and rotates the antennain the
leftward/rightward direction by using the rotation
unit.

The apparatus of claim 9, wherein when the clamp-
ing device receives the adjustment signal, the clamp-
ing device operates a tilting rotation motor included
in the tilting unitand configured to electrically operate
to tilt the tilting unit in the upward/downward direc-
tion, and the clamping device operates a rotating ro-
tation motor included in the rotation unit and config-
ured to electrically operate to rotate the rotation unit
in the leftward/rightward direction.

A method of controlling signal quality of an antenna,
the method comprising:

requesting signal quality measurement data in
apredetermined order from any one of a plurality
of terminal devices disposed at predetermined
positions within a network;

calculating a signal quality measurement value
of the antenna on the basis of the signal quality
measurement data received from any one of the
terminal devices;

comparing a target signal quality value of the
antenna with the calculated signal quality meas-
urement value and determining a rotation direc-
tion and an angle of the antenna on the basis of
a difference value between the target signal
quality value and the signal quality measure-
ment value; and

transmitting an adjustment signal including in-
formation on the rotation direction and the de-
termined angle of the determined antenna to a
clamping device configured to adjust a rotation
of the antenna.
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