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(57) Disclosed is a wireless charger for a mobile ter-
minal in a vehicle, including: a power transmitter config-
ured to wirelessly transmit power to a first mobile termi-

nal; and a processor configured to acquire model infor-
mation of the first mobile terminal, and adjust parameters
of the power based on the model information.
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Description

[0001] This application claims the priority benefit of
Provisional Applications, No. 62442048, filed on January
4, 2017, in USPTO.
[0002] This application claims the priority benefit of Ko-
rean Patent Application No. 10-2017-0041043, filed on
March 30, 2017 in the Korean Intellectual Property Office.
[0003] The present invention relates to a wireless
charger for a mobile terminal in a vehicle, and the vehicle
including the same.
[0004] Various wireless chargers for a mobile terminal
are available in the market. In addition, efforts are being
made to develop a wireless charger for a mobile terminal
in a vehicle.
[0005] Existing wireless chargers for a mobile terminal
are made to match only to a specific mobile terminal mod-
el, without considering a charging efficiency for a model.
[0006] A wireless charger for a mobile terminal in a
vehicle is used to charge an occupant’s mobile terminal.
Each occupant may have a mobile terminal of a different
model. In this case, if the existing wireless charger is
provided in the vehicle, it is not possible to charge all
mobile terminals of different models or, even when pos-
sible, a high charging efficiency may be achieved de-
pending on a model.
[0007] Meanwhile, if a user makes an attempt of wire-
less charging in the presence of a foreign substance,
such as a key holder, exists, the charging may not be
performed properly and even more there is a risk of fire.
[0008] In a vehicle, a mobile terminal needs to be
charged while implementing functions. Thus, the charg-
ing power should be 5W or greater. In this case, heat is
generated which is high enough to affect the functions
and charging of the mobile terminal. Thus, when it comes
to a wireless charger for a mobile terminal in a vehicle,
there is need for a technology of managing heat gener-
ated during wireless charging.
[0009] The present invention has been made in view
of the above problems, and it is one object of the present
invention to provide a wireless charger for a mobile ter-
minal in a vehicle, the wireless charger which performs
wireless charging in a manner compatible with a model
of a mobile terminal.
[0010] It is another object of the present invention to
provide a wireless charger for a mobile terminal, which
is provided in a vehicle capable of detecting a foreign
object.
[0011] It is yet another object of the present invention
to provide a wireless charger for a mobile terminal in a
vehicle capable of managing heat that is generated dur-
ing wireless charging.
[0012] It is yet another object of the present invention
to provide a vehicle including the wireless charger.
[0013] The objects are achieved by the independent
claims. Dependent claims refer to preferred embodi-
ments.
[0014] Objects of the present invention should not be

limited to the aforementioned objects and other unmen-
tioned objects will be clearly understood by those skilled
in the art from the following description.
[0015] In accordance with an embodiment of the
present invention, the above and other objects can be
accomplished by the provision of a wireless charger for
a mobile terminal in a vehicle, including: a power trans-
mitter configured to wirelessly transmit power to a first
mobile terminal; and a processor configured to acquire
model information of the first mobile terminal, and adjust
parameters of the power based on the model information.
[0016] In accordance with another embodiment of the
present invention, the above and other objects can be
accomplished by the provision of a wireless charger for
a mobile terminal in a vehicle, including: a power trans-
mitter configured to wirelessly transmit power to a first
mobile terminal; a memory configured to store frequency
response characteristic data for each mobile terminal
model; and a processor configured to: acquire model in-
formation of the first mobile terminal, acquire frequency
characteristic data of power transmitted from the power
transmitter, and detect a foreign object by comparing the
frequency response characteristic data for each mobile
terminal model and the frequency characteristic data of
the power.
[0017] The present invention also relates to a wireless
charger for a mobile terminal in a vehicle, comprising: a
power transmitter configured to wirelessly transmit power
to a first mobile terminal; and a processor configured to
acquire model information of the first mobile terminal,
and adjust parameters of the power based on the model
information.
[0018] Preferably, the wireless charger further com-
prises a receiver configured to receive packet data from
the first mobile terminal, wherein the processor is con-
figured to acquire the model information based on the
packet data.
[0019] Preferably, the processor is configured to ac-
quire the model information based on frequency re-
sponse characteristic data of the first mobile terminal.
[0020] Preferably, the wireless charger further com-
prises a memory configured to store the frequency re-
sponse characteristic data for each mobile terminal mod-
el.
[0021] Preferably, the frequency response character-
istic data comprises a lookup table of frequency response
characteristic data for each mobile terminal model based
on power values.
[0022] Preferably, the frequency response character-
istic data comprises a lookup table of spatial frequency
characteristic data for each mobile terminal model based
on location information of a mobile terminal.
[0023] Preferably, the processor is configured to ac-
quire frequency characteristic data of power transmitted
from the power transmitter. Preferably, the processor is
configured to acquire the model information by compar-
ing the frequency response characteristic data for each
mobile terminal model and frequency characteristic data
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of the power.
[0024] Preferably, the processor is configured to ac-
quire frequency characteristic data of power transmitted
from the power transmitter. Preferably, the processor is
configured to detect a foreign object by comparing the
frequency response characteristic data for each mobile
terminal model and frequency characteristic data of the
power.
[0025] Preferably, the processor is configured to,
based on the model information of the first mobile termi-
nal, receive frequency response characteristic data of
the first mobile terminal stored in the memory. Preferably,
the processor is configured to detect a foreign object by
comparing the frequency response characteristic data of
the first mobile terminal and frequency characteristic data
of the power. Preferably, the processor is configured to
detect a foreign object by comparing a gradient corre-
sponding to a first section of a frequency response char-
acteristic graph of the first mobile terminal and a gradient
corresponding to a first section of a frequency character-
istic graph of the power.
[0026] Preferably, when it is determined that the for-
eign object is detected, the processor is configured to
control the power transmitter so that power is not trans-
mitted to the first mobile terminal.
[0027] Preferably, the wireless charger further com-
prises an interface unit configured to exchange a signal
with a user interface apparatus for vehicle.
[0028] Preferably, when it is determined that the for-
eign object is detected, the processor is configured to
provide information on detection of the foreign object to
the user interface apparatus.
[0029] Preferably, the power transmitter comprises a
plurality of transmitter coils. Preferably, the processor is
configured to acquire frequency characteristic data for
power from each of the transmitter coils.
[0030] Preferably, based on the frequency character-
istic data of power acquired from each of the transmitter
coils, the processor is configured to determine a coil, from
among the plurality of transmitter coils, via which power
is to be wirelessly transmitted to the first mobile terminal.
[0031] Preferably, the processor is configured to detect
a foreign object located in an area corresponding to each
of the transmitter coils, by comparing the frequency re-
sponse characteristic data for each mobile terminal mod-
el and the frequency characteristic data of the power ac-
quired from each of the transmitter coils.
[0032] Preferably, the wireless charger further com-
prises a plurality of indicators disposed to correspond to
the plurality of transmitter coils, respectively. Preferably,
the processor is configured to control operation of at least
one of the indicators based on information about whether
the foreign object is detected and information about an
area from which the foreign object is detected.
[0033] The details of other embodiments are included
in the following description and the accompanying draw-
ings.
[0034] The embodiments of the present invention have

one or more effects as follows.
[0035] First, it is possible to efficiently perform wireless
charging of various models of mobile terminals pos-
sessed by an occupant in a vehicle.
[0036] Second, it is possible to efficiently charge a plu-
rality of mobile terminals at the same time.
[0037] Third, it is possible to detect a foreign object
and, in response to the detection, stop wireless charging
or notify a user of the detection, thereby preventing a fire
and removing a factor that disturbs the wireless charging.
[0038] Fourth, when wireless charging is performed
while a mobile terminal implements functions in a vehicle
in association with the vehicle, heat generated during the
wireless charging is managed, so that the wireless charg-
ing may not be affected by the heat.
[0039] Effects of the present invention should not be
limited to the aforementioned effects and other unmen-
tioned effects will be clearly understood by those skilled
in the art from the claims.
[0040] The embodiments will be described in detail
with reference to the following drawings in which like ref-
erence numerals refer to like elements wherein:

FIG. 1 is a diagram illustrating a wireless charging
method of a wireless charger of a mobile terminal in
a vehicle according to an embodiment of the present
invention;
FIG. 2 is a diagram illustrating the exterior appear-
ance of a vehicle according to an embodiment of the
present invention;
FIG. 3 is a diagram illustrating an example of an in-
terior region of a vehicle, the region in which a wire-
less charger for a mobile terminal in a vehicle ac-
cording to an embodiment of the present invention
is located;
FIG. 4 is a perspective view of a wireless charger for
a mobile terminal in a vehicle according to an em-
bodiment of the present invention;
FIG. 5A is an exploded perspective view of a wireless
charger for a mobile terminal in a vehicle according
to an embodiment of the present invention;
FIG. 5B is a cross-sectional view taken along line A-
A in FIG. 4;
FIG. 6 is a diagram illustrating a wireless charging
system according to an embodiment of the present
invention;
FIG. 7 is a flowchart illustrating operation of a wire-
less charger according to an embodiment of the
present invention;
FIG. 8 is a flowchart illustrating operation of a wire-
less charger according to an embodiment of the
present invention;
FIGS. 9A to 14 are diagrams illustrating packet data
according to an embodiment of the present inven-
tion;
FIG. 15 is a diagram for explanation of frequency
response characteristic data for each model of a mo-
bile terminal according to an embodiment of the
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present invention;
FIGS. 16A to 16D are diagrams for explanation of
frequency characteristic data based on a location of
a mobile terminal according to an embodiment of the
present invention;
FIG. 17 is a diagram for explanation of an operation
of detecting a foreign object according to an embod-
iment of the present invention;
FIGS. 18A and 18B are diagrams illustrating how a
wireless charger is performed when a plurality of
transmitter coils are provided, according to an em-
bodiment of the present invention;
FIGS. 19A to 19C are diagrams illustrating operation
of indicators according to an embodiment of the
present invention; and
FIG. 20 is a diagram for explanation of how to detect
a foreign object based on temperature information
according to an embodiment of the present inven-
tion.

