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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Wireless Power Transfer - multiple sources control management

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC xxxx, which is an International Standard, has been prepared by technical committee 100:
Audio, video and multimedia systems and equipment.

The text of this standard is based on the following documents:

Enquiry draft Report on voting

100/xxx/CDV 100/XX/RVC

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date” indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

transformed into an International standard,
reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.

A bilingual version of this publication may be issued at a later date.

2 The National Committees are requested to note that for this publication the maintenance result date is .
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INTRODUCTION

Multimedia products with wireless power transfer, which makes a use of electromagnetic
induction technology, are spreading in the market. The wireless power transfer system
enables users to remove difficulty of connecting power line cable. Electromagnetic induction
technology requests that users put a power source and a receiving device at a short distance
in order to charge a battery in its device.

On the other hand, magnetic resonance technology on power transfer system is also being
developed. Magnetic resonance technology would give a spatial effect on power transfer. A
spatial effect on wireless power transfer means that multiple power sources deliver power to
multiple receiving devices at a distance in spatial space.

In order to efficiently manage and support the wireless power transfer in spatial space, power
sources need to communicate and coordinate each other.
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Wireless Power Transfer - multiple sources control management

1 Scope

This International Standard specifies methods and procedures of formation of multiple groups
on a spatial wireless power transfer system. A group on spatial wireless power transfer
system, which is responsible for power transfer to receiving devices, has multiple power
sources.

This International Standard also specifies within a group methods of setting, sharing and
controlling power transfer conditions among multiple power sources in order to achieve
efficient power transfer to multiple receiving devices.

2 Normative references

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document the following terms and definitions apply.

3.1.1 Spatial wireless power transfer

a concept of wireless power transfer between multiple sources and multiple receiving devices
which are placed at a distance within a spatial space.

NOTE: As a special case, spatial wireless power transfer is allowed to have only single power source and single
power receiving device.

3.1.2 Spatial wireless power transfer system

a group on spatial wireless power transfer, in which power source can deliver power and data
to power receiving device

NOTE: spatial wireless power transfer system includes the case in which a power source has ability to access a
power receiving device via any other power sources when the power source attempts to deliver data to the
receiving device.

3.1.3 Wireless power transfer system-source

a power transmitter in spatial wireless power transfer system
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3.1.4 Wireless power transfer system-source network

a group of power sources which can communicate each other via network connection, such as
wired LAN, wireless LAN, Bluetooth and so on.

NOTE: As a special case, spatial wireless power transfer system-source network is allowed to consist of only
single source.

3.1.5 Power transfer area

an area in which a power source can deliver power to a power receiving devices wirelessly

3.1.6 Communication area

an area in which a power source can communicate with a power receiving devices via network
connection, such as wired LAN, wireless LAN, Bluetooth and so on.

3.1.7 Power transfer level

power strength which a power source produce to its receiving device

3.1.8 Wireless power transmitting condition

power transfer strength and phase calculated for power transmitting on power source

3.1.9 Wireless power receiving condition

power transfer level and phase calculated on power receiving device which receives or has
received power from power source

3.2 Abbreviations

SWPTS Spatial Wireless Power Transfer System
SWPTS-n The number of SWPTS

SWPTS-SN  SWPTS-Source Network

SWPTS-D SWPTS-Device

4 Basic overview

SWPTS is a system to deliver power to multiple SWPTS-Ds within a spatial space on the
basis of magnetic resonance technology. SWPTS consists of multiple SWPTS-Ss and multiple
SWPTS-Ds as shown in Figure 1, Figure 2 and Figure 3. A SWPTS is allowed to consist of
only a SWPT-S as shown in Figure 1.
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SWPTS-D #1

SWPTS-D#2

SWPTS-D#3

Figure 1 - Concept image of SWPTS: Example 1

SWPTS-8 #2
SWPTS-3#

SWPTS-D#

SWPTS-D#2

SWPTS-D#3

Figure 2 - Concept image of SWPTS: Example 2
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SWPTS-D #1 /

SWPTS-D #2

SWPTS-5 #1 SWPTS-D #3

Figure 3 - Concept image of SWPTS: Example 3

Based on exchange of information on authentication and power transmitting conditions among
SWPTS-Ss, power transfer group SWPTS is formed.

SWPTS-Ss can collect the authentication information and receiving conditions from SWPTS-
Ds, and communicate the receiving conditions of SWPTS-Ds. After that, each SWPTS-S
decides power transfer mode and sets up power transmitting conditions. According to power
transfer mode and power transmitting conditions which are decided by SWPTS-Ss, power is
transferred to SWPTS-Ds.

