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Description
Title of Invention: METHOD OF POWER TRANSMITTING UNIT
(PTU) FOR DETERMINING LOCATION OF POWER
RECEIVING UNIT (PRU), AND PTU EMPLOYING THE

METHOD
Technical Field

[1] The following description relates to technology in which a power transmitting unit
(PTU) determines a location of a power receiving unit (PRU) in wireless power

transmission.

Background Art

[2] Research on wireless power transmission has been ongoing to alleviate increasingly
common inconveniences caused by wired power supplies and the limited capacity of
batteries resulting from an explosive increase in various mobile devices, such as
electric vehicles and mobile electronic devices. One wireless power transmission
technology uses resonance characteristics of radio frequency (RF) devices. A wireless
power transmission system using resonance characteristics may include a PTU that

supplies power, and a PRU that receives power.
Disclosure of Invention
Solution to Problem

[3] This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor
is it intended to be used as an aid in determining the scope of the claimed subject
matter.

(4] In one general aspect, a power transmitting unit (PTU) includes a resonating unit
including a resonator and configured to transmit a power to a power receiving unit
(PRU) that mutually resonates with the resonator at a resonant frequency of the
resonator; and a controller configured to determine whether the PRU is located within
a charging area of the PTU based on frequency information corresponding to an in-
flection point on a curve of electrical characteristics of the resonator.

[5] The resonating unit may be further configured to transmit a charging power to the
PRU in response to the controller determining that the PRU is located within the
charging area.

[6] The electrical characteristics of the resonator may include any one or any com-

bination of a voltage gain, a current gain, and a power gain of the resonator.
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The controller may be further configured to determine that the PRU is located within
the charging area in response to a frequency corresponding to a first inflection point
detected by scanning a predetermined frequency band on the curve being less than or
equal to a preset reference frequency.

The controller may include an electrical characteristics calculator configured to
calculate the electrical characteristics of the resonator based on information received
from the PRU; an inflection point detector configured to detect an inflection point of
the curve by scanning a predetermined frequency band on the curve of the calculated
electrical characteristics; a comparator configured to compare a frequency corre-
sponding to a first detected inflection point to a preset reference frequency; and a de-
terminer configured to determine whether the PRU is located within the charging area
based on a result of the comparing.

The resonator may include a capacitor; and the controller may include an electrical
characteristics calculator configured to calculate the electrical characteristics of the
resonator based on information received from the PRU; an inflection point detector
configured to detect an inflection point of the curve by scanning a predetermined
frequency band on a curve of the calculated electrical characteristics; a coupling co-
efficient detector configured to detect a change in a coupling coefficient between the
resonator and the PRU based on a voltage of the capacitor of the resonator; and a de-
terminer configured to determine whether the PRU is located within the charging area
based on a coupling coefficient corresponding to a first inflection point, among
detected inflection points of the curve, and the detected change in the coupling co-
efficient.

The resonator may have a shape of a two-dimensional (2D) pad; and the controller
may be further configured to determine whether the PRU is located within the charging
area on the 2D pad.

The resonator may have a shape configured to radiate the power to a three-di-
mensional (3D) space; and the controller may be further configured to determine
whether the PRU is located within the charging area in the 3D space.

The PTU may further include a communication unit configured to communicate with
the PRU to receive information on a power received by the PRU and information on a
power to be used by the PRU.

The PRU may include a reception resonator configured to receive the power; the
resonator of the resonating unit may be either a series resonator or a parallel resonator;
and the reception resonator may be either a series resonator or a parallel resonator.

In another general aspect, a power transmitting unit (PTU) includes a resonating unit
including a resonator, the resonator including a capacitor, the resonating unit being

configured to transmit a power to a power receiving unit (PRU) that mutually resonates
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with the resonator at a resonant frequency of the resonator; and a controller configured
to detect a change in a voltage of the capacitor, calculate a change in a coupling co-
efficient between the PRU and the resonator based on the detected change in the
voltage, and determine whether the PRU is located within a charging area of the PTU
based on the change in the coupling coefficient.

The resonating unit may be further configured to transmit the power to a PRU de-
termined to be located within the charging area based on a result of the determining.

The controller may include an electrical characteristics calculator configured to
calculate electrical characteristics of the resonator for each of a plurality of PRUs
based on information received from the plurality of PRUs; an inflection point detector
configured to detect an inflection point of a curve of the calculated electrical charac-
teristics by scanning a predetermined frequency band on the curve; a comparator
configured to compare a frequency corresponding to a first detected inflection point to
a preset reference frequency; and a determiner configured to determine a PRU located
within the charging area, among the plurality of PRUs, based on a result of the
comparing.

In another general aspect, a method of a power transmitting unit (PTU) for de-
termining a location of a power receiving unit (PRU) includes transmitting a power to
a PRU that mutually resonates with a resonator of the PTU at a resonant frequency of
the resonator; and determining whether the PRU is located within a charging area of
the PTU based on frequency information corresponding to an inflection point on a
curve of electrical characteristics of the resonator.

The transmitting may include transmitting a charging power to the PRU in response
to the PRU being determined to be located within the charging area.

The electrical characteristics of the resonator may include any one or any com-
bination of a voltage gain, a current gain, and a power gain of the resonator.

The determining may include determining that the PRU is located within the
charging area in response to a frequency corresponding to a first inflection point
detected by scanning a predetermined frequency band on the curve being less than or
equal to a preset reference frequency.

The determining may include calculating the electrical characteristics of the
resonator based on information received from the PRU; detecting an inflection point of
the curve by scanning a predetermined frequency band on a curve of the calculated
electrical characteristics; comparing a frequency corresponding to a first detected in-
flection point to a preset reference frequency; and determining whether the PRU is
located within the charging area based on a result of the comparing.

The determining may include calculating the electrical characteristics of the

resonator based on information received from the PRU; detecting an inflection point of
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the curve by scanning a predetermined frequency band on the curve of the calculated
electrical characteristics; detecting a change in a coupling coefficient based on a
voltage of a capacitor of the resonator; and determining whether the PRU is located
within the charging area based on a coupling coefficient corresponding to a first in-
flection point, among detected inflection points of the curve, and the detected change

in the coupling coefficient.
The method may further include communicating with the PRU to receive information

on a power received by the PRU and information on a power to be used by the PRU.

In another general aspect, a power transmitting unit (PTU) includes a resonating unit
including a resonator and configured to transmit a power to a power receiving unit
(PRU) that mutually resonates with the resonator at a resonant frequency of the
resonator; and a controller configured to determine whether the PRU is located within
a charging area of the PTU based on a coupling coefficient between the resonator and
the PRU.

The controller may be further configured to determine that the PRU is located within
the charging area in response to the coupling coefficient being greater than or equal to
a predetermined coupling coefficient.

The controller may be further configured to determine the coupling coefficient based
on an inflection point on a curve of electrical characteristics of the resonator.

Other features and aspects will be apparent from the following detailed description,
the drawings, and the claims.

Brief Description of Drawings

FIG. 1 illustrates an example of a power transmitting unit (PTU).

FIGS. 2 and 3 illustrate examples of configurations of a resonator of a resonating unit
of aPTU.