[0041] Hereinafter, the embodiments disclosed in the
present specification will be described in detail with ref-
erence to the accompanying drawings, and the same or
similar elements are denoted by the same reference nu-
merals even though they are depicted in different draw-
ings and redundant descriptions thereof will be omitted.
In the following description, with respect to constituent
elements used in the following description, the suffixes
"module" and "unit" are used or combined with each other
only in consideration of ease in the preparation of the
specification, and do not have or serve as different mean-
ings. Accordingly, the suffixes "module" and "unit" may
be interchanged with each other. In addition, in the fol-
lowing description of the embodiments disclosed in the
present specification, a detailed description of known
functions and configurations incorporated herein will be
omitted when it may make the subject matter of the em-
bodiments disclosed in the present specification rather
unclear. In addition, the accompanying drawings are pro-
vided only for a better understanding of the embodiments
disclosed in the present specification and are not intend-
ed to limit the technical ideas disclosed in the present
specification. Therefore, it should be understood that the
accompanying drawings include all modifications, equiv-
alents and substitutions included in the scope and sprit
of the present invention.
[0042] It will be understood that although the terms
"first," "second," etc., may be used herein to describe
various components, these components should not be
limited by these terms. These terms are only used to
distinguish one component from another component.
[0043] It will be understood that when a component is
referred to as being "connected to" or "coupled to" an-
other component, it may be directly connected to or cou-
pled to another component or intervening components
may be present. In contrast, when a component is re-
ferred to as being "directly connected to" or "directly cou-
pled to" another component, there are no intervening

components present.
[0044] As used herein, the singular form is intended to
include the plural forms as well, unless the context clearly
indicates otherwise.
[0045] In the present application, it will be further un-
derstood that the terms "comprises", includes," etc.
specify the presence of stated features, integers, steps,
operations, elements, components, or combinations
thereof, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, or combinations thereof.
[0046] A vehicle as described in this specification may
include an automobile and a motorcycle. Hereinafter, a
description will be given based on an automobile.
[0047] A vehicle as described in this specification may
include all of an internal combustion engine vehicle in-
cluding an engine as a power source, a hybrid vehicle
including both an engine and an electric motor as a power
source, and an electric vehicle including an electric motor
as a power source.
[0048] In the following description, "the left side of the
vehicle" refers to the left side in the forward driving di-
rection of the vehicle, and "the right side of the vehicle"
refers to the right side in the forward driving direction of
the vehicle.
[0049] FIG. 1 is a diagram illustrating a wireless charg-
ing method of a wireless charger of a mobile terminal in
a vehicle according to an embodiment of the present in-
vention.
[0050] Referring to FIG. 1, a wireless charger 100 for
a mobile terminal in a vehicle may use inductive coupling
or resonance coupling.
[0051] Inductive coupling works on the principle that,
when intensity of a current flowing in a primary coil be-
tween two adjacent coils is changed, a magnetic filed is
changed by the current and in turn a magnetic flux pass-
ing through a secondary coil is changed to thereby gen-
erate an induced electromotive force on the side of the
secondary coil. That is, if two coils are placed close to
each other and only a current of the primary coil is
changed, an induced electromotive force may be gener-
ated even though two wires are not moved spatially.
[0052] Resonance coupling works on the principle that,
when two coils are at a specific distance, a resonant fre-
quency is applied to a primary coil between the two coils
to thereby generate variation of a magnetic field and
some of the variation is applied to a secondary coil having
the same resonant frequency to thereby generate an in-
duced electromotive force. According to this method, if
a transmitter and a receiver resonate at the same fre-
quency, a magnetic wave is transferred through a near
magnetic field. Thus, if the transmitter and the receiver
have different frequencies, energy is not transferred ther-
ebetween.
[0053] In inductive coupling or resonance coupling, a
primary coil may be referred to as a transmitter coil 116
(see FIG. 6) and a secondary coil may be referred to as
a receiver coil 216 (see FIG. 6).
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[0054] The wireless charger 100 may wirelessly trans-
mit power to one or more mobile terminals 200.
[0055] To this end, the wireless charger 100 may in-
clude a plurality of transmitter coils.
[0056] FIG. 2 is a diagram illustrating the exterior ap-
pearance of a vehicle according to an embodiment of the
present invention.
[0057] A vehicle 10 may include a include wheels,
which are rotated by a power source, and a steering input
device for adjusting a direction of travel of the vehicle 10.
[0058] The vehicle 10 may be an autonomous vehicle.
[0059] The vehicle 10 may switch to an autonomous
mode or a manual mode based on a user input.
[0060] The vehicle 10 may communicate with the mo-
bile terminal 200. The mobile terminal 200 may perform
various functions through communication with the vehi-
cle 10.
[0061] The vehicle 10 may include the wireless charger
100.
[0062] The mobile terminal 200 may be wirelessly
charged while providing various functions through com-
munication with the vehicle 10. In this case, heat may be
generated in the wireless charger 100 and the mobile
terminal 200.
[0063] Heat is generated during charging of the mobile
terminal 200. For the purpose of safety, the mobile ter-
minal 200 is designed to stop charging when a sensed
temperature is equal to or greater than a preset value.
[0064] If wireless charging stops due to heat generated
by the wireless charging, it takes long time for full charg-
ing and this may cause user inconvenience. In addition,
if the mobile terminal 200 is not appropriately charged,
it may cause limitation to functions of the mobile terminal
200.
[0065] The wireless charger 100 manages heat gen-
erated by wireless charging, thereby eliminating the in-
convenience caused by the long charging time. In addi-
tion, the wireless charger 100 may enable the mobile
terminal 200 to perform functions even during wireless
charging.
[0066] The term "overall length" means the length from
the front end to the rear end of the vehicle 10, the term
"overall width" means the width of the vehicle 10, and
the term "overall height" means the height from the bot-
tom of the wheel to the roof. In the following description,
the term "overall length direction L" may mean the refer-
ence direction for the measurement of the overall length
of the vehicle 10, the term "overall width direction W" may
mean the reference direction for the measurement of the
overall width of the vehicle 10, and the term "overall
height direction H" may mean the reference direction for
the measurement of the overall height of the vehicle 10.
[0067] FIG. 3 is a diagram illustrating an example of
an interior region of a vehicle, the region in which a wire-
less charger for a mobile terminal in a vehicle according
to an embodiment of the present invention is located.
[0068] Referring to FIG. 3, the wireless charger 100
may be provided inside the vehicle 10.

