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WIRELESS POWER DISTRIBUTION AND
CONTROL SYSTEM

PRIORITY

[0001] This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Patent Application No. 61/236,
388 (Atty. Dkt. 13746-25 BH2138), entitled “Wireless Power
Distribution and Control System,” filed on Aug. 24, 2009, the
entire disclosure of which is incorporated by reference herein.
This application is further related to U.S. patent application
Ser. No. 12/763,622 (Atty. Dkt 13746-34 BH2142), entitled
“Physical and Virtual Identification in a Wireless Power Net-
work,” filed on Apr. 20, 2010, the entire disclosure of which is
incorporated by reference herein.

BACKGROUND

[0002] There is a significant and continually increasing
need for widely available access to electrical power, particu-
larly in the field of consumer and business electronics, due to
the proliferation of laptop computers, cell phones, music
players, personal digital assistants and other self-powered
rechargeable remote and/or portable devices that require peri-
odic charging. In many public places, power may not be
readily available to the general public because of the need for
a physical power outlet for a wired connection. As such
devices become more prolific and more power hungry, the
availability of outlets and the need for access to electrical
power sources have become more common, increasing com-
petition by users for available outlets and causing operators of
public spaces to restrict access due to the expense. This is
exaggerated by the number of devices and the volume of
usage per person. In addition, electric vehicle charging may
now rely on the use of standard electrical outlets, which
contribute to the power supply needs of the public. The
expenses and technical difficulty of establishing, maintain-
ing, and controlling the devices in a power distribution system
may be significant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The system and method may be better understood
with reference to the following drawings and description.
Non-limiting and non-exhaustive embodiments are described
with reference to the following drawings. The components in
the drawings are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the invention.
In the drawings, like referenced numerals designate corre-
sponding parts throughout the different views.

[0004] FIG. 1 illustrates a wireless power distribution sys-
tem;
[0005] FIG. 2 illustrates an exemplary surface providing

wireless power delivery;
[0006] FIG. 3 illustrates an alternative wireless power dis-
tribution system;

[0007] FIG. 4 illustrates an exemplary control interface;
[0008] FIG. 5 illustrates alternative wireless power distri-
bution systems;

[0009] FIG. 6 illustrates an alternative wireless power dis-

tribution system;

[0010] FIG. 7 illustrates a process for reporting identifica-
tions;

[0011] FIG. 8 illustrates exemplary control types;

[0012] FIG. 9 illustrates exemplary control examples;
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[0013] FIG. 10 illustrates exemplary hub addresses for
power supplies;
[0014] FIG. 11 illustrates a process for identifying and

controlling network devices;

[0015] FIG. 12 illustrates a wireless power distribution sys-
tem for use in a home environment;

[0016] FIG. 13 illustrates a wireless power distribution sys-
tem for use in an office environment;

[0017] FIG. 14 illustrates an alternative wireless power dis-
tribution system for use in an office environment;

[0018] FIG. 15illustrates a wireless power distribution sys-
tem for use in an auditorium;

[0019] FIG. 16 illustrates a wireless power distribution sys-
tem with multiple control and power options using direct
current (“DC”) outputs; and

[0020] FIG. 17 illustrates control using addressing and
identification.

DETAILED DESCRIPTION
[0021] There is a significant and continually increasing

interest in wireless power supply/delivery systems to satisfy
the consumers’ needs for convenient access to electrical
power. Wireless power supply systems provide a variety of
benefits over conventional wired connections. Most notably,
they eliminate the need for various charging cords and the
need to repeatedly plug in and unplug electronic devices for
recharging, thereby reducing cost and improving ease and
convenience of use. Publicly available wireless charging may
be very convenient and useful for consumers. Accordingly,
wireless power distribution systems may be established for
providing power wirelessly. It may be desirable to make the
electrical installation, distribution and control as simple as
possible. Those power distribution systems may allow for
certain devices to have access control over the system and/or
other devices, such as for the purpose of regulating, measur-
ing reporting and/or obtaining compensation for the delivery
of electrical power. This control system may include device
and power supply identification, as well as access restrictions
for devices in the power distribution system. The identifica-
tion, access restrictions, as well as control commands may be
communicated via the wireless power link. One distinction
between a wireless power distribution system and a tradi-
tional distribution system is that control may be an inherent
aspect of wireless power. If the control causes the primary
driver to oscillate, then the primary driver or wireless power
supply is on. Additional relays and control circuitry may not
be needed as it is already part of wireless power. One other
feature is that the exchange of information and control with-
out power connections and wires to these devices may make
it convenient to configure and use.

[0022] By way of introduction, the disclosed embodiments
relate to a system and method for wireless power distribution
and control of devices in the system. A power distribution
system may include a power supply that provides power to
devices and/or components within that distribution system. In
some systems, there may be a controlling device or controller
that can control the other devices. The devices that receive
power may be configured to automatically connect with the
power distribution system and to monitor the other devices
connected to the system. The control of devices may be based
on commands communicated over the wireless power infra-
structure. In one embodiment, the commands are communi-
cated wirelessly as part of the wirelessly delivered electrical
power that is provided by the power supply. Upon connecting
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with the power distribution system, the device and/or the
system may establish an access level for that device. Certain
devices may have access to and control over all the devices in
the power distribution system. That access, as well as identi-
fications of devices, may also be transmitted as part of the
wireless power link. A particular device may be configured to
receive charge by multiple power distribution systems in dif-
ferent environments, such as home or work.

[0023] As described, the wireless power distribution sys-
tem distributes electrical power wirelessly to devices that are
within the vicinity of a power supply. It will be appreciated
that the range over which electrical power may be delivered
wirelessly from the supply to the device is implementation
dependent and may range from the device being immediately
proximate to the supply to being substantially distant there-
from, such as less than 1 inch to more than 10 feet. The power
distribution system may include the distribution of low volt-
age power in one embodiment. The distribution of low volt-
age power may be beneficial because low voltage distribution
may not require the same degree of regulation and installation
complexity. For example, low voltage regulation may not be
subject to UL certification listing. A low voltage wireless
power distribution system may be more easily installed,
modified, and initiated. Low voltage may be defined by local
and national electrical codes. In one example, a low voltage
wireless power distribution system may provide power under
48 Volts of continuous current (“VDC”). Alternatively, the
power distribution and control system may distribute wireless
power at higher voltages. A low voltage system may also be
easier to configure, install and modify without the materials
and costs associated with higher voltage distribution systems.