Therefore, if SWPTS-Ds enter a SWPTS, the SWPTS-Ss within its SWPTS can provide those
SWPTS-Ds of various positions and posture with efficient power transfer according to control
management based on collected information on transmitting and receiving conditions by
network communications and sensors.

In spatial power transfer area, power transfer level is flexible and dependent on the type and
the power receiving conditions of SWPTS-Ds.

5 Requirements on SWPTS

5.1 General model for SWPTS

Figure 4 shows the basic structure of SWPTS. Each SWPTS-S configures a SWPTS-S-
centered star topology network with SWPTS-Ds in the communication area of SWPTS-S. In
addition, SWPTS-Ss configure mesh or star topology network. Multiple SWPTS-Ss set up a
spatial power transfer area and communication area. The communication area includes the
power transfer area. In one SWPTS, one SWPTS-S is selected as Master from multiple
SWPTS-Ss and the remaining SWPTS-Ss become Slave. Master SWPTS-S sends instructions
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on communication and power transfer conditions to Slave SWPTS-S. Master SWPTS-S can
communicate with all SWPTS-Ds via Slave SWPTS-Ss and control the entire behavior, such
as entire communication and power transfer situations, within its SWPTS.

- e o =

SWPTS-2

K

o

O : Device (SWPTS-D)

Figure 4 - Structure of SWPTS

5.2 Required functionalities

SWPT-Ss in a SWPTS communicate and coordinate each other to efficiently deliver power
within a spatial power transfer area. This section 5.2 describes the required procedure to
communicate among SWPT-Ss.

As shown in Figure 5, the following functionalities are required to set up and control SWPTS.

V)

) Configure a group by communication among SWPTS-Ss
) Identify and authenticate SWPTS-Ds by SWPTS-Ss

) Prepare wireless power delivery
)
)

o O T

Transfer power to SWPTS-Ds
Manage and monitor SWPTS
) Terminate power transfer

= O
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Figure 5 - Overall procedure of SWPTS

For fast authentication and preparation of wireless power transfer, Master SWPTS-S
recognizes ID of Slave SWPTS-Ss and SWPTS-Ds, and exchanges required data with
SWPTS-Ss and SWPTS-Ds before serving wireless power transfer service. Multiple Slave
SWPTS-Ss are controlled by the instructions of Master SWPTS-S and configure power
transfer area of the SWPTS so that any of SWPTS-Ss can deliver power to each SWPTS-D in
the SWPTS. According to identification and authentication between SWPTS-Ss and SWPTS-
Ds, one or multiple SWPTS-Ss select the target SWPTS-D(s) and deliver power wirelessly.

SWPTS has three kinds of power transfer modes:

e Simultaneous power transfer mode
e Time-division power transfer mode

¢ Mixed simultaneous and time-division mode

The power deliver can be terminated on the condition that all SWPTS-Ds receive power which
they requested or a user intends to stop the power transfer.



XXX © IEC:201X -12 - XXX © CEI:201X

6 Control and management method on SWPTS

6.1 Formation of SWPTS-Ss Group

SWPTS-S sends ID periodically or at the timing of user specification, and recognizes SWPTS-
Ss which can be communicated mutually by receiving ID. One network SWPTS-SN consists of
SWPTS-Ss which can be communicated mutually. Each SWPTS-S exchanges information
such as position, wireless power transfer area, wireless communication area, and maximum
transfer power. Each SWPTS-S recognizes SWPTS-Ss with which the power transfer area
overlaps mutually based on received information, and the groups of SWPTS-Ss with which the
power transfer area overlaps continuously are formed. One of SWPTS-Ss included in each
group is allocated as Master SWPTS-S, and the others are allocated as Slave SWPTS-Ss.
The Master SWPTS-S will control the communication and the wireless power transfer of all
SWPTS-Ss which belong to the SWPTSs group.

6.2 Preparation of Wireless power transfer for multiple SWPTS-Ds
6.2.1 SWPTS-Ds identification and authentication

Each SWPTS-S included in one SWPTS-Ss group sends the signal at the interval of a
predetermined time according to the instruction of Master SWPTS-S, and SWPTS-Ds which
received the signal reply their IDs. Master SWPTS-S estimates whether each SWPTS-D is
ready and applicable for wireless power transfer based on received ID.

6.2.2 Reception of power transfer information of SWPTS-Ds

Master SWPTS-S requests information necessary for wireless power transfer to the qualified
SWPTS-D, such as device type (2-dimension or 3-dimension), demand electric energy, and
device posture information. SWPTS-D which receives the request sends the information, and
SWPTS-S relays information received from SWPTS-D to Master SWPTS-S.