[0069] For example, the wireless charger 100 may be
disposed in one region of the center console, one region
of the center fascia, one region of the glove box, or one
region of the dash board.
[0070] For example, the wireless charger 100 may be
disposed in one region of an arm rest of a rear seat.
[0071] A pocket may be provided in at least one se-
lected from among the center console, the center fascia,
the glove box, the dash board, and the arm rest. The
wireless charger 100 may be provided inside the pocket.
[0072] The pocket may include a cover. The cover may
be open and close automatically or manually.
[0073] Based on opening and closing of the cover, the
wireless charger 100 may determine whether to perform
a wireless charging operation.
[0074] For example, a sensing unit 420 (see FIG. 10)
may sense opening/closing of the cover and the pres-
ence of the mobile terminal 200 in the pocket. If closing
of the cover is sensed while the presence of the mobile
terminal 200 in the pocket is sensed, the wireless charger
100 may perform wireless charging. If the presence of
the mobile terminal 200 in the pocket is not sensed or
opening of the cover is sensed, the wireless charger 100
may not perform wireless charging.
[0075] FIG. 4 is a perspective view of a wireless charg-
er for a mobile terminal in a vehicle according to an em-
bodiment of the present invention.
[0076] FIG. 5A is an exploded perspective view of a
wireless charger for a mobile terminal in a vehicle ac-
cording to an embodiment of the present invention.
[0077] FIG. 5B is a cross-sectional view taken along
line A-A in FIG. 4.
[0078] Referring to FIGS. 4 to 6, the wireless charger
100 may include a tray 11, a plate 13, a coupling antenna
14, a coil part 15, a coil bracket 16, a driving part 17, a
heat sink 180 a fan module 19, and a case 20.
[0079] In some embodiments, the wireless charger
100 may not include some of the aforementioned element
or may further include an additional element.
[0080] The mobile terminal 200 may be placed on the
tray 100.
[0081] The tray 11 may include one or more holes.
[0082] Each of the holes in the tray 11 may have a
predetermined size. For example, a plurality of holes may
have a size of 1m2 in consideration of airflow resistance
and the need of blocking foreign substances.
[0083] The plate 13 may be disposed between a first
case 21 and a coupling antenna 14.
[0084] The plate 13 may support the first case 21.
[0085] In some embodiments, the plate 13 may be
omitted.
[0086] The coupling antenna 14 may be disposed be-
low the tray 11.
[0087] The coupling antenna 14 may be disposed
above the transmitter coil 116.
[0088] The coupling antenna 14 may transmit a mobile
communication signal to the mobile terminal 200. An an-
tenna provided in the vehicle 10 may receive the mobile
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communication signal. The coupling antenna 14 may re-
ceive the mobile communication signal that is received
through the antenna provided in the vehicle 10. The cou-
pling antenna 14 may transmit the mobile communication
signal to the mobile terminal 200.
[0089] The coupling antenna 14 may amplify the re-
ceived mobile communication signal and transmit the
amplified signal to the mobile terminal 200.
[0090] If the vehicle 10 travels in an area such as moun-
tain, tunnel, or an underpass in which a reception rate of
mobile communication signals is poor, the mobile termi-
nal 200 may not receive a mobile communication signal.
In this case, the coupling antenna 14 may receive a mo-
bile communication signal through an antenna having an
excellent signal receiving rate, which is provided in the
vehicle 10, and transmit the received mobile communi-
cation signal to the mobile terminal 200.
[0091] Through the coupling antenna, the mobile ter-
minal 200 my receive a mobile communication signal
without disruption even in an area with a poor signal re-
ceiving rate. As receiving the mobile communication sig-
nal without disruption, the mobile terminal 200 may pro-
vide a user with various functions (for example, a TPEG
navigation function) based on the mobile communication
signal
[0092] The coupling antenna 14 may include a near
field communication (NFC) antenna.
[0093] The NFC antenna may receive information from
the mobile terminal 200. For example, the NFC antenna
may receive information on temperature of the mobile
terminal 200 from the mobile terminal 200. For example,
the NFC antenna may receive information on electrical
energy required for wireless charging from the mobile
terminal 200.
[0094] In some embodiments, the coupling antenna 14
may be omitted.
[0095] The transmitter coil 116 may be disposed below
the tray 11. The transmitter coil 116 may be disposed
below the coupling antenna 14.
[0096] The transmitter coil 116 may be disposed above
a driving part 17.
[0097] The transmitter coil 116 may operate in accord-
ance with a driving signal provided by the driving part 17.
The transmitter coil 116 may be electrically connected to
the driving part 17. Specifically, the transmitter coil 116
may be electrically connected to a processor 170 (see
FIG. 6), included in the driving part 170, and operate un-
der control of the processor 170.
[0098] The transmitter coil 116 may wirelessly provide
electrical energy to the mobile terminal 10.
[0099] For example, the transmitter coil 116 may pro-
vide electrical energy to the mobile terminal 10 based on
resonance coupling.
[0100] For example, the transmitter coil 116 may pro-
vide electrical energy to the mobile terminal1 10 based
on resonance coupling.
[0101] The coil bracket 16 may be disposed below the
transmitter coil 116.

[0102] The coil bracket 16 may be disposed above the
driving part 17.
[0103] The coil bracket 16 may fix the transmitter coil
116. For example, the coil bracket 16 may secure the
transmitter coil 116 to the driving part 17 using a screw
joint.
[0104] The driving part 17 may be disposed below the
transmitter coil 116.
[0105] The driving part 17 may drive the transmitter
coil 116.
[0106] The driving part 17 may include a circuit board
and a processor 170 (see FIG. 6).
[0107] The circuit board may include a Printed Circuit
Board (PCB). A plurality of devices, such as an interface
unit 130 (see FIG. 6), a processor 170 (see FIG. 6), a
memory 140 (see FIG. 6), and a fan driving unit, may be
mounted on the circuit board.
[0108] The fan driving unit may drive a fan included in
the fan module 19. The fan driving unit may operate under
control of the processor 170.
[0109] The processor 170 may be mounted on the cir-
cuit board.
[0110] The processor 170 may control the transmitter
coil 116. By providing an electric signal to the transmitter
coil 116, the processor 170 may drive the transmitter coil
116 so as to wirelessly provide electrical energy to the
mobile terminal 200.
[0111] The processor 170 may include at least one se-
lected from among Application Specific Integrated Cir-
cuits (ASICs), Digital Signal Processors (DSPs), Digital
Signal Processing Devices (DSPDs), Programmable
Logic Devices (PLDs), Field Programmable Gate Arrays
(FPGAs), processors, controllers, micro-controllers, mi-
croprocessors, and electric units for the implementation
of other functions.
[0112] The heat sink 18 may be disposed below the
driving part 17.
[0113] The heat sink 18 may be formed of a metal ma-
terial. For example, the heat sink may be formed of an
aluminum material.
[0114] The heat sink 18 may discharge internal heat
of the wireless charger 100 to the outside. For example,
the heat sink 18 may discharge heat, generated by the
transmitter coil 116 or the driving part 17, to the outside
of the wireless charger 100.
[0115] The fan module 19 may be disposed below the
driving part 17.
[0116] In some embodiments, the fan module 19 may
be disposed above the tray 11.
[0117] The fan module 19 may induce air to circulate
in an air path 23.
[0118] The fan module 19 may discharge air toward
the mobile terminal 200 through holes included in the tray
11, or may suction ambient air of the mobile terminal 200.
[0119] As the ambient air of the mobile terminal 200
flows, heat generated by wireless charging may be re-
moved.
[0120] The fan module 19 may include one or more
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fans. The fan module 19 may discharge or suction air by
rotating the fans.
[0121] The fan module 19 may include a plurality of
fans.
[0122] For example, the fan module 19 may include a
first fan and a second fan. In this case, the first fan dis-
charges or suctions air through a first air path, and the
second fan discharges or suctions air through a second
air path. The first air path may be connected to a hole
included in the tray 11. The second air path may be dis-
posed between the transmitter coil 116 and the driving
part 17, between the coupling antenna 14 and the trans-
mitter coil 116, or between the coupling antenna 14 and
the plate 13.
[0123] The fan module 19 may include at least one
selected from among a rotating fan, a solid state fan, a
piezoelectric fan, a blower fan, an axial flow fan, and a
mixed flow fan.
[0124] Meanwhile, in order to reduce vibration and
noise caused by driving of a fan, a vibration absorber
may be used in an area where a fan of the fan module
comes into contact with another component.
[0125] The case 20 may define the exterior appear-
ance of the wireless charger 100. The case 20 may have
an inner space in which each component of the wireless
charger 100 is accommodated and protected.
[0126] The case 20 may accommodate the transmitter
coil 116 and the driving part 17.
[0127] The case 20 may include a top case 21, a bot-
tom case 22, and an air path 23.
[0128] The air path 23 may be formed in the case 20.
[0129] The air path 23 may be connected to a space
accommodating the fan module 19. One side of the air
path 23 is connected to the space accommodating the
fan module 19. The space accommodating the fan mod-
ule 19 may be referred to as a fan module accommodator.
[0130] The air path 23 may be connected to the outside
space of the wireless charger 100 through holes included
in the tray 11. The other side of the air path 23 is con-
nected to the outside space of the wireless charger 100
through the holes. The outside space connected through
the holes may be a space where the mobile terminal 200
is placed. The space where the mobile terminal 200 is
placed may be referred to as a seat for the mobile terminal
200.
[0131] The air path 23 may include a first air passage
23a, a second air passage 23b, and a third air passage
23c.
[0132] The first air passage 23a may be formed in a
first direction. The first direction may be a vertical direc-
tion (for example, an overall height direction).
[0133] One end of the first air passage 23a may be
connected to a fan module accommodator which accom-
modates the fan module 19.
[0134] The second air passage 23b may be formed in
a second direction. The second direction may be a hor-
izontal direction (for example, an overall length direction
or an overall width direction).