[0024] FIG. 1 illustrates a wireless power distribution sys-
tem 100. A controller 102 is coupled with a power supply 104
that provides power for remote wireless power supplies 106,
108. The remote wireless power supplies 106, 108 charge
remote devices 110, 112, respectively. The remote devices
110, 112 may include a battery that must be recharged or that
requires a power supply for operation. It will be appreciated
that the disclosed embodiments may be used to supply power
to non-battery operated devices which require delivery of
operating electrical power at the time of operation. Through-
out this disclosure the term charge may be used to include
providing power for recharging a battery as well as providing
or delivering power for reasons other than charging a battery,
such as powering the device. The remote devices 110, 112
may include a cellular telephone, a Smartphone, Black-
berry®, personal digital assistant (PDA), notebook/laptop
computer, netbook, portable multimedia player (playing
video/audio files, Blu-Ray, DVDs, CDs, etc.), video game
player (e.g. Gameboy®, Playstation Portable®), mp3 player,
iPod®, or any other device that may utilize stored electrical
power or an electrical power source.

[0025] The remote devices 110, 112 may be configured to
wirelessly receive power from the remote wireless supplies
106, 108. As illustrated, the remote device 110 is coupled with
the remote wireless supply 106, and the remote device 112 is
coupled with the remote wireless supply 108. In one example,
each of the remote devices 110, 112 may include an adapter or
other interface (not shown) for wirelessly receiving wireless
power from the remote wireless supplies 106, 108, each of
which may also include a corresponding adapter or interface
(not shown). Adapters for the power supply system 100 may
connect with a standard electrical outlet for receiving wired
power from the power supply 104. The adapters may be used
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for devices that may not otherwise be capable of receiving
wireless power. The devices may plug into the adapter which
receives the wireless power and then delivers it to the devices
over the adapter connection. There may be a uniform adapter
that provides power to a number of different devices. For
example, the uniform adapter may include multiple plugs that
fit different devices for providing charge upon receiving
power wirelessly. The wireless power transfer and adapter
may be further described in U.S. Pat. Pub. No. 2004/0150934,
entitled “ADAPTER,” which is hereby incorporated by ref-
erence.

[0026] Thepower supply 104 provides power to the remote
wireless power supplies 106, 108, and the remote wireless
power supplies 106, 108 wirelessly provide power to the
remote devices 110, 112 to charge or otherwise operate the
devices. As described, the power or energy may be in the form
of an electric current (AC or DC) that is passed from an
electrical outlet or supply terminal to the remote device. The
power may be provided through induction that generates an
electrical current at the consumer’s device that charges the
device. Voltage properties or current properties of the power
supply 104 may be controlled over the wireless power net-
work. Wireless power transfer is further described in com-
monly owned U.S. Pat. Pub. No. 2008/0231211, entitled
“POWER SUPPLY,” which is hereby incorporated by refer-
ence. Wireless power charging is further described in U.S.
Pat. Pub. No. 2008/0079392, entitled “SYSTEM AND
METHOD FOR INDUCTIVELY CHARGING A BAT-
TERY,” and U.S. Pat. Pub. No. 2007/0042729, entitled
“INDUCTIVE POWER SUPPLY, REMOTE DEVICE
POWERED BY INDUCTIVE POWER SUPPLY AND
METHOD FOR OPERATING SAME,” both of which are
hereby incorporated by reference. FIG. 2 illustrates an exem-
plary surface for wireless charging.

[0027] The controller 102 may be a computer that is opera-
tive for configuring the wireless power distribution system.
For example, the controller 102 may be used for establishing
access restrictions for each remote device that is being or
seeks to be charged by the system 100. The controller 102
may be a computer or other computing device for accessing
instructions stored on a computer readable medium as
described below. Alternatively, the controller 102 may
include one or more processors configured for executing
computer program logic or other instructions stored in one or
more memories. The controller 102 may further include an
interface for accessing the stored instructions or other data
stored in the one or more memories. As described with respect
to FIG. 6, the controller 102 may be coupled with a network,
such as the Internet, and includes an interface for modifying
the wireless power distribution system. The controller 102
may be used for establishing or modifying the access or
control from a particular device. For example, the access may
include which other devices that particular device can control
as well as individual features of the other devices that may be
controlled. As discussed below, the controller 102 may iden-
tify the device that is being charged. The identification may
utilize the communication described in the U.S. Provisional
Pat. App. No. 61/142,663, (Atty. Dkt. WN3214) entitled
“WIRELESS CHARGING SYSTEM WITH DEVICE
POWER COMPLIANCE” filed on Jan. 6, 2009, and U.S. Pat.
Pub. No. 2008/0157603, entitled “INDUCTIVE POWER
SUPPLY WITH DEVICE IDENTIFICATION,” both of
which are hereby incorporated by reference. One of the
remote devices 110, 112 may have control over other devices,
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in which case, the controlling remote device may identify or
receive identification about the other devices in the wireless
power distribution system.

[0028] In one embodiment, the wireless power may be
transferred to a remote device automatically with limited or
no user interaction. For example, when a consumer with
his/her remote device enters into a wireless charge area, the
remote device may automatically begin receiving wireless
power after the remote device is identified. The wireless
charge area may include the range that the wireless power is
available over. When the remote device is within range, it may
automatically receive power until it is fully charged, at which
time, it may stop receiving power. When a device is brought
within range of a wireless power supply (e.g. power supply
104 and/or remote wireless supplies 106, 108), the presence
of the device may be detected. The power supply may then
interrogate the device to identify it, validate the device’s
access level for receiving power and then continue to deliver
power. If the device is not authorized or allowed access, the
wireless power supply may stop supplying power to that
device. Alternatively, automatic charging may require a con-
firmation from the consumer on whether the remote device
should be wirelessly charged, and/or a confirmation from the
power supply that charging is allowed. The remote device
may detect that it is within the wireless power range and
provide a Yes/No option for the consumer to decide whether
to receive wireless power to the remote device. The remote
device may automatically request or receive identification
and information on the system, the power supplies, and/or
other devices. This information may be communicated via the
wirelessly provided power, such as via selective/controlled
modulation of the transmitted energy. This information may
be used for establishing control over certain devices in the
system.