FIG. 4 illustrates another example of a PTU.

FIG. 5 illustrates an example of a configuration of a controller of a PTU.

FIG. 6 illustrates another example of a configuration of a controller of a PTU.

FIGS. 7a through 7d illustrate an example of a method of a PTU detecting a change
in a coupling coefficient.

FIG. 8 illustrates examples of curves of a voltage gain of a resonator with respect to a
change in a load of a PTU.

FIG. 9 illustrates examples of curves of a voltage gain of a resonator with respect to a
change in a coupling coefficient of a PTU.

FIGS. 10a and 10b illustrate examples of a resonator model of a resonating unit of a
PTU.

FIG. 11 illustrates an example of a method of a PTU for determining a location of a



WO 2015/037861 PCT/KR2014/008228

[38]

[39]

[40]

[41]

[42]

[43]

[44]

power receiving unit (PRU).

FIG. 12 illustrates another example of a method of a PTU for determining a location
of a PRU.

Mode for the Invention

The following detailed description is provided to assist the reader in gaining a com-
prehensive understanding of the methods, apparatuses, and/or systems described
herein. However, various changes, modifications, and equivalents of the methods, ap-
paratuses and/or systems described herein will be apparent to one of ordinary skill in
the art. The sequences of operations described herein are merely examples, and are not
limited to those set forth herein, but may be changed as will be apparent to one of
ordinary skill in the art, with the exception of operations necessarily occurring in a
certain order. Also, descriptions of functions and constructions that are well known to
one of ordinary skill in the art may be omitted for increased clarity and conciseness.

Throughout the drawings and the detailed description, the same reference numerals
refer to the same elements. The drawings may not be to scale, and the relative size,
proportions, and depiction of elements in the drawings may be exaggerated for clarity,
illustration, and convenience.

Due to characteristics of wireless power transmission technology, various charging
environments may occur depending on a location relationship between a power
transmitting unit (PTU) that transmits a power and a power receiving unit (PRU) that
receives a power. In general, to design a system having a relatively high transmission
efficiency in various charging environments, a resonator may need to be designed to
have an increased size and a complex structure.

Electrical characteristics of a resonator may be used for various determinations with
respect to a charging environment. Location information of a PRU may also be used
for the determination. In one example, whether a power is to be transmitted may be de-
termined based on the location information of the PRU. In another example, when a
plurality of PRUs are located within a power transmission area of a single PTU, the
PTU may operate suitably for a charging environment that varies based on a location
of each PRU.

Hereinafter, a method of determining whether a PTU and a PRU are disposed at
suitable locations for charging in a wireless power transmission system including the
PTU and the PRU will be described. The method may be employed for all products or
systems to which wireless power transmission is applicable.

Due to characteristics of wireless power transmission technology, parameter charac-
teristics of a resonator will change based on a distance and an angle between a PTU

and a PRU, and a great deviation of efficiency may occur. A resonator capable of
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maintaining a relatively high efficiency may be designed, and a wireless power ef-
ficiency may be increased by determining whether the PTU and a PRU are disposed
within a set distance and a set angle. For example, when a plurality of PRUs are
located in a power transmission area of a single PTU, a charging environment may
vary depending on a location of each PRU. Thus, when relative locations of the PTU
and the PRU are determined, a series of actions to increase or maintain the wireless
power efficiency may be performed.

FIG. 1 illustrates an example of a PTU 100.

Referring to FIG. 1, the PTU 100 includes a power supplier 110, a resonating unit
120, a controller 130, and a communication unit 140.

The power supplier 110 supplies a power to the resonating unit 120. The power
supplier 110 may supply the resonating unit 120 with an alternating current (AC)
voltage converted using a resonant frequency of a resonator (not shown) of the
resonating unit 120. The resonating unit 120 transmits, to a PRU 150, the power
supplied from the power supplier 110 through a mutual resonance with the PRU 150
using the resonator. The resonating unit 120 transmits the power to the PRU 150,
which mutually resonates with the resonator of the resonating unit 150 at the resonant
frequency of the resonator. The PRU 150 also includes a resonator. The resonator of
the PRU 150 receives a power from the resonating unit 120. When the controller 130
determines that the PRU 150 is located within a charging area of the PTU 100, the
resonating unit 120 transmits a charging power to the PRU 150. The charging area may
be an area set to be provided at a predetermined angle, in a predetermined direction,
and at a predetermined distance from the PTU 100.

The controller 130 determines whether the PRU 150 is located within the charging
area based on frequency information corresponding to an inflection point detected on a
curve of electrical characteristics of the resonator. The electrical characteristics of the
resonator may include any one or any combination of a voltage gain, a current gain,
and a power gain of the resonator. The controller 130 may detect the inflection point
by scanning or sweeping a predetermined frequency band on the curve of the electrical
characteristics of the resonator. When a frequency corresponding to a first inflection
point, among detected inflection points, is less than or equal to a preset reference
frequency, the controller 130 determines that the PRU 150 is located within the
charging area.

A coupling coefficient K may be changed based on a distance or an angle between a
PTU and a PRU. The coupling coefficient K may be defined by the following Equation
1.
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K - M L1L2 .

In Equation 1, M denotes a mutual inductance between the resonators included in the
resonating unit 120 and the PRU 150, and L1 and L2 respectively denote magnetic in-
ductances of the resonators included in the resonating unit 120 and the PRU 150. The
mutual inductance M is a proportional constant related to relative locations of both
resonators forming an inductive coupling. Thus, when the distance or the angle
between the PTU and the PRU is changed, the relative locations of the resonators
included in the PTU and the PRU is changed, and the mutual inductance M is changed.
Based on the definition of the coupling coefficient K, a change in the mutual in-
ductance M will result in a change in the coupling coefficient K. Accordingly, the
change in the distance or the angle between the PTU and the PRU will result in the
change in the coupling coefficient K.

The PTU 100 may detect a change in the coupling coefficient K without receiving in-
formation from the PRU 150. A change in the distance or the angle between the PTU
100 and the PRU 150 will result in a change in an inductance of the resonator of the
PRU 150, and the change in the inductance of the resonator of the PRU 150 will result
in a change in a voltage of a capacitor of the resonator included in the resonating unit
120. Thus, the PTU 100 may detect a change in the coupling coefficient K by detecting
a change in the voltage of the capacitor of the resonator included in the resonating unit
120. The change in the coupling coefficient K may be used to monitor whether a PRU
located within the charging area continuously exists within the charging area.

The controller 130 may detect a frequency corresponding to a first inflection point on
a curve of voltage gain characteristics of the resonator, and compare the detected
frequency to a predetermined reference frequency. When the detected frequency is less
than or equal to the reference frequency, the controller 130 determines that the PRU
150 is located within the charging area. In another example, when the reference
frequency is determined based on a frequency corresponding to an odd-numbered in-
flection point, the controller 130 may similarly detect the frequency corresponding to
the odd-numbered inflection point, and determine whether the PRU 150 is located
within the charging area. The controller 130 may detect a frequency corresponding to
an odd-numbered inflection point on a curve of voltage gain characteristics of the
resonator, and compare the detected frequency to a predetermined reference frequency.
When the detected frequency is less than or equal to the reference frequency, the
controller 130 determines that the PRU 150 is located within the charging area.