[0135] The second air passage 23b may extend from
the other end of the first air passage 23a. One end of the
second air passage 23b may be connected to the other
end of the first air passage 23a.
[0136] The third air passage 23c may be formed in a
third direction. The third direction may be a direction at
a predetermined angle (for example, 0 to 50 degrees)
relative to the first direction. The third direction may be
a direction at a predetermined angle (for example, 40 to
90 degrees) relative to the second direction.
[0137] The third air passage 23c may extend from the
other end of the second air passage 23b. One end of the
third air passage 23c may be connected to one end of
the second air passage 23b.
[0138] The other end of the third air passage 23c may
be connected through a hole included in the tray 11 to a
space where the mobile terminal 200 is placed.
[0139] The wireless charger 100 may further include a
foreign substance blocking part 24. The foreign sub-
stance blocking part 24 may be formed in the air path 23.
[0140] The foreign substance blocking part 24 may
block a foreign substance coming from the outside into
the air path 23 through holes included in the tray 11. For
example, if liquid comes in through the holes, the foreign
substance blocking part 24 may prevent the liquid from
reaching the fan driver 19.
[0141] The foreign substance blocking part 24 may be
formed in a portion in which the first air passage 23a and
the second air flow 23b are connected. The foreign sub-
stance blocking part 24 may be a partition wall formed in
the first direction (for example, an overall height direc-
tion).
[0142] A foreign substance flowing into the second air
passage 23b is blocked by the foreign substance block-
ing part 24 and thus fails to reach the first air passage
23a. As a result, malfunction of the fan module 19 may
be prevented.
[0143] Meanwhile, the tray 11 may be detachable. It is
possible to remove foreign substances blocked by the
foreign substance blocking part 24 after detaching the
tray 11.
[0144] Meanwhile, the air path 23 may be formed such
that the more distal from the fan module 19, the smaller
cross section will be. Accordingly, air may be discharged
at a higher speed upon operation of fans, thereby in-
creasing heat removal performance.
[0145] For example, the first air passage 23a may be
formed such that a cross section gradually becomes
smaller in a direction from one end to the other end.
[0146] For example, the second air passage 23b may
be formed such that a cross section gradually becomes
smaller in a direction from one end to the other end.
[0147] For example, the third air passage 23c may be
formed such that a cross section gradually becomes
smaller in a direction from one end to the other end.
[0148] FIG. 6 is a diagram illustrating a wireless charg-
ing system according to an embodiment of the present
invention.
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[0149] Referring to FIG. 6, a wireless charging system
1 may include a wireless charger 100 and one or more
mobile terminals 200.
[0150] The wireless charger 100 may include a power
transmitter 110 and a processor 170.
[0151] The wireless charger 100 may further include a
receiving unit 120, an interface unit 130, a memory 140,
and an output unit 150 individually or in combination
thereof.
[0152] The power transmitter 110, the receiving unit
120, the interface unit 130, the memory 140, the output
unit 150, and the processor 170 may be connected elec-
trically.
[0153] In some embodiments, the wireless charger
100 may further include components which are not de-
scribed herein.
[0154] The power transmitter 110 may operate under
control of the processor 170.
[0155] The power transmitter 110 may wirelessly
transmit power to one or more mobile terminals 200.
[0156] The power transmitter 110 may wirelessly
transmit power to a first mobile terminal 200a.
[0157] The power transmitter 110 may convert power,
supplied from a batter provided in the vehicle 10, into a
wireless power signal and transmit the wireless power
signal to the mobile terminal 200.
[0158] The wireless power signal transmitted by the
power transmitter 110 may be in the form of an oscillating
magnetic field or electro-magnetic field.
[0159] The power transmitter 110 may transmit power
to the mobile terminal 200 based on at least one of in-
ductive coupling and resonance coupling.
[0160] In the case where power is transmitted based
on inductive coupling, when the intensity of a current flow-
ing in the transmitter coil 116 of the transmitter 110 is
changed, a magnetic field passing through the transmit-
ter coil 116 may be changed by the current. The changed
magnetic field causes an induced electromotive force to
be generated on the side of the receiver coil 216 of the
mobile terminal 200. Based on the induced electromotive
force, electrical energy is supplied to the mobile terminal
200.
[0161] In the case where power is transmitted based
on resonance coupling, a magnetic field having a specific
resonant frequency is formed in the power transmitter
110 by alternating power. In the case where resonance
occurs in the transmitter 110 due to the formed magnetic
field, power is generated in the mobile terminal 200 due
to the resonance.
[0162] In order to transmit power based on resonance
coupling, the power transmitter 110 may further include
a resonant circuit. The resonant circuit may be imple-
mented using capacitors. The resonant frequency may
be determined based on inductance of the transmitter
coil 116 and capacitance of the resonant circuit.
[0163] In order to transmit power based on resonance
coupling, the mobile terminal 200 may further include a
resonant circuit. The resonant circuit may be configured

such that a resonant frequency formed based on induct-
ance of the receiver coil 216 and capacitance of the res-
onant circuit is equal to a resonant frequency of a mag-
netic filed formed by the power transmitter 110.
[0164] The power transmitter 110 may include a DC-
DC converter 111, an inverter 112, a power sensing unit
113, and a transmitter coil 116.
[0165] The DC-DC converter 111 may step up or down
DC power, which is provided from a vehicle battery, to
be adequate power for transmission.
[0166] The DC-DC converter 111 may operate based
on an electrical signal provided from the processor 170.
[0167] The inverter 112 may include a DC-AC inverter.
For example, the inverter 112 may include a full bridge
circuit. The DC-AC inverter may invert DC power,
stepped up or down by the DC-DC converter, into AC
converter.
[0168] The inverter 112 may operate based on an elec-
trical signal provided from the processor 170.
[0169] The power sensing unit 113 may monitor a cur-
rent or voltage flowing in the transmitter coil 116.
[0170] The power sensing unit 113 may operate based
on an electrical signal provided from the processor 170.
[0171] The transmitter coil 116 may wirelessly transmit
power based on AC power inverted by the inverter 112.
[0172] The transmitter coil 116 may form a magnetic
field based on variation of a current.
[0173] The transmitter coil 116 may be implemented
in a flat spiral form or in a cylindrical solenoid form.
[0174] The power transmitter 110 may include a plu-
rality of transmitter coils 116.
[0175] The plurality of transmitter coils 116 may wire-
lessly transmit power to a plurality of mobile terminals
200.
[0176] For example, the power transmitter 110 may
include a first transmitter coil and a second transmitter
coil. The first transmitter coil may wirelessly transmit pow-
er to a first mobile terminal. The second transmitter coil
may wirelessly transmit power to a second mobile termi-
nal.
[0177] In some embodiments, if the power transmitter
110 includes a plurality of transmitter coils, it is possible
to transmit power to at least some of the transmitter coils
based on inductive coupling while transmitting power to
the rest of the transmitter coils based on resonance cou-
pling.
[0178] The transmitter coils 116 may operate based
on an electrical signal provided from the processor 170.
[0179] In some embodiments, the power transmitter
110 may further include a parameter adjustment unit 114.
[0180] The parameter adjustment unit 114 may adjust
one or more parameters of power.
[0181] The parameters may be a concept that including
a voltage, a current, impedance, and a frequency which
affect generation of power.
[0182] The parameter adjustment unit 114 may include
one or more of a device, a passive element, or an active
element which is able to vary a parameter.
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[0183] According to an embodiment, the converter 111
and the inverter 112 may be construed as a subordinate
concept of the parameter adjustment unit 114.
[0184] The parameter adjustment unit 114 may oper-
ate based on an electrical signal provided from the proc-
essor 170.
[0185] The processor 170 may control overall opera-
tion of each unit of the wireless charger 100.
[0186] The processor 170 may be implemented using
at least one of the following: Application Specific Inte-
grated Circuits (ASICs), Digital Signal Processors
(DSPs), Digital Signal Processing Devices (DSPDs),
Programmable Logic Devices (PLDs), Field Programma-
ble Gate Arrays (FPGAs), processors, controllers, micro-
controllers, microprocessors, and electric units for the
implementation of other functions.
[0187] The processor 170 may acquire model informa-
tion of the first mobile terminal 200a which is a subject
of wireless charging.
[0188] The model information may include at least one
of ID information, manufacturer information, manufacture
date information, country-of-manufacture information,
country-of-consumption information, product feature in-
formation, and product information of the first mobile ter-
minal 200a.
[0189] The product feature information may include
wireless charging-related information of the mobile ter-
minal 200.
[0190] For example, the product feature information
may include impedance information and resonant fre-
quency information of the first mobile terminal 200a.
[0191] The processor 170 may acquire the model in-
formation of the mobile terminal 200 based on packet
data received by the receiver 120.
[0192] The processor 170 may acquire the model in-
formation of the first mobile terminal 200a based on fre-
quency response characteristic data of the first mobile
terminal 200a.
[0193] The processor 170 may acquire frequency
characteristic data of power that is transmitted from the
transmitter 110 to the first mobile terminal 200a.
[0194] Frequency characteristic data of power may be
a concept including frequency characteristic data of a
current flowing in the transmitter coil 116.
[0195] For example, the processor 170 may monitor a
current flowing in the transmitter coil 116 using the power
sensing unit 113. The processor 170 may convert a time
domain value of the current flowing in the transmitter coil
116 into a frequency domain value so as to acquire fre-
quency characteristics of the current. The processor 170
may acquire frequency characteristic data of power
based on the frequency characteristics of the current.
[0196] The processor 170 may acquire the model in-
formation of the first mobile terminal 200a by comparing
frequency response characteristic data for each mobile
terminal model and frequency characteristic data of pow-
er.
[0197] Frequency characteristics of a current flowing