[0029] FIG. 2 illustrates an exemplary surface providing a
wireless charge. The power supply equipment 202 may
include a wireless charger 201 with a surface 202 that is
adjacent a primary coil 204 coupled with a power supply 206.
The power supply 206 provides current to the primary coil
204 for generating a magnetic field. When a device, such as
one of the remote devices 110, 112, is disposed on or near the
surface 202, a charge is induced in a secondary coil in the
remote device from the primary coil 204. The wireless
charger 201 may be located in each of the remote wireless
supplies 106, 108 illustrated in FIG. 1. In alternative embodi-
ments, a single wireless charger 201 may charge multiple
devices. The power supply equipment 202 may include a
single large wireless charger 201 that charges multiple
devices. The wireless charger 201 may be located in a home,
office, coffee shop, auditorium, or other environment as
described with respect to FIGS. 12-15. Alternatively, the
wireless charger 201 may be located with airport seating,
train seating, airplane seating, fold down tables, or restaurant
tables for providing a wireless charge. Surfaces, such as a
desktop, work surface, or table may also be equipped with the
wireless charger 201.

[0030] The communications of information over the wire-
less power connection may include modulation of the wire-
less power. In one embodiment, the inductive coupling of a
device with a power supply is used for wirelessly transferring
power to the device from the power supply. As part of the
wireless connection, information may be transmitted to the
device from the power supply. As described below, that infor-
mation may include a listing of other devices in the system or
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connected to the power supply, as well as access restrictions,
control codes, and/or commands for controlling other
devices. In one embodiment, load modulation may be used to
communicate from the device to the power supply. The modu-
lation may occur while the load is powered for reasons of
simplicity and cost. The system may be designed to listen or
pause. This communications methodology may be adopted
for transmitter and receiver designs. For example, either rail
voltage modulation or frequency-shift keying (“FSK*’) modu-
lation may be used for wireless communication from the
power supply to the receiver. Although it may be more diffi-
cult to receive signals while powering a device, known decod-
ing technology may be utilized for receiving these messages.
Each power channel or device being charged may establish a
communications link through this power control channel.
This data may then be shared via the two and three wire
communication channel between remote wireless power sup-
plies. This allows many devices to be multiplexed or many
power channels to facilitate many devices all communicating
independently to the system.

[0031] FIG. 3 illustrates an alternative wireless power dis-
tribution system 300. As shown in FIG. 3, remote devices 110,
112 from FIG. 1 may include room lighting 314, a wireless
projector 310, and a wireless smartphone 312. The low volt-
age power supply 304 may provide power to the remote
wireless supplies 106, 108. The three wire connection from
the low voltage power supply 304 is discussed below with
respect to FIG. 5. As shown, the remote wireless supply 106
wirelessly provides power to the wireless projector 310, and
the remote wireless supply 108 provides power to the wireless
smartphone 312. The room lighting 314 is powered by the low
voltage power supply 304, or it may be wirelessly powered.

[0032] The wireless smartphone 312 may be a controlling
device or controller. It may be equipped with software for
communicating with the wireless power distribution system
300 to identify the devices that are in the system and the
functions of those devices that may be controlled. Exemplary
commands that are communicated by the smartphone 312 for
controlling other devices are shown in FIGS. 8-9. The control
of any device from another device may be determined by
access restrictions or control codes for the controlling device
or the controlled device. As shown, the wireless smartphone
312 may control the room lighting 314. In one embodiment,
the access restrictions may allow for complete control of the
room lighting 314, or may only allow for an on/off function
control as opposed to a dimmer control. The wireless smart-
phone 312 may also control the low voltage power supply 304
or any of the remote wireless supplies 106 over the wireless
connection by adjusting or modifying the power supply prop-
erties, such as voltage or current.

[0033] FIG. 4 illustrates an exemplary control interface
402. The smartphone 312 may include a displayed interface
402 through which other devices on the wireless power dis-
tribution system may be controlled. As shown on the exem-
plary control interface 402, the smartphone 312 may control
the slides of the wireless projector 310, as well as the power
and source for the wireless projector 310. In addition, the
smartphone 312 controls the room lighting 314. The exem-
plary control interface 402 is merely an exemplary interface
through which a remote device can control other devices in a
wireless power distribution network. The software that is
present on a controlling device may include user interface
functionality for receiving commands from a user, as well as
including information on the identification of devices, and the
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commands that control those devices as described with
respect to FIGS. 8-9. In one embodiment, when a device with
access control over other devices is in a proximity of a wire-
less power supply, the software of the device automatically
communicates with the power supply to identify the power
supplies and any devices present in the system. The identifi-
cation of the devices may be necessary for the device to be
able to provide control over those devices.

[0034] Device identification of wirelessly powered devices
may be made upon connection to the system or the system
may periodically poll the devices to determine who is pres-
ently connected. As described, a device that is receiving wire-
less power from a power supply or remote power supply in the
system may be described as connected or within the system.
The device may communicate with the system through a
“push” communication to the system, or it may wait for a
request for identification from the system. The system may
then maintain a device table or directory which lists the
devices connected at any given time, the address of the device
for uniquely communicating with it, and a time stamp as to
when the device was last reported to be present. In addition,
the list may include previously connected devices, which do
not have to communicate all their identification information
when they again connect with the system. If the time stamp
expires, the device may need to be re-polled. Ina push system,
the devices may identify themselves repeatedly or periodi-
cally to maintain the table entry. When devices connect, they
may be assigned addresses. In one embodiment, the address-
ing may be through a system similar to a Dynamic Host
Configuration Protocol (“DHCP”) addressing system used by
computers to obtain internet protocol (“IP”’) addresses over a
Wi-Fi network. In one embodiment, device serial numbers
may be used as part of the addressing system. Through the use
of a DNS type system a user can identify a device such as
“projector in conference room 21A” using an easily recog-
nizable name which gets translated into the computer recog-
nizable address. This name may also be stored in the direc-
tory. In some wireless power delivery systems, there may be
domains and sub-domains for the addressing scheme allow-
ing addressing of devices in a single room or across the entire
building. In one example, a wireless power delivery system in
a school may give a teacher control of devices in a room,
while a janitor may have control of all devices in the building.