6.2.3 Detection of SWPTS-D’s position

SWPTS-S detects SWPTS-Ds which exist in its wireless power transfer area by SWPTS-D
position sensor, and sends its position information on the SWPTS-D and ID to Master
SWPTS-S.

6.2.4 Setting of SWPTS-S’s power transmitting condition

Master SWPTS-S collects the information on position and posture of SWPTS-Ds in the
wireless power transfer area of the SWPTS, and calculates the expected power transfer
efficiency to each SWPTS-D on the basis of the relative position and posture information to
the SWPTS-D. Master SWPTS-S determines the wireless power transmitting condition of all
SWPTS-Ss in the SWPTS on the basis of the information on both power receiving condition of
each SWPTS-D and wireless power transmitting condition of each SWPTS-S, and sends the
information on wireless power transmitting condition to each SWPTS-S.
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6.3 Wireless power transfer mode
6.3.1 General

There are three wireless power transfer mode in SWPTS: simultaneous wireless power
transfer mode, time-division wireless power transfer mode and the mixed mode.

Master SWPTS-S calculates wireless power transmitting condition of all SWPTS-Ss and
resonance condition of all SWPTS-Ds by the method of section 6.2.4, and sends the
conditions to the SWPTS-Ss and the SWPTS-Ds.

6.3.2 Synchronizing method of magnetic field in SWPTS

Alternating magnetic field generated by multiple SWPTS-Ss need to be synchronized so that
multiple SWPTS-Ss coordinate and serve efficient wireless power transfer.

As an example, the wired or wireless communication among SWPTS-Ss gives an method of
how to synchronize the generated alternating magnetic field.

6.4 Reconfiguration of SWPTS
6.4.1 General

SWPTS calculates all of amount of electric energy which SWPTS-Ds have received by
monitoring the transmitting and receiving situations on SWPTS-Ss and SWPTS-Ds. SWPTS
may be reconfigured, if needed.

6.4.2 Completion and resumption of wireless power transfer

When a SWPTS-D received its necessary electric energy, the SWPTS-D notifies Master
SWPTS-S of the completion on power transfer by sending its signaling. Then, Master SWPTS-
S suspends all power transfer in the SWPTS. The SWPTS-D confirms the termination of
power transfer and sets its necessary electric energy as the value “0”. SWPTS resumes the
power transfer to the rest of SWPTS-Ds after the preparation process shown in 6.2 is done.

6.4.3 Appearance and disappearance of SWPTS-D

After beginning power transfer, a new SWPTS-D may appear or the existing SWPTS-D may
disappear. In that case, Master SWPTS-S recognizes the appearance or the disappearance of
SWPTS-D. Then, wireless power transfer is resumed after the preparation process shown in
6.2 is done again.

6.4.4 Appearance and disappearance of SWPTS-S

After beginning power transfer, a new SWPTS-S may appear or the existing SWPTS-S may
disappear. In that case, Master SWPTS-S recognizes the appearance or the disappearance of
SWPTS-S. Then, wireless power transfer is suspended and SWPTS moves back to the
process on the formation of SWPTS-Ss Group shown in 6.1.



XXX © IEC:201X -14 - XXX © CEI:201X

6.5 Power transfer to SWPTS-D with flat battery

In the case that a SWPTS-D has no remaining battery charge, the SWPTS-D cannot join
SWPTS. Because the SWPTS-D cannot communicate with any SWPTS-S via network
connection.

If a user wants to wirelessly charge the battery of the SWPTS-D in SWPTS, the SWPTS-D
need to be set on the predetermined location. Then, the user notifies SWPTS-S of the user’s
intension to charge the SWPTS-D and Master SWPTS-S suspends the power transfer once.

After that, SWPTS-S which is located near the SWPTS-D assumes the power transmitting
conditions on the SWPTS-D and starts the lower power level transfer. Little by little, the
SWPTS-S accelerates the power strength until that the charged SWPTS-D can communicate
with SWPTS-S via network connection. If the SWPTS-D is charged enough to communicate,
the user can put the SWPTS-D within a power transfer area in SWPTS. As shown in 6.5.3, the
preparation process shown in 6.2 will be restarted.

6.6 Termination of wireless power transfer
There are two types of the termination of wireless power transfer as shown below.

a) There is no SWPTS-D which is required to deliver power in a SWPTS

b) A user intends to stop wireless power transfer

In the termination of wireless power transfer, SWPTS-Ss terminate wireless power
transfer and will be in idle mode.
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Annex A (informative)

Example of reconfiguration of SWPTS
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