Although voltage gain characteristics are provided as an example of the electrical

characteristics of the resonator in the above description, the description is also ap-
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plicable to current gain characteristics and power gain characteristics.

The communication unit 140 may perform in-band communication or out-of-band
communication to receive information on a power received by the PRU 150 and in-
formation on a power to be used by the PRU 150. In the in-band communication, a
power and a signal are transmitted within a coupling area between a resonator of a
PTU and a resonator of a PRU. Thus, in contrast to the out-of-band communication,
the in-band communication may cause less interference in ambient devices. The out-
of-band communication refers to communication using a communication channel, for
example, Zigbee or Bluetooth. In the in-band communication, data may be transmitted
using a power transmission channel.

The controller 130 calculates any one or any combination of a voltage gain, a current
gain, and a power gain of the resonator of the resonating unit 120 based on the
received information on the power received by the PRU 150 by scanning the prede-
termined frequency band. The controller 130 may calculate the electrical charac-
teristics of the resonator based on a test power to reduce a power consumption until it
is determined whether the PRU 150 is located within the charging area of the PTU 100.
The controller 130 may calculate the electrical characteristics of the resonator based on
the information received by the communication unit 140 by scanning the prede-
termined frequency band.

The resonator may be provided in various two-dimensional (2D) or three-di-
mensional (3D) forms. In an example, the resonator may be provided in a form of a 2D
pad. The controller 130 may determine whether the PRU 150 is located within the
charging area on the 2D pad based on a frequency corresponding to an inflection point
of the curve of the electrical characteristics of the resonator. In another example, a 3D
resonator may have various forms to radiate a power to a 3D space. For example, the
resonator may be provided in a form of a hexahedron or a cylinder. The controller 130
may determine whether the PRU 150 is located within the charging area in the 3D
space based on a frequency corresponding to an inflection point of the curve of the
electrical characteristics of the resonator. Examples of the resonator provided in such a
2D or 3D form will be described in detail with reference to FIGS. 2 and 3.

FIGS. 2 and 3 illustrate examples of configurations of a resonator of a resonating unit
of aPTU.

Referring to FIG. 2, a resonator 210 is provided in a form of a 2D pad. A resonator
220 is provided in a PRU. The resonator 210 transmits a power in an upper direction
and a lower direction. As a location of the resonator 220 is changed, a coupling co-
efficient K between the resonator 210 and the resonator 220 is changed. A PTU may
determine whether the resonator 220 is located within a charging area of the PTU by

comparing a frequency corresponding to an inflection point of a curve of electrical
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characteristics of the resonator 210 to a reference frequency.

Referring to FIG. 3, a resonator 310 transmits a power to a 3D space 300. The
resonator 310 is provided in a PTU that transmits a power wirelessly. A resonator 320
is provided in a first PRU, and a resonator 330 is provided in a second PRU. The first
PRU and the second PRU are located in the 3D space 300. The PTU may determine
whether the resonator 320 or the resonator 330 is located within a charging area of the
PTU by comparing a frequency corresponding to an inflection point of a curve of
electrical characteristics of the resonator 310 to a reference frequency for each of the
resonators 320 and 330.

FIG. 4 illustrates another example of a PTU 400.

Referring to FIG. 4, the PTU 400 includes a resonating unit 410, a controller 420,
and a communication unit 460. The resonating unit 410 transmits a power to a plurality
of PRUs 430, 440, and 450 that mutually resonate with a resonator of the resonating
unit 410 (not shown) at a resonant frequency of the resonator. The resonating unit 410
may receive a power having an AC voltage of the resonant frequency from a power
source (not shown). The resonating unit 410 transmits a charging power to a PRU de-
termined to be located within the charging area of the PTU 400 based on a result of de-
termining performed by the controller 420. The resonating unit 410 may transmit a test
power before the determination is performed by the controller 420. The controller 420
may calculate electrical characteristics of the resonator of the resonating unit 410 based
on the test power transmitted by the resonating unit 410.

The charging area is an area set to be provided at a predetermined angle, in a prede-
termined direction, and at a predetermined distance from the PTU 400. A distance and
an angle between the PTU 400 and the PRU 430 are d1 and 01, respectively. A
distance and an angle between the PTU 400 and the PRU 440 are d2 and 62, re-
spectively. A distance and an angle between the PTU 400 and the PRU 450 are d3 and
03, respectively. The PRUs 430, 440, and 450 are present in various charging envi-
ronments based on the distances and the angles. For example, the PTU 400 may
determine that the PRU 440 at the distance d2 and the angle 62 is located within the
charging area.

The controller 420 may determine a PRU located within the charging area, among
the plurality of PRUs 430, 440, and 450, based on frequency information corre-
sponding to an inflection point detected on a curve of electrical characteristics of the
resonator for each of the plurality of PRUs 430, 440, and 450. The electrical charac-
teristics of the resonator may be calculated for each of the PRUs 430, 440, and 450.
The electrical characteristics of the resonator may include any one or any combination
of a voltage gain, a current gain, and a power gain of the resonator.

The controller 420 may determine that a PRU is located within the charging area
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when a frequency corresponding to a first detected inflection point is less than or equal
to a preset reference frequency. The first inflection point may be detected by scanning
a predetermined frequency band, for example, by increasing a frequency from a
relatively low frequency to a relatively high frequency, on the curve of the electrical
characteristics of the resonator for each of the plurality of PRUs 430, 440, and 450.
Through such calculation, all of the PRUs 430, 440, and 450, or some of the PRUs
430, 440, and 450, for example, the PRU 440, may be determined to be located within
the charging area.

The communication unit 460 may perform in-band communication or out-of-band
communication to receive information on powers received by the plurality of PRUs
430, 440, and 450 and information on powers to be used by the plurality of PRUs 430,
440, and 450 from the resonating unit 410.

The controller 420 may calculate any one or any combination of the voltage gain, the
current gain, and the power gain of the resonator based on the received information on
the powers received by the PRUs 430, 440, and 450 by scanning a frequency band. To
reduce a power consumption until it is determined which one or ones of the PRUs 430,
440, and 450 are located within the charging area, the controller 420 may calculate the
electrical characteristics of the resonator using a test power rather than a charging
power.

The controller 420 controls an amount of power to transmit a power corresponding to
a power to be used by a PRU determined to be located within the charging area among
the plurality of PRUs 430, 440, and 450 based on the received information on the
powers to be used by the plurality of PRUs 430, 440, and 450. The resonating unit 410
transmits the power controlled by the controller 420 to the one or ones of the PRUs
430, 440, and 450 that are located within the charging area.

FIG. 5 illustrates an example of a configuration of the controller 130 of FIG. 1.

Referring to FIG. 5, the controller 130 includes an electrical characteristics calculator
510, an inflection point detector 520, a comparator 530, a determiner 540, and a power
controller 550.