[0035] FIG. 5 illustrates an alternative wireless power dis-
tribution system. In particular, FIG. 5 illustrates a wireless
power distribution system with a three-wire connection from
the low voltage power supply 504 and with a two-wire con-
nection from the low voltage power supply 508. The remote
devices 506a-c are coupled with a three-wire connection to
the low voltage power supply 504. The remote devices 510a-c¢
are coupled with a two-wire connection to the low voltage
power supply 508. Both the two-wire and the three-wire
connections include a +DC power cable and a ground GND
cable. The three-wire embodiment utilizes a control signal
CTL that provides for data communication with remote
devices that are wirelessly powered by the system. The CTL
signal may include an RS232 full duplex transmission path
for devices to communicate with the wireless power distribu-
tion system and for the system to communicate with attached
devices. The communication may include the identification
of devices and/or power supplies, as well as commands for
controlling those other devices and/or power supplies. In the
two wire system, the communication may be passed through
the +DC power cable. The terminator 512 may be used in
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either two or three wire systems to allow the power system to
monitor or understand the losses across the wires. In one
embodiment, this may be accomplished by measuring and
communicating the voltage at these points back to the supply
allowing the system to monitor and adjust voltage if needed.
Although FIG. 5 illustrates the terminator 512 at the end of
the system, each node or wireless power supply may also
provide the power supply with measured voltage data to con-
trol the voltage within suitable thresholds for each supply.

[0036] InFIG. 5, there may multiple power supply as part
of a single wireless power delivery system, or each power
supply may be part of a singular wireless power delivery
system. There may be a central controller for the building, or
there may be controllers for each power supply. In a building,
there may be power supplies in each room with remote power
supplies throughout the room, or there may be a central power
supply in the building that connects with all the remote power
supplies in each room. There may be multiple controllers or a
hierarchy of controllers so as to sub-divide the building into
sections. The remote power supplies may be access points in
which a device connects with and receives power from the
nearest remote power supply.

[0037] FIG. 6 illustrates an alternative wireless power dis-
tribution system 600. In particular, FIG. 6 illustrates a con-
nection with an external network 608 by components of the
system 600 that allows for control of the wireless power
distribution system 600 or devices/supplies in that system 600
over the network 608. The network 608 may connect any of
the components to enable communication of data and may
include wired networks, wireless networks, or combinations
thereof. The wireless network may be a cellular telephone
network, a network operating according to a standardized
protocol such as IEEE 802.11, 802.16, 802.20, published by
the Institute of Electrical and Electronics Engineers, Inc.,
WiMax network, or other wireless network or combination
thereof. Further, the network 608 may be a public network,
such as the Internet, a private network, such as an intranet, or
combinations thereof, and may utilize a variety of networking
protocols now available or later developed including, but not
limited to TCP/IP based networking protocols. The network
(s) may include one or more of a local area network (LAN), a
wide area network (WAN), a direct connection such as
through a Universal Serial Bus (USB) port, and the like, and
may include the set of interconnected networks that make up
the Internet. The network 608 may include any communica-
tion method or employ any form of machine-readable media
for communicating information between devices, or from the
device to the system.

[0038] The wireless power distribution system 600 of FIG.
6 includes a computer/control 602 coupled with a power
supply 604, that powers remote supplies 606a-c. A remote
device 610 is wirelessly powered at the remote supply 606a,
and the controlled device 611 is wirelessly powered by the
remote supply 6065. An external controller device 612 is
coupled with the network 608. The remote device 610 and the
computer/control 602 may each be connected with the net-
work 608 for transmitting information. In one embodiment,
the external controller device 612 may have access into the
wireless power distribution system. For example, a user at
work may utilize a computer or smartphone to access the
home wireless power distribution system in order to dim any
lights or otherwise control devices being wirelessly powered
within the wireless power distribution system. Likewise, the
remote device 610 may communicate over the network 608 to
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provide control over the other devices, such as the controlled
device 611, or to access and/or modify the computer/control
602. Alternatively, since the remote device 610 is a local
device, it may communicate with, and control, other devices
in the system with the wireless power distribution. In one
embodiment, there may be a web site through which the
computer/control 602 is interfaced for controlling the wire-
less power distribution system 600. The data that is transmit-
ted over the network 608 may include a recognition/identifi-
cation of devices on the system, as well as commands from
the device(s) with access to other devices. Load modulation
may be used to communicate from the remote supplies to the
primary power supply 604. The primary power supply 604
may use either rail voltage modulation or frequency-shift
keying (“FSK”) modulation to communicate to the remote
power supplies. Simple communications may be needed with
lower data rates to allow a full range of control.

[0039] FIG. 7 illustrates a process for reporting identifica-
tions in a wireless power distribution system. In one embodi-
ment, the computer/control 602 of FIG. 6 or the controller 102
of FIG. 1 monitor the wireless power distribution system to
determine the presence of power supplies and/or devices as
well as identifications for each power supply and/or device. In
particular, block 701 illustrates the search for power supplies
and block 709 illustrates the search for devices. In block 702,
the available power supply identifications are requested. The
wireless power distribution system may initially determine
whether there are any power supplies available based on a list
of power supply identifications. The list of power supplies
may include a historical list of any power supplies that have
been used within that system. Using the power supply list, the
connection of each of the power supplies is determined in
block 704 to identify connected power supplies. When no
power supplies are connected, the system may be in standby
mode as in block 706. When a power supply is connected, the
identifications of the power supply are registered and the
status of the power supply may be checked. In particular, if
the power supply is not on as in block 708, then the device
may wait in standby mode in block 706 for an available,
connected power supply that is also turned on. Regardless of
whether the power supply is on or off, the available and
connected power supplies are registered with the system. The
registration may include recording an identification of the
available and connected supplies that may be used by con-
troller devices or other devices for receiving wireless power
from the power supplies. Based on the identifications, the
system should know the power supplies that are available and
connected, and the system should also be able to determine
when those supplies are turned on or off.