in the transmitter coil 116 differ depending on impedance
characteristics of an object placed on the tray 11. Alter-
natively, frequency characteristics of power transmitted
via the transmitter coil 116 differ depending on imped-
ance characteristics of an object placed on the tray 11.
[0198] The processor 170 may acquire model informa-
tion of the mobile terminal 200 by comparing power fre-
quency characteristic data of each mobile terminal mod-
el, which is pre-stored in the memory 140, and sensing
data-based frequency characteristic data which is based
on sensing data.
[0199] For example, the processor 170 may determine
that the sensing data based-frequency characteristic da-
ta coincides with frequency characteristic data of the first
mobile terminal 200a out of power frequency character-
istic data for each model of the mobile terminal 200 which
is stored in the memory 140. In this case, the processor
170 may determine that an object placed on a tray 11 is
the first mobile terminal 200a.
[0200] The processor 170 may adjust, based on the
acquired model information, parameters of power that is
transmitted via the power transmitter 110.
[0201] The parameters may a concept including a volt-
age, a current, impedance, and a frequency which affect
generation of power.
[0202] By controlling the parameter adjustment unit
114, the processor 170 may adjust the parameters.
[0203] For example, the processor 170 may adjust
power parameter based on impedance information of the
first mobile terminal 200a, so that power in a state suitable
for impedance of the first mobile terminal 200a can be
transmitted.
[0204] For example, the processor 170 may adjust a
power parameter based on resonant frequency informa-
tion of the first mobile terminal 200a, so that power in a
state suitable for a resonant frequency of the first mobile
terminal 200a can be transmitted.
[0205] For example, the processor 170 may adjust a
power parameter based on country-of-consumption in-
formation of the first mobile terminal 200a, so that power
can be transmitted within a range of frequencies in which
wireless charging is allowed within a country of consump-
tion.
[0206] The processor 170 may detect a foreign object
FO by comparing frequency response characteristic data
for each mobile terminal model and frequency charac-
teristic data of power.
[0207] Based on the model information of the first mo-
bile terminal 200a, the processor 170 may receive fre-
quency response characteristic data of the first mobile
terminal 200a stored in the memory 140. Then, the proc-
essor 170 may detect a foreign object FO by comparing
the frequency response characteristic data of the first
mobile terminal 200a and the frequency characteristic
data of power.
[0208] The processor 170 may determine that frequen-
cy characteristic data being based on the sensing data
does not coincide with frequency response characteristic
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data of the first mobile terminal 200a pre-stored in the
memory 140. In this case, the processor 170 may deter-
mine that a foreign object FO exists between the first
mobile terminal 200a and the tray 11.
[0209] If the foreign object FO is placed between the
first mobile terminal 200a and the tray 11, impedance of
a load to be charged may be different from impedance
of the first mobile terminal 200a, from a perspective of
the first mobile terminal 200a.
[0210] The foreign object FO may be a metallic foreign
object, such as a coin, a clip, a pin, and a key holder.
[0211] If wireless charging is performed while a metal-
lic foreign object is placed between the tray 11 and the
mobile terminal 200, the wireless charging may not be
performed efficiently possibly cause a fire. In this case,
the wireless charging needs to be stopped or it is neces-
sary to notify a user of the presence of the foreign object
so as to remove it.
[0212] For example, the processor 170 may detect a
foreign object by comparing a gradient of the first section
of a frequency response characteristic graph of the first
mobile terminal 200a with a gradient of the first section
of a power frequency graph.
[0213] If it is determined that a foreign object is detect-
ed, the processor 170 may control the power transmitter
110 so that power is not transmitted to the first mobile
terminal 200a.
[0214] As such, by controlling power not to be trans-
mitted to the first mobile terminal 200a, it is possible to
prevent a fire.
[0215] If it is determined that a foreign object is detect-
ed, the processor 170 may provide information on the
detection of the foreign object to a user interface appa-
ratus through an interface unit 130.
[0216] As such, by notifying the presence of the foreign
object through the user interface apparatus, it is possible
to induce removal of the foreign object by a user.
[0217] In the case where the power transmitter 110
includes a plurality of transmitter coils, the processor 170
may acquired frequency characteristic data of power
from each of the transmitter coils.
[0218] In this case, based on the frequency character-
istic data of power acquired from each of the plurality of
transmitter coils, the processor 170 may determine a coil,
from among the plurality of transmitter coils, via which
power is to be wirelessly transmitted to the first mobile
terminal 200a.
[0219] For example, in the case where the first mobile
terminal 200a is positioned at a location corresponding
to a first coil among the plurality of transmitter coils, fre-
quency characteristic data of power transmitted via the
first coil coincides with frequency response characteristic
data of the first mobile terminal 200a stored in the mem-
ory 140. In this case, the processor 170 may determine
the first coil to be a coil via which power is to be wirelessly
transmitted to the first mobile terminal 200a.
[0220] The processor 170 may detect foreign objects
located in areas respectively corresponding to the plu-

rality of transmitter coils, by comparing frequency re-
sponse characteristic data for each mobile terminal mod-
el and frequency characteristic data of power acquired
from each of multiple transmitter coils.
[0221] The processor 170 may control operation of an
indicator.
[0222] The processor 170 may control operation of at
least one of multiple indicators based on information
about whether a foreign object is detected and informa-
tion about an area from which the foreign object is de-
tected.
[0223] The power transmitter 110 may include a first
transmitter coil and a second transmitter coil.
[0224] The processor 170 may acquire model informa-
tion of a first mobile terminal and model information of a
second mobile terminal.
[0225] The processor 170 may wirelessly transmit
power, which is dependent upon parameters adjusted
based on the model information of the first mobile termi-
nal, to the first mobile terminal via the first transmitter coil.
[0226] The processor 170 may wirelessly transmit
power, which is dependent upon parameters adjusted
based on the model information of the second mobile
terminal, to the second mobile terminal via the second
transmitter coil.
[0227] The processor 170 may receive driving situation
information.
[0228] The processor 170 may control driving of a fan
module based on the driving situation information.
[0229] For example, the processor 170 may control a
rotation speed of a fan included in the fan module based
on driving speed information of a vehicle 10. The proc-
essor 170 may control the rotation speed of the fan by
controlling of the fan driving unit.
[0230] For example, the processor 170 may control a
rotation speed of a fan in proportion to a driving speed
of the vehicle 10. If the speed of the vehicle 10 is reduced,
the processor 170 may control the rotation speed of the
fan to be reduced gradually. If the speed of the vehicle
10 is increased, the processor 170 may control the rota-
tion speed of the fan to be increased gradually.
[0231] During driving at a low speed, noise is generat-
ed by the driving, and therefore, a user may hear loud
noise caused by driving of the fan module 19. In this case,
by reducing a rotation speed of the fan, it is possible to
prevent the user from recognizing the noise caused by
the driving of the fan module 19.
[0232] During driving at a high speed, noise is gener-
ated by the driving, and therefore, a user may not hear
noise caused by driving of the fan module 19. In this case,
by increasing a rotation speed of the fan, it is possible to
quickly and efficiently remove heat generated by wireless
charging.
[0233] The processor 170 may acquire temperature in-
formation of the mobile terminal 200.
[0234] For example, the processor 170 may receive
temperature information of the mobile terminal 200 from
the mobile terminal 200 via the receiving unit 120.

17 18 



EP 3 346 581 A1

11

5

10

15

20

25

30

35

40

45

50

55

[0235] The processor 170 may control the fan module
19 to operate for a predetermined period of time after
wireless charging of the mobile terminal 200 is complete.
[0236] Even when the wireless charging of the mobile
terminal 200 is complete, heat generated by the wireless
charging may remain.
[0237] It is possible to remove the remaining heat by
driving the fan module 19 for a predetermined period of
time even after the completion of the wireless charging.
[0238] The receiver 120 may receive data from the mo-
bile terminal 200.
[0239] For example, the receiving unit 120 may receive
packet data from the mobile terminal 200.
[0240] The interface unit 130 may exchange informa-
tion, data, or a signal with another apparatus included in
the vehicle 10. The interface unit 130 may transmit re-
ceived information, data, or signal to the processor 170.
The interface unit 130 may transmit information, data, or
a signal generated or processed by the processor 170
to another apparatus included in the vehicle 10.
[0241] The interface unit 130 may receive driving sit-
uation information.
[0242] The driving situation information may include at
least one of the following: information on an object out-
side the vehicle, navigation information, and vehicle state
information.
[0243] The information on the object may include about
information about presence of the object, information
about a location of the object, information about a dis-
tance between the vehicle 10 and the object, and infor-
mation about a speed of the vehicle 10 relative to the
object.
[0244] The navigation information may include at least
one of the following: map information, information on a
set destination, information on a route according to set-
ting of the destination, information on various objects
along the route, information on a lane, and information
on a current location of the vehicle.
[0245] The vehicle state information may be informa-
tion that is generated based on data which is sensed by
various sensors provided inside the vehicle.
[0246] For example, the vehicle state information may
include vehicle position information, vehicle speed infor-
mation, vehicle tilt information, vehicle weight informa-
tion, vehicle direction information, vehicle battery infor-
mation, vehicle fuel information, vehicle tire pressure in-
formation, vehicle steering information, in-vehicle tem-
perature information, in-vehicle humidity information,
pedal position information, vehicle engine temperature
information, etc.
[0247] The interface unit 130 may exchange a signal
with a user interface apparatus for vehicle.
[0248] The user interface apparatus for vehicle is an
apparatus for communication between the vehicle 10 and
a user. The user interface apparatus may receive a user
input, and provide information, generated in the vehicle
10, to the user via a display apparatus or a sound output
apparatus.