The electrical characteristics calculator 510 calculates electrical characteristics of a
resonator of a PTU based on information received from a PRU. The electrical charac-
teristics of the resonator may include voltage gain characteristics, current gain charac-
teristics, and power gain characteristics. The electrical characteristics calculator 510
may calculate the electrical characteristics of the resonator by scanning a prede-
termined frequency band. As a result of the calculating, a curve of the electrical char-
acteristics at each frequency in the predetermined frequency band may be obtained.

The inflection point detector 520 may detect an inflection point of the curve by

scanning a predetermined frequency band on the curve of the calculated electrical char-
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acteristics, for example, by scanning frequencies from a relatively low frequency to a
relatively high frequency. The inflection point detector 520 may detect the inflection
point of the curve by searching for a point at which a second order derivative value of
the curve is equal to 0.

The comparator 530 compares a frequency corresponding to a first detected in-
flection point to a preset reference frequency. The reference frequency may be set to
correspond to a desired coupling coefficient based on the first inflection point. In
another example, the comparator 530 may compare a frequency corresponding to an
odd-numbered inflection point to the preset reference frequency.

The determiner 540 determines whether the PRU is located within a charging area
based on a result of the comparing performed by the comparator 530. When the corre-
sponding frequency is less than or equal to the reference frequency, the determiner 540
determines that the PRU is located within the charging area. In another example, the
determiner 540 may determine that the PRU is located within the charging area in a
case in which the corresponding frequency is higher than the reference frequency. In
this example, it may be assumed that a frequency corresponding to an inflection point
increases as a coupling coefficient increases. When the PRU is determined to be
located within the charging area, the PTU transmits a power to the PRU. The PTU may
inform a user that a power is being transmitted to the PRU using any one or any com-
bination of a visual feedback, a tactile feedback, and an auditory feedback. The visual
feedback may be a method of providing visual information to a user using a display
device. The tactile feedback may be a method of providing information using an os-
cillating device. The auditory feedback may be a method of providing information
using a speaker. The display device, the oscillating device, and the speaker may be
included in the PRU or the PTU.

When the PRU is determined not to be located within the charging area, the PTU
may provide a user with any one or any combination of a visual feedback, a tactile
feedback, and an auditory feedback. The user receiving such a feedback may correct a
physical location, for example, a distance or an angle, of the PRU to reposition the
PRU within the charging area. When the PRU is determined not to be located within
the charging area, the PTU may suspend power transmission.

The power controller 550 controls an amount of power to be transmitted to the PRU
based on whether the PRU is located within the charging area, and information on a
power to be used by at least one PRU located within the charging area. The power
controller 550 may transmit an amount of power corresponding to the power to be used
by the PRU located within the charging area.

FIG. 6 illustrates another example of a configuration of the controller 130 of FIG. 1.

Referring to FIG. 6, the controller 130 includes an electrical characteristics calculator



WO 2015/037861 PCT/KR2014/008228

[79]

[80]

[81]

[82]

[83]

12

610, an inflection point detector 620, a coupling coefficient detector 630, a determiner
640, and a power controller 650.

The electrical characteristics calculator 610 calculates electrical characteristics of a
resonator of a PTU based on information received from a PRU. The electrical charac-
teristics of the resonator may include voltage gain characteristics, current gain charac-
teristics, and power gain characteristics. The electrical characteristics calculator 610
may calculate the electrical characteristics of the resonator by scanning a prede-
termined frequency band. As a result of the calculating, a curve of electrical charac-
teristics at each frequency in the predetermined frequency band may be obtained.

The inflection point detector 620 detects an inflection point of the curve by scanning
a predetermined frequency band on the curve of the calculated electrical charac-
teristics. The inflection point detector 620 may detect the inflection point of the curve
by searching for a point at which a second order derivative value of the curve is equal
to 0.

The coupling coefficient detector 630 detects a current coupling coefficient based on
a coupling coefficient corresponding to the inflection point detected by the inflection
point detector 620 and a calculated change in a coupling coefficient. The coupling co-
efficient detector 630 may calculate the change in the coupling coefficient based on a
voltage of a capacitor of the resonator included in the resonating unit 120 of FIG. 1.
Since a change in a coupling coefficient will affect a voltage of a capacitor at a
transmission terminal, the coupling coefficient detector 630 may calculate the change
in the coupling coefficient by monitoring the voltage of the capacitor of the resonator
included in the resonating unit 120. A relationship between the voltage of the capacitor
at the transmission terminal and the coupling coefficient will be described in detail
with reference to FIGS. 7a through 7d.

The determiner 640 determines that the PRU is located within a charging area when
the coupling coefficient detected by the coupling coefficient detector 630 is greater
than or equal to a predetermined coupling coefficient.

When the coupling coefficient is determined from the inflection point detected by the
electrical characteristics calculator 610 and the inflection point detector 620, the
controller 130 may determine the location of the PRU through the coupling coefficient
detector 630 and the determiner 640 without any further operations of the electrical
characteristics calculator 610 and the inflection point detector 620. In greater detail,
when the electrical characteristics calculator 610 and the inflection point detector 620
determine the current coupling coefficient, the controller 130 may continuously
monitor the current coupling coefficient based on the change in the coupling co-
efficient, and determine the location of the PRU through the monitoring of the

coupling coefficient.
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When the PRU is determined to be located within the charging area, the PTU
transmits a power to the PRU. The PTU may inform a user that a power is being
transmitted to the PRU using any one or any combination of a visual feedback, a tactile
feedback, and an auditory feedback.

When the PRU is determined not to be located within the charging area, the PTU
may provide a user with any one or any combination of a visual feedback, a tactile
feedback, and an auditory feedback. The user receiving such a feedback may correct a
physical location, for example, a distance or an angle, of the PRU to reposition the
PRU within the charging area.

The power controller 650 controls an amount of power to be transmitted to the PRU
based on whether the PRU is located within the charging area, and information on a
power to be used by at least one PRU located within the charging area. The power
controller 650 may transmit an amount of power corresponding to the power to be used
by the PRU located within the charging area.

FIGS. 7a through 7d illustrate an example of a method of a PTU detecting a change
in a coupling coefficient. In greater detail, FIG. 7a illustrates an example of a II-type
resonator model, FIG. 7b illustrates an example of a T-type equivalent circuit of the II-
type resonator model of FIG. 7a, FIG. 7c illustrates an example of a circuit in which
L2, Cs, and Rs of a reception (Rx) terminal are expressed as Z2, and FIG. 7d illustrates
an example of a circuit in which a total impedance of the Rx terminal is expressed as
ZRx.

Referring to FIG. 7b, a coupling coefficient K of FIG. 7a is converted into Lm. Lm is
defined as Lm = KV (LpLs), L1 is defined as L1 = Lp - Lm, L2 is defined as L2 = Ls -
Lm, and capacitances Cp and Cs and resistances Rp and Rs are unchanged. VTx
denotes a voltage of a transmission (Tx) terminal, and ZL denotes an impedance of a
load.

FIGS. 7a through 7d illustrate a process of expressing VCp using an equation related
to ZRx.