[0040] While the system identifies available, connected,
and active power supplies in block 701, the system may also
search for devices in block 709. The power supplies may have
a simple control line between them to communicate and iden-
tify additional power supplies. A master power supply may be
the supply that is connected to a hub or network node to allow
remote control. The power supply may first identify what
power supplies are in a master/slave power supply network
and assigns a specific identification by power supply and
remote power supply. Each respective remote power supply
may monitor for change in field or actively pings and looks for
a device before it then requests an identification by powering
up a device. The powering of a device after a certain time or
a certain amount of power may result in the device (e.g.
remote device 610) to report the device’s identification. The
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device may then request the network control codes as in block
710. In response to the request the device may receive a preset
list of allowable device identities, as well as control codes
(e.g. commands) for those devices that establish how to con-
trol other devices in the system. The level of access and
control may determine the data, addresses and control codes
sent to the device. The device software then uses the received
control codes and device addresses to show the allowable
control assets ready for control. Also in block 710, a deter-
mination as to whether devices are present or changed is made
in block 712. If there are no devices present or the list of
devices is unchanged, a standby timer in block 714 is utilized.
After the standby timer expires, the power supply identifica-
tions may again be requested from block 702. Before the
standby timer has expired in block 714, the device identifica-
tion is requested again in block 710. If there are new devices
present or the list of devices is changed, then the control
system and device identifications are loaded as in block 716.
The list may include the following addresses in a node by
node matrix: the hub address, the addresses (identification
number) for the low voltage power supplies, the addresses
(identification) for the remote wireless power supplies, and
then the device identification within the network. Devices
may be portable or interconnected as shown in FIG. 3, show-
ing the lighting control 314 which may be interconnected
with the network. Other controls or device can also be remote
via other radio frequency (“RF”) or wireless networks.

[0041] Accordingly, the wireless power distribution system
maintains a list of connected and/or charging devices. The
system tracks power supplies and connected devices, so that
if a power supply is removed or switched off, or if a device is
added/removed, the system knows which power supplies are
available for charging and which devices are present. Further,
the identification of power supplies and devices may be uti-
lized by connected devices for establishing control. The com-
puter/control 602 of FIG. 6 or the controller 102 of FIG. 1
may control any of the connected power supplies or devices.
Alternatively, any device may control the power supplies or at
least a subset of the other devices depending on access restric-
tions. For example, remote device 610 or external controller
device 612 may control the controlled device 611 illustrated
in FIG. 6. The list of available power supplies and devices
may be received by the remote device 610 for allowing the
control of the controlled device 611. Accordingly, when the
remote device 610 is within a vicinity of the system including
the power supply 604 or any of the remote supplies 604, the
device 610 communicates with the system and receives an
identification of supplies and/or devices. This listing enables
the remote device 610 to control the other devices. For
example, as in FIG. 3, when the wireless smart phone 312
communicates with the system and/or the remote wireless
supply 108, the communication includes an identification of
the wireless projector 310 and the room lighting 314. The
identification combined with additional control information
allow the wireless smart phone 312 to control the wireless
projector 310 and the room lighting 314. The additional con-
trol information is described with respect to FIG. 8.

[0042] FIG. 8 illustrates exemplary control types. In par-
ticular, FIG. 8 illustrates a chart 800 that includes a list of
devices. The chart 800 includes control commands that may
also be referred to as control codes. A device that receives
wireless power or otherwise has the wireless power device
control information in the chart 800 stored can control other
devices. This control information may be stored as part of



US 2011/0043163 Al

software in a device. Alternatively, when a device is con-
nected with the wireless power distribution system, it may
wirelessly receive this control information, or it may be
passed as part of the connection. As discussed above, in a two
wire example, this information may be passed as part of the
DC power line, or in a three wire example, there may be a
communication line over which this information is provided
to the power supply. The power supply can then pass the
information to a wirelessly charging device. The wireless
power supply may be a part of the communications between
devices. The same power control element that enables power
control may also enable network communications.

[0043] For each device, a control, feedback variable, and
description/use illustrated in the chart 800 may be provided.
The exemplary devices are lighting, audio, video, cellular
phone, laptop, power tools, or a wireless supply. For each
device a number of exemplary controls are illustrated. For
each of the control types, a feedback variable indicates the
type of communication that is transmitted for that control.
The description/use describes the particular control. As
shown, a lighting device has three exemplary controls: 1)
power, 2) dimming, and 3) identification. The power is a
binary feedback variable because it is either on or off. The
dimming feedback variable is a level that represents the
degree or amount of dimming. The level may include a num-
ber within a range, such as between one and ten, with one
being the faintest light and ten being the strongest light. The
identification may be an alpha numeric field for each of the
devices that acts to identify the device. In one embodiment,
the identification may be a serial number of the device.
[0044] As an additional example, the video device in the
chart 800 may be a television or other display. The illustrated
controls are power, input source, volume, channel, identifi-
cation, forward/reverse, and title for the video device.
Accordingly, the volume (as a number/level feedback vari-
able) can be adjusted by another device. The list in the chart
800 is merely exemplary and there may be more devices that
are subject to control, and the devices shown in the chart 800
may have additional or different controls and/or feedback
variables for those controls.

[0045] FIG. 9 illustrates exemplary command examples.
When a device within the wireless power distribution system
controls other devices in that system, the controls may be
passed to the other devices as commands. The chart 900 in
FIG. 9 illustrates exemplary commands that are used by a
controller device to control another device. For example, an
audio device may receive a volume command, which as
shown in the chart 800 of FIG. 9 includes a numeric feedback
variable. The numeric volume command may be a five which
signifies a level of volume to be set. In one embodiment, the
volume may be O to 16. The chart 900 illustrates a return
message from the controlled device that may be provided in
response to receiving the command. The return message may
be a confirmation of the command and an acknowledgement
of satisfying that command. The devices, commands, return
messages, and functions illustrated in the chart 900 are
merely exemplary and there may be more devices with more
commands and return messages. For example, each of the
controls illustrated in the chart 800 of FIG. 8 may include one
or more commands. As described in FIG. 9, the volume com-
mand for the audio device may include 17 commands for
setting the volume from O to 16.