[0249] The memory 140 is electrically connected to the
processor 170. The memory 140 may store basic data
for each unit, control data for the operational control of
each unit, and input/output data. The memory 140 may
be any of various hardware storage devices, such as a
ROM, a RAM, an EPROM, a flash drive, and a hard drive.
The memory 140 may store various data for the overall
operation of the wireless charger 100, such as programs
for the processing or control of the processor 170.
[0250] In some embodiments, the memory 140 may
be integrally formed with the processor 170 or implement-
ed as a subordinate component of the processor 170.
[0251] The memory 140 may store frequency re-
sponse characteristic data for each model of the mobile
terminal 200.
[0252] The frequency response characteristic data for
each model of the mobile terminal 200 may include a
lookup table of frequency response characteristic data
for each model of the mobile terminal 200 based on power
values.
[0253] For example, the frequency response charac-
teristic data may include a lookup table of frequency re-
sponse characteristic data which are measurements of
wirelessly transmission power for each model of the mo-
bile terminal 200 on a unit basis of 1W in a range of 5W
to 15W.
[0254] The frequency response characteristic data for
each model of the mobile terminal 200 may include a
lookup table of spatial frequency characteristic data for
each model of the mobile terminal 200 based on location
information of the mobile terminal 200.
[0255] For example, the frequency response charac-
teristic data may include a lookup table of measurements
of frequency response characteristic data for each model
of the mobile terminal 200 based on a location of the
mobile terminal 200 on the tray 11.
[0256] The indicator may be used to notify detection
of a foreign object. Alternatively, the indicator may be
used to notify whether wireless charging is possible.
[0257] In the case where the power transmitter 110
includes a plurality of transmitter coils, the output unit
150 may include a plurality of indicators. In this case, the
plurality of indicators may be arranged to correspond to
the plurality of transmitter coils, respectively.
[0258] The mobile terminal 200 may include mobile
phones, smart phones, laptop computers, digital broad-
casting terminals, Personal Digital Assistants (PDAs),
portable multimedia players (PMPs), navigation, slate
PCs, tablet PCs, ultrabooks, and wearable devices such
as smart watches, smart glasses, and Head Mounted
Displays (HMDs).
[0259] The mobile terminal 200 may include a power
receiver 210, a transmitter 220, a charging unit 240, a
battery 250, and a controller 270.
[0260] The power receiver 210 may receive power that
is wirelessly transmitted from the wireless charger 100.
[0261] The power receiver 210 may include a receiver
coil 216, a rectifier 213, and a regulator 214.
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[0262] The transmitter 220 may transmit data to the
wireless charger 100.
[0263] For example, the transmitter 220 may transmit
packet data to the wireless charger 100.
[0264] The charging unit 240 may charge the battery
250 with power that is supplied via the power receiver
210.
[0265] The controller 270 may control overall operation
of each unit of the mobile terminal 200.
[0266] FIG. 7 is a flowchart illustrating operation of a
wireless charger according to an embodiment of the
present invention.
[0267] Referring to FIG. 7, in a selection phase S710,
the processor 170 may perform a detection process to
select the mobile terminal 200 existing in a sensing area.
[0268] The sensing area may indicate an area in which
an object possibly affects characteristics of power of the
power transmitter 110.
[0269] The processor 170 may detect, via the power
sensing unit 113, a change in power for forming a wireless
power signal of the power transmitter 110. By doing so,
the processor 170 may determine whether an object ex-
ists in an area of a specific range,
[0270] Such a detection process may be referred to as
analog ping.
[0271] The aforementioned process of acquiring pow-
er frequency characteristic data of the processor 170 may
be performed using the analog ping.
[0272] In a ping phase S720, the processor 170 may
detect the mobile terminal 200 based on received packet
data.
[0273] Such a process of detection of the mobile ter-
minal 200 may be referred to as digital ping.
[0274] The packet data will be described in detail with
reference to FIGS. 9A to 14.
[0275] In an identification and configuration phase
S730, the processor 170 may acquire identification infor-
mation and configuration information transmitted by the
mobile terminal 200 in S730.
[0276] The processor 170 may acquire a message in-
dicating the identification information from the packet da-
ta.
[0277] The processor 170 may acquire a message in-
dicating the configuration information from the packet da-
ta.
[0278] In a power transfer phase S740, the processor
170 may transmit power to the mobile terminal 200.
[0279] Based on the configuration information, the
processor 170 may adjust characteristics of power ap-
plied to a transmitter coil 116.
[0280] For example, the processor 170 may adjust pa-
rameters of the power based on the configuration infor-
mation.
[0281] The processor 170 may acquire a control error
message from the packet data.
[0282] Based on a control error value contained in the
control error message, the processor 170 may adjust
power applied to the transmitter coil 116.

[0283] The processor 170 may acquire an end power
transfer message from the packet data.
[0284] The processor 170 may end transmitting power
based on the end power transfer message.
[0285] FIG. 8 is a flowchart illustrating operation of a
wireless charger according to an embodiment of the
present invention.
[0286] Referring to FIG. 8, the processor 170 may ac-
quire model information of the mobile terminal 200 in
S810.
[0287] Step S810 may be performed based on steps
S710, S710, and S730 of FIG. 7.
[0288] The processor 170 may determine whether a
foreign object is detected in S820.
[0289] If a foreign object is not detected, the processor
170 may adjust parameters of power based on the model
information of the mobile terminal 200 in S860.
[0290] The processor 170 may transmit the power to
the mobile terminal 200 based on the adjusted parame-
ters of the power in S870.
[0291] Steps S860 and S870 may be included in step
S740 of FIG. 7.
[0292] If an object is detected in S820, the processor
170 may perform a control action to block power transfer
in S830.
[0293] The processor 170 may control an indicator to
operate in S840.
[0294] The processor 170 may provide information on
detection of a foreign object to the user interface appa-
ratus for vehicle in S850.
[0295] FIGS. 9A to 14 are diagrams illustrating packet
data according to an embodiment of the present inven-
tion.
[0296] The processor 170 may perform a control action
based on a message included in the packet data.
[0297] Referring to FIG. 9A, the mobile charger 100
and the mobile terminal 200 may transmit and receive
desired data in the form of a command packet 510. The
packet data 510 may be configured to include a header
511 and a message 512.
[0298] The header 511 may include a field indicative
of a type of data included in the message 512. The size
and type of the message may be determined based on
a value of the field indicative of a type of the data.
[0299] The header 511 may include an address field
indicative of a sender of the packet. For example, the
address field may show identifier of the mobile terminal
200 or identifier of a group to which the mobile terminal
200 belongs.
[0300] In the case where the mobile terminal 200 wish-
es to transmit the packet 510, the mobile terminal 200
may generate the packet 510 such that the packet 510
shows identification information of the mobile terminal
200.
[0301] The message 512 includes data which is de-
sired by a sender of the packet 510. Data included in the
message 512 may be a report, request, or response to
a receiver.
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[0302] In some embodiments, the command packet
510 may be configured as shown in FIG. 9B. The header
511 contained in the packet 510 may have a predeter-
mined size. For example, the header 511 may be two
bytes.
[0303] The header 511 may include a receiver address
field 5111. For example, the receiver address field 5111
may have a size of six bits.
[0304] The header 511 may include an Operation
Command Field (OCF) 5112 or an Operation Group Field
(OGF) 5113. The OGF 5113 is a value assigned to each
command group for the mobile terminal 200, and the OCF
5112 is a value assigned to each command existing in
each group to which the mobile terminal 200 belongs.
[0305] The message 512 may be divided into a param-
eter length field 5121a, and a parameter value field
5122a. That is, a sender of the packet 510 may be ex-
pressed in the form of a length-value pair (5121a-5122a,
etc.) of at least one parameter required to express data
which is to be transmitted via a message.
[0306] Referring to FIG. 9C, the wireless charger 100
and the mobile terminal 200 may transmit and receive
data in the form of a packet in which a preamble 520 and
a checksum 530 are added to transmit the command
packet 510.
[0307] The preamble 520 is used for synchronization
with data received by the wireless charger 100, and for
detection of a start bit of the command packet 510. The
preamble 520 may be configured such that the same bit
is repeated.
[0308] For example, the preamble 520 may be config-
ured such that data bit "1" resulting from DBP encoding
is repeated 11 times up to 25 times.
[0309] The checksum 530 is used for detection of an
error that could possibly occur in the command packet
510 during transmission of a power control message.
[0310] As illustrated in FIG. 10, packet data 5100 may
include: a header 5120 for notifying that the packet data
5100 is a packet indicating signal intensity; and a mes-
sage 5130 for showing intensity of a power signal that
the mobile terminal 200 receives.
[0311] The intensity of a power signal inside the mes-
sage 5130 may be a value that indicates a degree of
inductive coupling or resonance coupling for power trans-
fer between the wireless charger 100 and the mobile ter-
minal 200.
[0312] As illustrated in FIG. 11A, packet data 5200 may
be configured to include: a header 5220 for notifying that
the packet data 5200 is a packet indicating identification
information; and a message 5230 including identification
information of a mobile terminal.
[0313] The message 5230 may include information
5231 and 5232 indicating the version of a wireless power
transfer standard, information 5233 for identification of a
manufacturer of the mobile terminal 200, and information
5234 indicating the presence or absence of an extended
device identifier, and a basic device identifier 5235.
[0314] If the information 5234 indicates the presence