The following Equation 2 expresses Z2 of FIG. 7c using L2, Cs, and Rs of FIG. 7b. S

means Laplace variable in Equation 2.
1
Z,=8L,+——+R
2 2 SC s
§ @)
The following Equation 3 expresses ZRx of FIG. 7d using Z2 and ZL of FIG. 7c.

In=0r+7;



WO 2015/037861 PCT/KR2014/008228

[94]
[95]

[96]

[97]

[98]

[99]

[100]

[101]

14

The following Equation 4 expresses VCp when VTx is applied to the Tx terminal.

VT X

VC =

p
1
SC |SLi+—— +R_+7
( D Ll Scp P Rx
€]

Referring to Equation 4, ZRx appears in a denominator on a right-hand side, and thus
it may be understood that a change in ZRx will affect VCp. S means Laplace variable
in Equation 4.From Equations 2 and 3, ZRx may be expressed using Z2, and Z2 may
be expressed using L2. Thus, it may be understood that a change in L2 will result in a
change in ZRx. In addition, since L2 = Ls - Lm and Lm = KY (LpLs), it may be un-
derstood that a change in the coupling coefficient K will result in a change in Lm and a
change in L2. Thus, it may be understood that the change in the coupling coefficient K
will result in a change in VCp. Accordingly, the change in the coupling coefficient K
may be detected by measuring VCp.

A detection of a change in a coupling coefficient through measurement of voltages at
both ends of Cp is applicable to a series-series resonator as illustrated in FIGS. 7a
through 7d, a series-parallel resonator, a parallel-series resonator, and a parallel-
parallel resonator.

In another example, the PTU may determine whether the PRU is located within the
charging area based on VCp without detecting a coupling coefficient. Since a change
in VCp reflects a change in a location of the PRU, the PTU may determine the location
of the PRU based on VCp independently from the coupling coefficient.

The PTU may set VCp when the PRU is located within the charging area as a
reference value, and compare a measured VCp to the reference value to determine
whether the PRU is located within the charging area. In one example, the PTU may
monitor VCp, and determine that the PRU is located within the charging area when the
measured VCp is greater than a preset reference VCp. In another example, the PTU
may determine whether the PRU is located within the charging area based on a shape
of a graph showing the change in VCp.

FIG. 8 illustrates examples of curves of a voltage gain of a resonator with respect to a
change in a load of a PTU. Referring to FIG. 8, the load Rac represents a battery
voltage state of a PRU. As a battery is charged, a value of the load decreases.

In FIG. 8, f1, f2, and {3 denote resonant frequencies of a resonator, and may be de-
termined based on a ratio of L1, Cp, and Lm of FIG. 7b. The voltages gain curves of
FIG. 8 are measured while a coupling coefficient is unchanged. Referring to FIG. §, a

voltage gain at the resonant frequency {2 changes based on the load, whereas voltage
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gains at the resonant frequencies f1 and {3 remain constant. In addition, since the
coupling coefficient does not change, the resonant frequencies f1 and {3 based on each
load are constant. The fact that the resonant frequency is constant when the coupling
coefficient is constant indicates that the location of the PRU may be determined based
on the coupling coefficient in lieu of the resonant frequency. For example, when a
frequency corresponding to a first inflection point, for example, the first resonant
frequency f1 of FIG. 8, is less than or equal to a predetermined frequency, the PRU
may be determined to be located within the charging area. Similarly, when a measured
coupling coefficient is greater than or equal to a predetermined coupling coefficient,
the PRU may be determined to be located within the charging area.

FIG. 9 illustrates examples of curves of a voltage gain of a resonator with respect to a
change in a coupling coefficient of a PTU. Referring to FIG. 9, a curve of electrical
characteristics, for example, voltage gain characteristics, of a resonator changes based
on a coupling coefficient K. The coupling coefficient may be used as a criterion that
expresses a transmission efficiency of a power to be transferred from a PTU to a PRU.
An increase in the coupling coefficient indicates that the transmission efficiency
increases, and a decrease in the coupling coefficient indicates that the transmission ef-
ficiency decreases.

Whether the PRU is located within the charging area of the PTU may be determined
based on the coupling coefficient and a frequency corresponding to an inflection point
of the curve of the voltage gain characteristics. For example, the coupling coefficient
may be detected based on the frequency corresponding to the inflection point of the
curve of the voltage gain characteristics. When the detected coupling coefficient is
greater than or equal to a predetermined coupling coefficient, the PRU may be de-
termined to be located within the charging area of the PTU.

As the coupling coefficient increases, a frequency corresponding to a first inflection
point of the curve of the voltage gain characteristics decreases. When a desired
coupling coefficient is preset, the corresponding frequency of the first inflection point
corresponding to the desired coupling coefficient may be determined. The corre-
sponding frequency may be used as a reference frequency to determine whether the
PRU is located within the charging area.

When a distance or an angle between the PTU and the PRU is changed, the coupling
coefficient K changes, and Lm may be determined based on the coupling coefficient K.
Thus, a resonant frequency may also be changed. In this example, Lm denotes a virtual
inductance added when an II-type resonator model is equivalently converted toa T-
type model, and is illustrated in FIG. 7b. As the coupling coefficient K decreases, a
distance between resonant frequencies decreases and a voltage gain at each resonant

frequency increases. As the coupling coefficient K increases, the frequency corre-
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sponding to the first inflection point on the curve of the voltage gain characteristics
gradually decreases. A corresponding frequency 910 in a case of K =0.7 is less than a
corresponding frequency 920 in a case of K = 0.6, a corresponding frequency 930 in a
case of K=0.5, and a corresponding frequency 940 in a case of K =0.2.

Since the first inflection point of the curve of the voltage gain characteristics changes
based on the coupling coefficient K, irrespective of the load, the coupling coefficient K
between the PTU and the PRU may be determined based on the inflection point. For
example, when the desired coupling coefficient is set to 0.7, the reference frequency is
set to be the frequency 910. The PTU detects a first inflection point on a curve of
voltage gain characteristics of a resonator, and calculate a frequency corresponding to
the detected first inflection point. When the calculated frequency is less than the
frequency 910, the PRU is determined to be currently located within the charging area.
When the calculated frequency is higher than the frequency 910, the PRU is de-
termined to be located out of the charging area.

The PTU may detect a change in the coupling coefficient K without receiving
particular information from the PRU. When the PTU determines the coupling co-
efficient K between the PTU and the PRU based on an inflection point, the PTU may
detect a change in the coupling coefficient K and determine whether the PRU is
present within the charging area.

FIGS. 10a and 10b illustrate examples of a resonator model of a resonating unit of a
PTU.

A resonator may be designed in various forms. FIG. 10a illustrates an example of a
series resonator in which a resistor, a capacitor, and an inductor are connected in series
with each other, and FIG. 10b illustrates an example of a parallel resonator in which a
resistor, a capacitor, and an inductor are connected in parallel with each other. In FIG.
10a, a resonator 1010 is a series resonator, and may be provided in a PTU, and a
resonator 1020 is a series resonator, and may be provided in a PRU. In FIG. 10b, a
resonator 1030 is a parallel resonator, and may be provided in a PTU, and a resonator
1040 is a parallel resonator, and may be provided in a PRU.