[0046] FIG. 10 illustrates exemplary hub addresses for
power supplies. The hub address may be an aspect of the
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control identification that is used for the remote control over
the internet. As illustrated, each master low voltage power
supply may have a hub address with each power supply hav-
ing a secondary address and other hot spots also being
addressed for specific node control and device interfacing.
The chart 1000 includes four environments for a wireless
power distribution system: 1) home, 2) office, 3) car, and 4)
airplane. Each of the environments may have a unique hub
address. Within a particular environment, there may be mul-
tiple low voltage supply zones, such as a bedroom, living
room, and kitchen within a home environment. Exemplary
environments are illustrated in and described with respect to
FIGS. 13-15.

[0047] As described with respect to FIG. 4, there may be
domains and sub-domains of control. Based onaccess control
restrictions, some devices may have control over certain sub-
domains of a system rather than an entire domain. In one
embodiment, the default access control for devices may be
local devices (e.g. devices in a room), whereas external
devices (e.g. devices connected over a network or the Inter-
net) may not have control of other devices. There may be
master devices that include control over the entire domain and
can control the domain over a network. For example, a house
may be a domain and the individual rooms are sub-domains.
Local control may be present in each room, but only select
devices are given control of the entire domain/house. This
way you can turn off a whole house, turn off only select
rooms, or turn off only select devices within a room or rooms.
Access may also be segregated for allowing a parent to con-
trol all devices but a child can only control a restricted set of
devices, or to prevent someone from outside ahome to control
things inside the home. Certain devices may require only
local control to prevent a fire hazard or other situation, such as
control of an oven.

[0048] The wireless power system provides localized
knowledge of items or devices within a physical location.
Based on that knowledge, specific and localized control of
various devices may be provided. The knowledge may
include a particular address or other identification. In one
example, a device description, serial number, model number,
or other identifier may be used for each device at a location.
This address or identification information may be used for
connecting or controlling that device. Utilizing the wireless
power network provides a way to identify just the devices in
one location, such as a particular room. That control may
allow for information to be sent/received at a specific location
without interference from different locations. The system has
an understanding of the devices within a particular location
by using the wireless power network.

[0049] A connection with the wireless power network may
include receipt of an identification of devices associated with
that particular network and/or location. In one example, a
device coupled with a wireless power system in a particular
room may be able to identify televisions in only that particular
room, rather than adjacent hotel rooms. The physical location
of'devices may be identified by the wireless power system to
avoid accessing a device in a different room. Although
devices in another room may be detected, the system could
identify the devices in that room. For example, a monitor,
television, and printer may be in a hotel conference room and
only accessible within that conference room. This detection
may then be used for making a secondary wireless connection
with those devices, such as through Ultra Wide Band
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(“UWB”). Alternative connection methods may be available
including wireless USB, WAN, or through the wireless power
network.

[0050] The physical location of the wirelessly charging
device determines which devices are identified with that
physical location. A user move from room to room and wire-
lessly charge their device in each room. While in each room
and accessing the wireless power network, the user’s device
knows the devices in that room and can access/control those
devices. The user can easily change rooms and while con-
necting with a different room’s wireless power system, the
user gains access/control to the devices in that different room.
For example, a user can transport a laptop with a presentation
to different rooms and access each room’s display device or
monitor for displaying the presentation. In one embodiment,
the connection between devices may be through Ultra Wide
Band (“UWB?”). The laptop may connect with the display
device through UWB to display the presentation. The identi-
fication of the display device may occur through the connec-
tion with the wireless power system. In other words, when the
user connects with the wireless power system in a particular
room, each of the devices in that room is identified. The user
can then connect with those devices through other connection
means, such as UWB.

[0051] Inanother example, an airplane passenger may uti-
lize a handheld device to control all local devices associated
with that passenger’s seat, such as seat reclining, audio vol-
ume, television/monitor display, etc. The controlling device
may be wirelessly charged at that seat and through the wire-
less power system, each device associated with that particular
seat would be identified. Those identified devices could then
be accessed or controlled by the controlling device. The con-
trol would be limited to just that particular seat and would not
affect the adjacent passenger’s seats. The physical location of
the controlling device and its connection with the wireless
power system determines which devices are controlled. The
passenger may then change seats and the handheld device
would then be limited to the devices associated with the new
seat once the controlling device is moved to a different wire-
less charging location.

[0052] The controlled devices or items may vary. In a res-
taurant with wireless power at various tables, the user may
control the lighting, blinds, audio, video, or other features
associated with a particular table. The customer may put the
controlling device (e.g. cellular phone or laptop) onto the
table for receiving wireless power, and the device may also
receive an identification of each device or item associated
with that particular wireless power location. The controlling
device may then access or control those identified devices or
items.

[0053] FIG. 11 illustrates a process for identifying and
controlling other devices. In block 1102, the wireless power
distribution system may request power supply identifications
for those power supplies that are available. In block 1104, a
determination is made as to whether the available power
supplies are connected. If there are no available power sup-
plies or no connected power supplies, the system continues to
request power supply identifications in block 1102. If there
are available and connected power supplies, then the system
requests device identifications in block 1106. A determina-
tion is made as to whether the requested devices are linked
with power supplies in block 1108. If no requested devices are
linked with a power supply, the system requests power supply
identifications in block 1102. The power supply status and
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local zone control address are checked in block 1110 when
the power supply is linked with a device. The system then
determines whether communications have been established
with the device as in block 1112. The communications with
the device may include the identifications of other devices
and/or power supplies as well as commands for those devices,
such as the commands in chart 800 of FIG. 8. If there are no
communications with the device, then the system returns to
requesting power supply identifications in block 1102.
[0054] When communications with the system and the
device are established in block 1114, the system is ready for
one or more devices to control other devices. The control may
be dependent on access levels. In one embodiment, local
devices or devices within proximity of the system may have
certain access, while external devices (e.g. external controller
device 612 of FIG. 6) may have different access. For example,
local devices may be able to control the on/off and dimmer of
room lights, but external devices may be limited to control-
ling the on/off switch of room lights. Each controlled device
may have certain functions with differing access levels. Inone
embodiment, there may be a local zone and a global zone of
addresses. In block 1116, if the control is not applied to the
local zone, then in block 1118, the global zone is checked. If
control is not applied to the global zone or the local zone, then
the system continues to be ready in block 1114. If control is
applied to a local zone, then the control is activated and the
system communicates feedback to the power supply or a
control/computer for the power supply as in block 1120.
When the control is not for the local zone, but for the global
zone, then control is activated and the system communicates
feedback through the network or the Internet as in block 1122.
The global zone is device that is located away from the system
and connects with the system over a network, such as the
Internet. In block 1124, the control is updated when either the
control was activated over the local zone or over the global
zone.