of the extended device identifier, packet data 5300 may
further include an extended identification packet 5330
including the extended device identifier, as shown in FIG.
11B.
[0315] The packet data 5300 may include: a header
5320 for notifying that the packet data 5300 is a packet
indicating an extended device identifier; and a message
5330 including the extended device identifier. As such,
if the extended device identifier is used, manufacturer
identification information 5233, the basic device identifier
5235, and the extended identifier 5330 may be used to
identify the mobile terminal 200.
[0316] As illustrated in FIG. 12, packet data 5400 may
include: a header 5420 for notifying that the packet data
5400 is a configuration packet; and a message 5430 in-
cluding expected maximum power.
[0317] The message 5430 may include power class
5431, information 5432 about expected maximum power;
an identifier 5433 indicative of a method of determining
a current of a major cell on the side of the wireless charger
100; and the count of selective configuration packets
5434.
[0318] The indicator 5433 may indicate whether a cur-
rent of a major cell on the side of the wireless charger
100 is determined as stated in the wireless power transfer
standard.
[0319] As illustrated in FIG. 13, packet data 5500 may
include: a header 5520 for notifying that the packet data
5500 is a control error packet; and a message 5530 in-
cluding a control error value.
[0320] Based on the control error value, the wireless
charger 100 may control power to be applied to the trans-
mitter coil 116. That is, the power applied to the trans-
mitter coil 116 may be maintained in response to a control
error value of "0", reduced in response to a negative con-
trol error value, or increased in response to a positive
control error value.
[0321] As illustrated in FIG. 14, packet data 5600 may
include: a header 5620 for notifying that the packet data
5600 is an end power transfer packet; and a message
5630 including an end power transfer code which indi-
cates a reason for the end. The end power transfer code
may indicate any one of charge complete, internal fault,
over temperature, over voltage, over current, battery fail-
ure, reconfigure, no response, and unknown fault.
[0322] Packet data may include a frequency, a duty
cycle, and amplitude of power applied to the transmitter
coil 116 at an operating point.
[0323] Packet data may include information about
strength of a wireless power signal, and information
about a degree of inductance coupling or resonance cou-
pling.
[0324] FIG. 15 is a diagram for explanation of frequen-
cy response characteristic data for each model of a mo-
bile terminal according to an embodiment of the present
invention.
[0325] FIG. 15 is a example of a Frequency Response
Shape (FRS) which shows frequency response charac-
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teristic data for each mobile terminal model. The X-axis
represents frequencies ranging from 80kHz to 120KHz,
and the Y- axis represents power levels.
[0326] The FRS may be acquired from experimental
data.
[0327] Referring to FIG. 15, each mobile terminal 200
has different frequency response characteristics de-
pending on a model thereof.
[0328] As illustrated in FIG. 15, a first mobile terminal
200a has the maximum power value at 98kHz, while a
second mobile terminal 200b has the maximum power
value at 102kHz.
[0329] The memory 140 may store a lookup table of
frequency response characteristic data for each mobile
terminal model.
[0330] Meanwhile, a frequency response characteris-
tics graph 1510 of the first mobile terminal 200a may
consist of a graph 1510a corresponding to a first power
value to a graph 1510n corresponding to the n-th power
value.
[0331] A plurality of graphs 1510a and 1510n may have
a similar pattern, but different in power levels.
[0332] The memory 140 may store a lookup table of
the frequency response characteristic data for each mod-
el of the mobile terminal 200 in based on power values.
[0333] FIGS. 16A to 16D are diagrams for explanation
of frequency characteristic data based on a location of a
mobile terminal according to an embodiment of the
present invention.
[0334] Referring to FIG. 16A, the greater distance be-
tween the mobile terminal 200 and the transmitter coil
116, the greater amount of power required for wireless
charging.
[0335] As illustrated in FIG. 16A, the greater distance
between the mobile terminal 200 and the transmitter coil
116, the greater power value required.
[0336] In the case where the mobile terminal 200 is
located in a first area on the tray 11, power required for
wireless charging is 5W to 7W.
[0337] In the case where the mobile terminal 200 is
located in a second area on the tray 11, power required
for wireless charging is 7W to 9W.
[0338] In the case where the mobile terminal 200 is
located in a third area on the tray 11, power required for
wireless charging is 9W to 12W.
[0339] As illustrated in 16B, a FRS is changed accord-
ing to a location of the mobile terminal 200 on the tray 11.
[0340] The greater the distance between the mobile
terminal 200 and the transmitter coil 116, the higher the
power level.
[0341] The memory 140 may store a lookup table of
spatial frequency characteristic data for each model of
the mobile terminal 200 based on location information of
the mobile terminal 200.
[0342] FIG. 17 is a diagram for explanation of an op-
eration of detecting a foreign object according to an em-
bodiment of the present invention.
[0343] Reference numeral 1710 indicates a frequency

response characteristics graph in the case where only
the mobile terminal 200 is located on the tray 11.
[0344] Reference numeral 1720 indicates a frequency
response characteristics graph in the case where the mo-
bile terminal 200 and a first object are located on the tray
11.
[0345] The processor 170 may acquire frequency
characteristic data of power transmitted from the power
transmitter 110 to the mobile terminal 200.
[0346] Frequency characteristic data of power may in-
clude frequency characteristic data of a current flowing
in the transmitter coil 116.
[0347] For example, using the power sensing unit 113,
the processor 170 may monitor the current flowing in the
transmitter coil 116. The processor 170 may acquire fre-
quency characteristics of the current flowing in the trans-
mitter coil 116, by converting a time domain value of the
current flowing in the transmitter coil 116 into a frequency
domain value. The processor 170 may acquire frequency
characteristic data of the power based on the frequency
characteristics of the current.
[0348] The processor 170 may acquire model informa-
tion of the mobile terminal 200 by comparing data stored
in the memory 140 and the acquired frequency charac-
teristic data of the power.
[0349] The processor 170 may detect a foreign object
FO by comparing the acquired frequency characteristic
data of the power with data stored in the memory 140.
[0350] As illustrated in FIG. 170, the processor 170
may detect a foreign object FO by comparing a FRS 1720
with data 1710 stored in the memory 140.
[0351] For example, the processor 170 may detect a
foreign object based upon a difference between a gradi-
ent of the frequency response characteristic graph 1710
of the first mobile terminal 200a and a gradient of a meas-
ured power frequency graph 1720 in a first frequency
section 1700.
[0352] FIGS. 18A and 18B are diagrams illustrating
how a wireless charger is performed when a plurality of
transmitter coils are provided, according to an embodi-
ment of the present invention.
[0353] In the case where the power transmitter 110
includes a plurality of transmitter coils, the processor 170
may acquire frequency characteristic data of power from
each of the transmitter coils.
[0354] The processor 170 may detect foreign objects
located in areas respectively corresponding to the trans-
mitter coils, by comparing frequency response charac-
teristic data for each mobile terminal model and the fre-
quency characteristic data of power acquired from each
of the transmitter coils.
[0355] As illustrated in FIG. 18A, the processor 170
may determine whether a foreign object FO is located in
a first area of the tray 11 which corresponds to a first
transmitter coil from among a plurality of transmitter coils.
[0356] In the case where the foreign object FO is lo-
cated in the first area, the processor 170 may stop wire-
less charging via the first transmitter coil.
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[0357] At this point, if it is determined that a foreign
object is not located in a second area, the processor 170
may perform wireless charging via a second transmitter
coil.
[0358] As illustrated in FIG. 18B, if it is determined that
foreign objects FO are located on both the first area,
which corresponds to the first transmitting coil from
among the plurality of transmitter coils, and the second
area, which corresponds to the second transmitting coil
from among the plurality of transmitter coils, the proces-
sor 170 may stop wireless charging via the first and sec-
ond transmitting coils.
[0359] FIGS. 19A to 19C are diagrams illustrating op-
eration of indicators according to an embodiment of the
present invention.
[0360] The wireless charger 100 may include a plurality
of indicators 1901, 1902, and 1903.
[0361] A first indicator 1901 may be disposed at a lo-
cation corresponding to the first transmitter coil.
[0362] A second indicator 1902 may be disposed at a
location corresponding to the second transmitter coil.
[0363] The third indicator 1903 may be disposed at a
location corresponding to the third transmitter coil.
[0364] Based on whether a foreign object FO is detect-
ed, the processor 170 may control the plurality of indica-
tors 1901, 1902, and 1903.
[0365] As illustrated in FIG. 19A, the processor 170
may detect a foreign object FO in a first area of the tray
11 which corresponds to the first transmitter coil.
[0366] In this case, the processor 170 may control the
first indicator 1901 to change to a first color (for example,
red).
[0367] In this case, the processor 170 may control the
second indicator 1902 and the third indicator 1903 to
change to a second color (for example, green).
[0368] In doing so, a user may check the color of the
first to third indicators 1901, 1902, and 1903, and recog-
nize that the foreign object FO is located in the first area.
[0369] As illustrated in FIG. 19B, the processor 170
may detect a foreign object FO in a second area of the
tray 11 which corresponds to the second transmitter coil.
[0370] In this case, the processor 170 may control the
second indicator 1902 to change to a first color (for ex-
ample, red).
[0371] In this case, the processor 170 may control the
first indicator 1901 and the third indicator 1903 to change
to a second color (for example, green).
[0372] As illustrated in FIG. 19C, the processor 170
may detect a foreign object FO in a third area of the tray
11 which corresponds to the third transmitter coil.
[0373] In this case, the processor 170 may control the
third indicator 1903 to change to a first color (for example,
red).
[0374] In this case, the processor 170 may control the
first indicator 1901 and the second indicator 1902 to
change to a second color (for example, green).
[0375] FIG. 20 is a diagram for explanation of how to
detect a foreign object based on temperature information