Although not illustrated in FIGS. 10a and 10b, in another example, the series
resonator 1010 may be provided in a PTU, and the parallel resonator 1040 may be
provided in a PRU. In still another example, the parallel resonator 1030 may be
provided in a PTU, and the series resonator 1020 may be provided in a PRU.

FIG. 11 illustrates an example of a method of a PTU for determining a location of a
PRU.

Referring to FIG. 11, in operation 1110, the PTU is in a charging stand-by state and
stands by for charging.

In operation 1120, the PTU calculates electrical characteristics of a resonator by
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scanning a predetermined frequency band. The electrical characteristics of the
resonator may include any one or any combination of a voltage gain, a current gain,
and a power gain of the resonator.

In operation 1130, the PTU detects a first inflection point on a curve of the electrical
characteristics of the resonator. For example, a first point at which a second order
derivative value of the curve is equal to O may be detected as the first inflection point.

In operation 1140, the PTU determines whether a frequency corresponding to the
first inflection point is less than or equal to a preset reference frequency.

When the corresponding frequency is less than or equal to the preset reference
frequency, the PTU initiates charging in operation 1150. When the corresponding
frequency is greater than the preset reference frequency, the PTU returns to operation
1110 to stand by for charging.

FIG. 12 illustrates another example of a method of a PTU for determining a location
of a PRU.

Referring to FIG. 12, in operation 1210, the PTU is in a charging stand-by state and
stands by for charging.

In operation 1220, the PTU calculates electrical characteristics of a resonator for each
of a plurality of PRUs by scanning a predetermined frequency band. The electrical
characteristics of the resonator may include any one or any combination of a voltage
gain, a current gain, and a power gain of the resonator.

In operation 1230, the PTU detects a first inflection point on a curve of the electrical
characteristics of the resonator of each PRU.

In operation 1240, the PTU compares a frequency corresponding to the first in-
flection point of each PRU to a preset reference frequency.

In operation 1250, the PTU determines a PRU for which the corresponding
frequency is less than or equal to the preset reference frequency to be located within a
charging area. The corresponding frequency may be changed in each calculation,
whereas the preset reference frequency may be the same for all PRUs.

In operation 1260, the PTU controls a power to be transmitted based on a power to
be used by each PRU located within the charging area.

In operation 1270, the PTU initiates charging of each PRU located within the
charging area with the controlled power.

In one example, a PTU may easily determine whether a PRU is located within a
charging area based on a frequency corresponding to an inflection point of a curve of
electrical characteristics of a resonator.

In a case in which a plurality of PRUs are provided, the PRUs may be charged in a
suitable environment based on location information of each PRU using the method

described above.
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The controller 130 and the communication unit 140 in FIG. 1, the controller 420 and
the communication unit 460 in FIG. 4, the electrical characteristics calculator 510, the
inflection point detector 520, the comparator 530, the determiner 540, and the power
controller 550 in FIG. 5, the electrical characteristics calculator 610, the inflection
point detector 620, the coupling coefficient detector 630, the determiner 640, and the
power controller 650 in FIG. 6 that perform the various operations described with
respect to FIGS. 7, 8§, 11 and 12 may be implemented using one or more hardware
components, one or more software components, or a combination of one or more
hardware components and one or more software components.

A hardware component may be, for example, a physical device that physically
performs one or more operations, but is not limited thereto. Examples of hardware
components include resistors, capacitors, inductors, power supplies, frequency
generators, operational amplifiers, power amplifiers, low-pass filters, high-pass filters,
band-pass filters, analog-to-digital converters, digital-to-analog converters, and
processing devices.

A software component may be implemented, for example, by a processing device
controlled by software or instructions to perform one or more operations, but is not
limited thereto. A computer, controller, or other control device may cause the
processing device to run the software or execute the instructions. One software
component may be implemented by one processing device, or two or more software
components may be implemented by one processing device, or one software
component may be implemented by two or more processing devices, or two or more
software components may be implemented by two or more processing devices.

A processing device may be implemented using one or more general-purpose or
special-purpose computers, such as, for example, a processor, a controller and an
arithmetic logic unit, a digital signal processor, a microcomputer, a field-pro-
grammable array, a programmable logic unit, a microprocessor, or any other device
capable of running software or executing instructions. The processing device may run
an operating system (OS), and may run one or more software applications that operate
under the OS. The processing device may access, store, manipulate, process, and create
data when running the software or executing the instructions. For simplicity, the
singular term "processing device" may be used in the description, but one of ordinary
skill in the art will appreciate that a processing device may include multiple processing
elements and multiple types of processing elements. For example, a processing device
may include one or more processors, or one or more processors and one or more con-
trollers. In addition, different processing configurations are possible, such as parallel
processors or multi-core processors.

A processing device configured to implement a software component to perform an
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operation A may include a processor programmed to run software or execute in-
structions to control the processor to perform operation A. In addition, a processing
device configured to implement a software component to perform an operation A, an
operation B, and an operation C may have various configurations, such as, for
example, a processor configured to implement a software component to perform op-
erations A, B, and C; a first processor configured to implement a software component
to perform operation A, and a second processor configured to implement a software
component to perform operations B and C; a first processor configured to implement a
software component to perform operations A and B, and a second processor configured
to implement a software component to perform operation C; a first processor
configured to implement a software component to perform operation A, a second
processor configured to implement a software component to perform operation B, and
a third processor configured to implement a software component to perform operation
C; a first processor configured to implement a software component to perform op-
erations A, B, and C, and a second processor configured to implement a software
component to perform operations A, B, and C, or any other configuration of one or
more processors each implementing one or more of operations A, B, and C. Although
these examples refer to three operations A, B, C, the number of operations that may
implemented is not limited to three, but may be any number of operations required to
achieve a desired result or perform a desired task.

Software or instructions for controlling a processing device to implement a software
component may include a computer program, a piece of code, an instruction, or some
combination thereof, for independently or collectively instructing or configuring the
processing device to perform one or more desired operations. The software or in-
structions may include machine code that may be directly executed by the processing
device, such as machine code produced by a compiler, and/or higher-level code that
may be executed by the processing device using an interpreter. The software or in-
structions and any associated data, data files, and data structures may be embodied per-
manently or temporarily in any type of machine, component, physical or virtual
equipment, computer storage medium or device, or a propagated signal wave capable
of providing instructions or data to or being interpreted by the processing device. The
software or instructions and any associated data, data files, and data structures also
may be distributed over network-coupled computer systems so that the software or in-
structions and any associated data, data files, and data structures are stored and
executed in a distributed fashion.

For example, the software or instructions and any associated data, data files, and data
structures may be recorded, stored, or fixed in one or more non-transitory computer-

readable storage media. A non-transitory computer-readable storage medium may be
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any data storage device that is capable of storing the software or instructions and any
associated data, data files, and data structures so that they can be read by a computer
system or processing device. Examples of a non-transitory computer-readable storage
medium include read-only memory (ROM), random-access memory (RAM), flash
memory, CD-ROMs, CD-Rs, CD+Rs, CD-RWs, CD+RWs, DVD-ROMs, DVD-Rs,
DVD+Rs, DVD-RWs, DVD+RWs, DVD-RAMs, BD-ROMs, BD-Rs, BD-R LTHs,
BD-REs, magnetic tapes, floppy disks, magneto-optical data storage devices, optical
data storage devices, hard disks, solid-state disks, or any other non-transitory
computer-readable storage medium known to one of ordinary skill in the art.