[0055] FIGS. 12-16 illustrate various environments in
which a wireless power distribution system may be used. FI1G.
12 illustrates a home wireless power distribution system
1200. The system 1200 includes an AC/DC low voltage
power supply multi channel 1202 that provides power to
power supplies within the home environment. In particular,
the system 1200 includes a power supply for the walls, ceil-
ing, and/or floor 1204. The supply 1204 may include multiple
power spots. In addition, the power supply 1202 may power
an end table power spot 1206, a coffee table power spot 1208,
a couch power spot 1210, and/or power spots for chairs 1212.
The power spots may be remote power supplies that supply
power or charge to devices wirelessly.

[0056] FIG. 13 illustrates an office wireless power distribu-
tion system 1300. The system 1300 includes an AC/DC low
voltage power supply multi channel 1302 that provides power
to power supplies within the office environment. In particular,
the system 1300 includes a power supply for the walls, ceil-
ing, panel and/or floor 1304. The supply 1304 may include
multiple power spots. In addition, the power supply 1302 may
power a conference table 1306 with multiple power spots, and
provide power to power spots at desks 1308, 1310, and at a
table power spot 1312. The power spots may be remote power
supplies that supply power or charge to devices wirelessly.
[0057] FIG. 14 illustrates an alternative office wireless
power distribution system 1400. The system 1400 includes an
AC/DC low voltage power supply multi channel 1402 that
provides power to power supplies within an alternative office



US 2011/0043163 Al

environment. In particular, the system 1400 includes a power
supply for a large tabletop 1404 with multiple power spots.
Likewise, the power supply 1402 powers a countertop 1406
with multiple power spots. In addition, the power supply 1402
may provide power to power spots at tables 1408, 1410, 1412.
The power spots may be remote power supplies that supply
power or charge to devices wirelessly.

[0058] FIG. 15 illustrates an auditorium wireless power
distribution system. The system 1500 includes an AC/DC low
voltage power supply multi channel 1502 that provides power
to power supplies within an auditorium. In particular, the
system 1500 provides charge to individual desks or tables in
the auditorium. Fach desk or table may be a remote power
supply. Each device may be given hub addresses, control
identification, and/or control codes related to control access
within each environment in which the device may be or has
been wirelessly powered. Each wireless power environment
may maintain a log with the hub address and control attributes
and elements making a list within the device for available
control features. The device may maintain a single set of
identifications, control codes, and commands that it uses in
each environment. The device may be programmed to under-
stand the context of the environment and only certain present/
allow commands appropriate to that environment despite
including programming for other environments. Alterna-
tively, each environment may communicated new identifica-
tions, control codes, and commands. When the device is
introduced into an environment, the system may push allowed
commands/functions to the device. This may allow the sys-
tem to dynamically change the device’s capabilities. Some
environments may require a preset programming of controls/
commands, but still provide the device with certain informa-
tion, such as the identification information for all devices
connected with the system.

[0059] FIG.16 illustrates a wireless power distribution sys-
tem 1600 with multiple control and power options using
direct current (“DC”) outputs. The system 1600 includes an
AC/DC low voltage power supply multi channel 1602 that
provides power to power supplies, such as a table power
supply 1604. The table power supply 1604 may include a
wireless power supply as well as a DC power jack. Likewise,
a conference table 1606 may include multiple wireless power
spots. In addition, the conference table 1606 may also include
a DC power jack. Another conference table 1608 may also
include multiple wireless power spots, as well as a DC power
jack 1612 that is coupled with a master power spot 1610. The
master wireless power spot 1610 may control the other wire-
less power spots in the conference table 1608. The master
wireless power spot 1610 may control the AC/DC low voltage
power supply multi channel 1602, such as by controlling
voltage properties or current properties of the power supply.
The power spots may be remote power supplies that supply
power or charge to devices wirelessly.

[0060] FIG. 17 illustrates control using addressing and
identification. FIG. 17 illustrates how a device may have
control using global addressing and identification from the
wireless power connection to multiple wireless power distri-
bution systems. Each address may be a local identifier that is
shared when power is transferred and may be used for the
global control (over the Internet) if global control is allowed.
Each device identification may be used for part of an address
along with a hub address (e.g. for a master power supply) and
power supply identification when controlling remotely. Each
power supply may also assigned an identification number for
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node to node control within the network. In one embodiment,
the identification or addresses are email addresses that are
used for communicating information about the system 1700.
In one embodiment, an email message may include a com-
mand that is used for establishing control.

[0061] The system and process described above may be at
least partially encoded in a signal bearing medium, a com-
puter readable medium such as a memory, programmed
within a device such as one or more integrated circuits, one or
more processors or processed by a controller or a computer.
That data may be analyzed in a computer system and used to
generate a spectrum. If the methods are performed by soft-
ware, the software may reside in a memory resident to or
interfaced to a storage device, synchronizer, a communica-
tion interface, or non-volatile or volatile memory in commu-
nication with a transmitter. A circuit or electronic device
designed to send data to another location. The memory may
include an ordered listing of executable instructions for
implementing logical functions. A logical function or any
system element described may be implemented through opti-
cal circuitry, digital circuitry, through source code, through
analog circuitry, through an analog source such as an analog
electrical, audio, or video signal or a combination. The soft-
ware may be embodied in any computer-readable or signal-
bearing medium, for use by, or in connection with an instruc-
tion executable system, apparatus, or device. Such a system
may include a computer-based system, a processor-contain-
ing system, or another system that may selectively fetch
instructions from an instruction executable system, appara-
tus, or device that may also execute instructions.