according to an embodiment of the present invention.
[0376] Referring to FIG. 20, according to an embodi-
ment, the wireless charger 100 may further include a tem-
perature sensing unit.
[0377] The temperature sensing unit may further in-
clude one or more temperature sensors.
[0378] A temperature sensor may be disposed in the
surroundings of at least one of the coupling antenna 14,
the coil part 15, and the driving part 17.
[0379] The temperature sensor may sense tempera-
ture of heat that is generated by at least one of the cou-
pling antenna 14, the coil part 15, and the driving part 17.
[0380] The temperature sensor may be disposed in a
portion where the tray 11 comes into contact with the
mobile terminal 200. In this case, the temperature sensor
may sense temperature of the mobile terminal 200.
[0381] The processor 170 may detect a foreign object
based on sensing data acquired by the temperature
sensing unit. In this case, the temperature sensor is pref-
erably disposed in a portion where the tray 11 and the
mobile terminal 200 is in contact with each other.
[0382] As illustrated in FIG. 20, if wireless charging is
performed in the absence of any foreign object, a gradient
indicated by reference numeral 2010 is given.
[0383] If wireless charging is performed in the pres-
ence of a foreign object, a gradient indicated by reference
numeral 2020 is given.
[0384] The processor 170 may set a reference gradient
2000.
[0385] The processor 170 may determine whether or
not a foreign object exists, based on gradient data which
indicates a degree of increase in temperature over time,
the gradient data which is acquired by the temperature
sensing unit.
[0386] Specifically, if a sensing data-based gradient is
greater than the reference gradient 2000, the processor
170 may determine that a foreign object exists.
[0387] In addition, if a sensing data-based gradient is
smaller than the reference gradient 2000, the processor
170 may determine that a foreign object does not exist.
[0388] The present invention as described above may
be implemented as code that can be written on a com-
puter-readable medium in which a program is recorded
and thus read by a computer. The computer-readable
medium includes all kinds of recording devices in which
data is stored in a computer-readable manner. Examples
of the computer-readable recording medium may include
a hard disk drive (HDD), a solid state disk (SSD), a silicon
disk drive (SDD), a read only memory (ROM), a random
access memory (RAM), a compact disk read only mem-
ory (CD-ROM), a magnetic tape, a floppy disc, and an
optical data storage device. In addition, the computer-
readable medium may be implemented as a carrier wave
(e.g., data transmission over the Internet). In addition,
the computer may include a processor or a controller.
Thus, the above detailed description should not be con-
strued as being limited to the embodiments set forth here-
in in all terms, but should be considered by way of ex-
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ample. The scope of the present invention should be de-
termined by the reasonable interpretation of the accom-
panying claims and all changes in the equivalent range
of the present invention are intended to be included in
the scope of the present invention.
[0389] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, var-
ious variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combi-
nation arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to
variations and modifications in the component parts
and/or arrangements, alternatives uses will also be ap-
parent to those skilled in the art.

Claims

1. A wireless charger (100) for a mobile terminal in a
vehicle (10), comprising:

a power transmitter (110) configured to wireless-
ly transmit power to a first mobile terminal
(200a); and
a processor (170) configured to acquire model
information of the first mobile terminal (200a),
and adjust parameters of the power based on
the model information.

2. The wireless charger (100) according to claim 1, fur-
ther comprising a receiver (120) configured to re-
ceive packet data from the first mobile terminal,
wherein the processor (170) is configured to acquire
the model information based on the packet data.

3. The wireless charger (100) according to claim 1 or
2, wherein the processor (170) is configured to ac-
quire the model information based on frequency re-
sponse characteristic data of the first mobile termi-
nal.

4. The wireless charger (100) according to claim 3, fur-
ther comprising a memory (140) configured to store
the frequency response characteristic data for each
mobile terminal model.

5. The wireless charger (100) according to claim 3 or
4, wherein the frequency response characteristic re-
sponse characteristic data comprises a lookup table
of frequency response characteristic data for each
mobile terminal model based on power values.

6. The wireless charger (100) according to any one of
claims 3 to 5, wherein the frequency response char-

acteristic response characteristic data comprises a
lookup table of spatial frequency characteristic data
for each mobile terminal model based on location
information of a mobile terminal.

7. The wireless charger (100) according to any one of
claims 3 to 6, wherein the processor (170) is config-
ured to:

acquire frequency characteristic data of power
transmitted from the power transmitter; and
acquire the model information by comparing the
frequency response characteristic data for each
mobile terminal model and frequency character-
istic data of the power.

8. The wireless charger (100) according to any one of
claims 3 to 7, wherein the processor (170) is config-
ured to:

acquire frequency characteristic data of power
transmitted from the power transmitter; and
detect a foreign object by comparing the fre-
quency response characteristic data for each
mobile terminal model and frequency character-
istic data of the power.

9. The wireless charger (100) according to any one of
claims 3 to 8, wherein the processor (170) is config-
ured to:

based on the model information of the first mo-
bile terminal, receive frequency response char-
acteristic data of the first mobile terminal stored
in the memory; and
detect a foreign object by comparing the fre-
quency response characteristic data of the first
mobile terminal and frequency characteristic da-
ta of the power
and/or
detect a foreign object by comparing a gradient
corresponding to a first section of a frequency
response characteristic graph of the first mobile
terminal and a gradient corresponding to a first
section of a frequency characteristic graph of
the power.

10. The wireless charger (100) according to claim 8 or
9, wherein, when it is determined that the foreign
object is detected, the processor (170) is configured
to control the power transmitter so that power is not
transmitted to the first mobile terminal.

11. The wireless charger (100) according to any one of
claims 8 to 10, further comprising an interface unit
(130) configured to exchange a signal with a user
interface apparatus for vehicle,
wherein, when it is determined that the foreign object
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is detected, the processor (170) is configured to pro-
vide information on detection of the foreign object to
the user interface apparatus.

12. The wireless charger (100) according to any one of
claims 1 to 11,
wherein the power transmitter (110) comprises a plu-
rality of transmitter coils (116), and
wherein the processor (170) is configured to acquire
frequency characteristic data for power from each of
the transmitter coils.

13. The wireless charger (100) according to claim 12,
wherein, based on the frequency characteristic data
of power acquired from each of the transmitter coils,
the processor (170) is configured to determine a coil,
from among the plurality of transmitter coils, via
which power is to be wirelessly transmitted to the
first mobile terminal.

14. The wireless charger (100) according to claim 12 or
13, wherein the processor (170) is configured to de-
tect a foreign object located in an area corresponding
to each of the transmitter coils, by comparing the
frequency response characteristic data for each mo-
bile terminal model and the frequency characteristic
data of the power acquired from each of the trans-
mitter coils.

15. The wireless charger (100) according to any one of
claims 12 to 14, further comprising a plurality of in-
dicators (1901, 1902, 1903) disposed to correspond
to the plurality of transmitter coils, respectively,
wherein the processor (170) is configured to control
operation of at least one of the indicators based on
information about whether the foreign object is de-
tected and information about an area from which the
foreign object is detected.
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