[134] Functional programs, codes, and code segments for implementing the examples
disclosed herein can be easily constructed by a programmer skilled in the art to which
the examples pertain based on the drawings and their corresponding descriptions as
provided herein.

[135] While this disclosure includes specific examples, it will be apparent to one of
ordinary skill in the art that various changes in form and details may be made in these
examples without departing from the spirit and scope of the claims and their
equivalents. Suitable results may be achieved if the described techniques are performed
in a different order, and/or if components in a described system, architecture, device,
or circuit are combined in a different manner, and/or replaced or supplemented by
other components or their equivalents. Therefore, the scope of the disclosure is defined
not by the detailed description, but by the claims and their equivalents, and all
variations within the scope of the claims and their equivalents are to be construed as

being included in the disclosure.
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Claims
A power transmitting unit (PTU) comprising:
a resonating unit comprising a resonator and configured to transmit a
power to a power receiving unit (PRU) that mutually resonates with the
resonator at a resonant frequency of the resonator; and
a controller configured to determine whether the PRU is located within
a charging area of the PTU based on frequency information corre-
sponding to an inflection point on a curve of electrical characteristics of
the resonator.
The PTU of claim 1, wherein the resonating unit is further configured
to transmit a charging power to the PRU in response to the controller
determining that the PRU is located within the charging area.
The PTU of claim 1, wherein the electrical characteristics of the
resonator comprise any one or any combination of a voltage gain, a
current gain, and a power gain of the resonator.
The PTU of claim 1, wherein the controller is further configured to
determine that the PRU is located within the charging area in response
to a frequency corresponding to a first inflection point detected by
scanning a predetermined frequency band on the curve being less than
or equal to a preset reference frequency.
The PTU of claim 1, wherein the controller comprises:
an electrical characteristics calculator configured to calculate the
electrical characteristics of the resonator based on information received
from the PRU;
an inflection point detector configured to detect an inflection point of
the curve by scanning a predetermined frequency band on the curve of
the calculated electrical characteristics;
a comparator configured to compare a frequency corresponding to a
first detected inflection point to a preset reference frequency; and
a determiner configured to determine whether the PRU is located
within the charging area based on a result of the comparing.
The PTU of claim 1, wherein the resonator comprises a capacitor; and
the controller comprises:
an electrical characteristics calculator configured to calculate the
electrical characteristics of the resonator based on information received
from the PRU;

an inflection point detector configured to detect an inflection point of



WO 2015/037861

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

PCT/KR2014/008228
22

the curve by scanning a predetermined frequency band on a curve of
the calculated electrical characteristics;

a coupling coefficient detector configured to detect a change in a
coupling coefficient between the resonator and the PRU based on a
voltage of the capacitor of the resonator; and

a determiner configured to determine whether the PRU is located
within the charging area based on a coupling coefficient corresponding
to a first inflection point, among detected inflection points of the curve,
and the detected change in the coupling coefficient.

The PTU of claim 1, wherein the resonator has a shape of a two-
dimensional (2D) pad; and

the controller is further configured to determine whether the PRU is
located within the charging area on the 2D pad.

The PTU of claim 1, wherein the resonator has a shape configured to
radiate the power to a three-dimensional (3D) space; and

the controller is further configured to determine whether the PRU is
located within the charging area in the 3D space.

The PTU of claim 1, further comprising a communication unit
configured to communicate with the PRU to receive information on a
power received by the PRU and information on a power to be used by
the PRU.

The PTU of claim 9, wherein the PRU comprises a reception resonator
configured to receive the power;

the resonator of the resonating unit is either a series resonator or a
parallel resonator; and

the reception resonator is either a series resonator or a parallel
resonator.

A power transmitting unit (PTU) comprising:

a resonating unit comprising a resonator, the resonator comprising a
capacitor, the resonating unit being configured to transmit a power to a
power receiving unit (PRU) that mutually resonates with the resonator
at a resonant frequency of the resonator; and

a controller configured to detect a change in a voltage of the capacitor,
calculate a change in a coupling coefficient between the PRU and the
resonator based on the detected change in the voltage, and determine
whether the PRU is located within a charging area of the PTU based on
the change in the coupling coefficient.

The PTU of claim 11, wherein the resonating unit is further configured
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to transmit the power to a PRU determined to be located within the
charging area based on a result of the determining.

The PTU of claim 11, wherein the controller comprises:

an electrical characteristics calculator configured to calculate electrical
characteristics of the resonator for each of a plurality of PRUs based on
information received from the plurality of PRUs;

an inflection point detector configured to detect an inflection point of a
curve of the calculated electrical characteristics by scanning a prede-
termined frequency band on the curve;

a comparator configured to compare a frequency corresponding to a
first detected inflection point to a preset reference frequency; and

a determiner configured to determine a PRU located within the
charging area, among the plurality of PRUSs, based on a result of the
comparing.

A method of a power transmitting unit (PTU) for determining a
location of a power receiving unit (PRU), the method comprising:
transmitting a power to a PRU that mutually resonates with a resonator
of the PTU at a resonant frequency of the resonator; and

determining whether the PRU is located within a charging area of the
PTU based on frequency information corresponding to an inflection
point on a curve of electrical characteristics of the resonator.

The method of claim 14, wherein the transmitting comprises
transmitting a charging power to the PRU in response to the PRU being
determined to be located within the charging area.

The method of claim 14, wherein the electrical characteristics of the
resonator comprise any one or any combination of a voltage gain, a
current gain, and a power gain of the resonator.

The method of claim 14, wherein the determining comprises de-
termining that the PRU is located within the charging area in response
to a frequency corresponding to a first inflection point detected by
scanning a predetermined frequency band on the curve being less than
or equal to a preset reference frequency.

The method of claim 14, wherein the determining comprises:
calculating the electrical characteristics of the resonator based on in-
formation received from the PRU;

detecting an inflection point of the curve by scanning a predetermined
frequency band on a curve of the calculated electrical characteristics;

comparing a frequency corresponding to a first detected inflection point
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to a preset reference frequency; and

determining whether the PRU is located within the charging area based
on a result of the comparing.

The method of claim 14, wherein the determining comprises:
calculating the electrical characteristics of the resonator based on in-
formation received from the PRU;

detecting an inflection point of the curve by scanning a predetermined
frequency band on the curve of the calculated electrical characteristics;
detecting a change in a coupling coefficient based on a voltage of a
capacitor of the resonator; and

determining whether the PRU is located within the charging area based
on a coupling coefficient corresponding to a first inflection point,
among detected inflection points of the curve, and the detected change
in the coupling coefficient.

The method of claim 14, further comprising communicating with the
PRU to receive information on a power received by the PRU and in-
formation on a power to be used by the PRU.