[0062] A computer-readable medium, machine readable
medium, propagated-signal medium, and/or signal-bearing
medium may comprise any device that includes, stores, com-
municates, propagates, or transports software for use by or in
connection with an instruction executable system, apparatus,
or device. The machine-readable medium may selectively be,
but not limited to, an electronic, magnetic, optical, electro-
magnetic, infrared, or semiconductor system, apparatus,
device, or propagation medium. A non-exhaustive list of
examples of a machine-readable medium would include: an
electrical connection “electronic” having one or more wires,
aportable magnetic or optical disk, a volatile memory such as
a Random Access Memory “RAM”, a Read-Only Memory
“ROM”, an Erasable Programmable Read-Only Memory
(EPROM or Flash memory), or an optical fiber. A machine-
readable medium may also include a tangible medium upon
which software is printed, as the software may be electroni-
cally stored as an image or in another format (e.g., through an
optical scan), then compiled, and/or interpreted or otherwise
processed. The processed medium may then be stored in a
computer and/or machine memory.

[0063] The above disclosed subject matter is to be consid-
ered illustrative, and not restrictive, and the appended claims
are intended to cover all such modifications, enhancements,
and other embodiments, which fall within the true spirit and
scope of the present invention. Thus, to the maximum extent
allowed by law, the scope of the present invention is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.
While various embodiments of the invention have been
described, it will be apparent to those of ordinary skill in the
art that many more embodiments and implementations are
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possible within the scope of the invention. Accordingly, the
invention is not to be restricted except in light of the attached
claims and their equivalents.

We claim:

1. A wireless power distribution system comprising:

a power supply;

aplurality of remote wireless power supplies coupled with
the power supply and configure to provide power wire-
lessly; and

a controller device that is configured to wirelessly receive
power from one of the plurality of remote wireless
power supplies, and to wirelessly receive a listing of
available other devices in the system and control com-
mands for those other devices;

wherein the controller device utilizes the control com-
mands for controlling at least one of the other devices.

2. The wireless power distribution system of claim 1
wherein the other devices are connected with the power dis-
tribution system by receiving power wirelessly from the wire-
less power supply.

3. The wireless power distribution system of claim 2
wherein at least one of the other devices is configured to
wirelessly receive a listing of a subset of the other devices and
control commands for the subset of the other devices.

4. The wireless power distribution system of claim 3
wherein the at least one of the other devices controls the
subset of the other devices, further wherein the controller
device controls all the other devices including the at least one
of the other devices.

5. The wireless charging power distribution system of
claim 3 wherein at least one of the other devices is configured
to receive confirmation from the wireless power distribution
system before wirelessly receiving the listing of a subset of
the other devices and the control commands for the subset of
the other devices.

6. The wireless power distribution system of claim 1
wherein the power distribution system is less than 50 volts of
direct current (“VDC”).

7. The wireless charging power distribution system of
claim 1 wherein the controller device comprises:

an power receiver that couples with and receives power
wirelessly from the wireless power supply or one of the
plurality of remote wireless power supplies;

a software interface that is configured to receive an indica-
tion when the device is coupled with the wireless charg-
ing power distribution system, and that is configured to
control other devices in the wireless charging power
distribution system when access restrictions are satis-
fied; and

adisplay thatincludes features that are available for control
by the device, wherein those features can be adjusted
with the device.

8. The wireless charging power distribution system of
claim 7 wherein the software interface is coupled with a
memory that stores control commands.

9. The wireless power distribution system of claim 1
wherein each of the plurality of remote wireless power sup-
plies is associated with a particular location and the listing of
available other devices is limited to devices associated with
the one of the plurality of remote wireless power supplies that
wirelessly provides power.

10. The wireless power distribution system of claim 9
wherein each of the other devices is associated with a location
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and each of the other devices is only provided in the listing
when the controller device is at the associated location.

11. The wireless power distribution system of claim 1
further comprising another controller device that is coupled
with the wireless power distribution system over a network
and configured to receive a listing of available other devices in
the system and control commands for those other devices,
further wherein the another controller device utilizes the con-
trol commands for controlling at least one of the other
devices.

12. The wireless power distribution system of claim 1
wherein the controller device controls voltage or current
properties of the power supply.

13. In a computer readable storage medium having stored
therein data representing instructions executable by a pro-
grammed processor for connecting with and establishing con-
trol in a wireless power distribution network, the storage
medium comprising instructions operative for:

identifying the wireless power distribution network;

receiving, as part of a wireless power connection, an indi-

cation of other devices coupled with the wireless power
distribution network;

establishing access controls for each of the other devices,

wherein the access controls comprise features of the
other devices that can be controlled; and

controlling the other devices depending on the access con-

trols.

14. The computer readable storage medium of claim 13,
further comprising:

storing the indication of other devices.

15. The computer readable storage medium of claim 13,
further comprising:

receiving commands for controlling the other devices.

16. The computer readable storage medium of claim 15,
wherein the commands are received as part of the wireless
power connection.

17. A method for establishing control over devices in dif-
ferent wireless power distribution networks comprising:

receiving, at a controller device, an indication of a wireless

power distribution network within proximity of the con-
troller device;

automatically receiving a listing of available power sup-

plies and other devices within the indicated wireless
power distribution network;

accessing commands for at least some of the available

power supplies and the other devices; and

controlling, when granted access, at least some of the avail-

able power supplies or the other devices based on the
granted access with the controller device.

18. The method of claim 17, wherein the commands are
received at the controller device as part of the wireless power
connection.

19. The method of claim 17, further comprising:

receiving, at a device, an indication of another wireless

power distribution network within proximity of the
device when the device is within proximity to the
another wireless power distribution network.

20. The method of claim 17, wherein the controlling of the
at least some of the available power supplies comprise adjust-
ing voltage or current properties of the at least some of the
available power supplies.

21. A method for allowing control over a wireless power
distribution network comprising:
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identifying devices connected with the wireless power dis-
tribution network, wherein the network is configured to
wirelessly provide power to the devices through one or
more power supplies;

determining access control restrictions for devices;

providing a list of the connected to devices and command
codes for certain devices to those devices whose access
control restrictions allow for control over other devices;
and

10
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receiving the command codes from those devices for con-
trolling the other devices.
22. The method of claim 21 wherein the identifying com-
prises an identification for each of the connected devices
23. The method of claim 22 wherein the identification for
each of the connected devices comprises a serial number for
each device.
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