A power transmitting unit (PTU) comprising:

a resonating unit comprising a resonator and configured to transmit a
power to a power receiving unit (PRU) that mutually resonates with the
resonator at a resonant frequency of the resonator; and

a controller configured to determine whether the PRU is located within
a charging area of the PTU based on a coupling coefficient between the
resonator and the PRU.

The PTU of claim 21, wherein the controller is further configured to
determine that the PRU is located within the charging area in response
to the coupling coefficient being greater than or equal to a prede-
termined coupling coefficient.

The PTU of claim 21, wherein the controller is further configured to
determine the coupling coefficient based on an inflection point on a

curve of electrical characteristics of the resonator.



WO 2015/037861

[Fig. 1]

1/7

Resonating
unit

Power
supplier

/J130

Controller

/‘J140

Communication
unit

[Fig. 2]

Resonator (Rx)

Resonator (Tx)

210

7
/Zﬁ

[Fig. 3]
300
)
/
{
B e A
s |
Ve | Ve |
// I // I
7 | s |
I I
s | e |
// l // l
o TR /X« :
i | > 320 |
| |
| 4 / i |
| — |
| | I |
| | |
10— T AT
| , X s
i /// B/ ///
|
|
|
|
|

PRU

PCT/KR2014/008228



WO 2015/037861
2/7
[Fig. 4]
430
/400
T
LA10

Resonating unit

|
|
|
|
|
|
i
i 420
|
i Controller
|
|
} 460
|
| | Communication
} unit
] 450
PRU
[Fig. 5]
1?0
FElectrical characteristics calculator 1 510
Inflection point detector T~ 520
Comparator T~ 530
Determiner -~ 540
Power controller —~— 550

PCT/KR2014/008228



WO 2015/037861 PCT/KR2014/008228

3/7
[Fig. 6]
1;&0
Electrical characteristics calculator [~ 610
Inflection point detector T~ 620
Coupling coefficient detector T~ 630
Determiner 1~ 640
Power controller T~ 650
[Fig. 7a]
K
Rp Cp »—~ GCs Rs
o AN il i} VWA o
Lp Lg
[Fig. 7b]
Rp
V1x
[Fig. 7c]
______________ RX
Re Cp Lt ] 1
T ] |
BIn 2l



WO 2015/037861 PCT/KR2014/008228

4/7
[Fig. 7d]
,,,,,,,,,,,,,, Rx
Rp Cp Lt ir 1!
o—AAN——] | !
| 7o
[Fig. 8]
[V/V]

1.4 T T T T T l | |
full load : Rc=15
half load : R, =10

L2 F low load : Rac=5 |

1 i &
\\\ Rac-15 //
I - K
0.8 I :
Normalized ! \/
Voltage ! |
Gai R
I I Rac
I |
I I
I I
I I
o
0.2 I a
I I
I I
0 et A

02 04 06 08 | 12 14 16 18 2
Normalized Frequency [f/f]



PCT/KR2014/008228
57

WO 2015/037861

[Fig. 9]

[3/5] Aouanbaig pazijeunioN
< 81 91 vl

—_—————— L1

Al

v0

90

_ pozijewioN

80

A

.

—

[A/A]

uren)
adejop

[Fig. 10a]

1020
y

1010
y




WO 2015/037861 PCT/KR2014/008228

6/7
[Fig. 10b]
1030 1040
[ {
T Tk |
\ — \
o— o —o
| | | |
| | | |
| | | |
| o |
i Rp% Cp—_— LP§ i i gLS —_—Cg §RS i
| o |
| | | |
| | | |
| | | |
© w \ | ‘ o
- ________ _ L - - ___ |
[Fig. 11]
C Start )
Y
> Stand by for charging -—~— 1110

Y

Scan predetermined frequency band to calculate | 1120
electrical characteristics of resonator

Y

Detect first inflection point on curve of 1130
- - - ——
electrical characteristics of resonator

i

Frequency
corresponding to first inflection

point < Preset reference 1140
frequency?
Initiate charging — 1150




WO 2015/037861 PCT/KR2014/008228
717

[Fig. 12]

C Start )

Stand by for charging —~— 1210

Scan predetermined frequency band to calculate electrical | 1220
characteristics of resonator for each of plurality of PRUs

Detect first inflection point on curve of electrical

characteristics of resonator for each PRU 1230

Compare frequency corresponding to first inflection L 1240
point for each PRU to preset reference frequency

Determine each PRU for which frequency is less than or
equal to preset reference frequency to be located within |~ 1250
charging area

Control power to be transmitted based on power to L 1260
be used by each PRU located within charging area

Initiate charging of each PRU located within
charging area with controlled power

( Ed )

—— 1270




International application No.
PCT/KR2014/008228

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
H02J 17/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO02J 17/00; HO4B 5/00; HO1F 38/00; HO4L 27/06; HOIF 38/14, HO4B 1/26

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: PTU, PRU, power, inflection point, resonator, frequency, coefficient, charge

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2012-0280575 A1 (NAM YUN KIM et al.) 08 November 2012 1-23
See abstract, paragraphs [0018],[0046], [0070]-[0076], claims 1-3,
and figures 1-3,10.

A US 2011-0081857 A1 (KWANG DU LEE et al.) 07 April 2011 1-23
See paragraphs [0013]-[0022], claims 1-5, and figures 2-5.

A US 2012-0038220 A1 (JEONG HOON KIM et al.) 16 February 2012 1-23
See abstract, paragraphs [0015]-[0022], claims 1-6, and figures 1-3.

A US 2010-0189197 A1 (TOSHIFUMI NAKATANI) 29 July 2010 1-23
See abstract, paragraphs [0132]-10160], claim 1, and figures 1A-1C.

A US 2011-0241437 A1 (HIROSHI KANNO) 06 October 2011 1-23
See paragraphs [00451-[00471, claim 1, and figure 1.

See patent family annex.

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory undetlying the invention

|:| Further documents are listed in the continuation of Box C.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

wpn

e

eatlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity ¢claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

10 December 2014 (10.12.2014)

11 December 2014 (11.12.2014)

Name and mailing address of the [ISA/KR
International Application Division
« Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

PARK, Hye Lyun

Telephone No. +82-42-481-3463

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/KR2014/008228
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012-0280575 Al 08/11/2012 KR 10-2012-0124732 A 14/11/2012
US 2011-0081857 Al 07/04/2011 KR 10-1055448 B1 08/08/2011
KR 10-10849504 Bl 18/11/2011
KR 10-2011-0037732 A 13/04/2011
US 8760006 B2 24/06/2014
US 2012-0038220 Al 16/02/2012 CN 102378332 A 14/03/2012
KR 10-1184503 B1 20/09/2012
KR 10-2012-0015921 A 22/02/2012
US 2010-0189197 Al 29/07/2010 CN 101208921 A 25/06/2008
CN 101208921 B 12/01/2011
JP 4648948 B2 09/03/2011
US 8045650 B2 25/10/2011
WO 2006-137325 Al 28/12/2006
US 2011-0241437 Al 06/10/2011 CN 102414957 A 11/04/2012
EP 2555376 Al 06/02/2013
US 8716900 B2 06/05/2014
WO 2011-122003 Al 06/10/2011

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

