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METHODS AND APPARATUS FOR CROSS CONNECTION DETECTION AND
MITIGATION IN WIRELESS POWER TRANSFER NETWORKS

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to wireless power transfer and, more particularly,
to methods and apparatus for cross connection detection and mitigation in wireless power
transfer networks.

BACKGROUND

[0002] Wireless charging stations have grown in popularity over the past few years.
Wireless power stations are now more readily available to wirelessly charge computing devices
(e.g., laptops, mobile devices, tablets, etc.). Wireless charging stations connect to a computing
device using two connections. The first connection is a power connection to charge the
computing device. The second connection is a communication connection to communicate data
related to a power signal associated with the power connection. To wirelessly charge a
computing device using traditional techniques, the first and second connections must be
established via the same wireless charging station. Cross connection occurs when a computing
device has a power connection from a first wireless charging station, but the computing device is
communicating via a communication connection from a second wireless charging station. Cross
connection prevents the first and/or second charging stations from properly powering/charging
the computing device because the wireless charging station associated with the power connection

cannot communicate with the computing device.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0003] FIG. 1 is an example illustration of an environment to detect and mitigate a cross
connection in a wireless power transfer network.
[0004] FIG. 2 is an example illustration of a virtual connection for a cross connected
computing device in a wireless power transfer network.
[0005] FIGS. 3 and 4 are diagrams representative of an example virtual communication
connection for cross connection mitigation.

[0006] FIG. 5 is a block diagram of an example of the communication forwarder of FIG.

[0007] FIG. 6 is a block diagram of an example of the topology communication
controller of FIG. 2.

[0008] FIGS. 7-9 are flowcharts representative of example machine readable instructions
that may be executed to implement the example communication forwarder of FIG. 5.

[0009] FIGS. 10-14 are flowcharts representative of example machine readable
instructions that may be executed to implement the example topology communication controller
of FIG. 6.

[0010] FIG. 15 is a block diagram of a processor platform structured to execute the
example machine readable instructions of FIGS. 7-9 to implement the example communication
forwarder of FIG. 5.

[0011] FIG. 16 1s a block diagram of a processor platform structured to execute the
example machine readable instructions of FIGS. 10-14 to implement the example topology
communication controller of FIG. 6.

[0012] The figures are not to scale. Wherever possible, the same reference numbers will
be used throughout the drawing(s) and accompanying written description to refer to the same or
like parts.

DETAILED DESCRIPTION

[0013] A wireless charging station is an electrical device that includes a power
transmitting unit (PTU) (e.g., a transmitter) to provide power to charge one or more electronic
(e.g., computing) devices with power receiving units (PRUs) (e.g., receivers). For example, a
PRU of an electronic device outputs an advertisement (e.g. a wireless signal) to establish a

communication and power connection with a charging station. If the computing device is within
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range of a power signal associated with a PTU of a wireless charging station, the example PTU
establishes a communication connection (e.g., communication link) between the PTU and the
PRU while the computing device receives the power signal via a power connection. A power
signal provides power to (e.g., charges) the computing device via the PRU. The PRU and/or the
PTU can exchange data related to the power signal (e.g., to increase or decrease the power
signal) via the communication link.

[0014] At some locations, multiple wireless charging stations may be utilized to
maximize the total wireless charging area. For example, a table at a coffee shop may include
two or more wireless charging stations equally, or unequally, spread throughout the table. In
such an example, a PRU of a computing device can communicate with and receive power from
any one of the PTUs of the wireless charging stations. In some examples, the PRU of the
computing device communicates with and receives power from the PRU of the closest wireless
charging station.

[0015] When a computing device is close to two or more wireless charging devices it is
possible for cross connection to occur. A cross connection occurs when a PRU of a computing
device is receiving power from a first PTU but is communicating with a second PTU. When
cross connection occurs, the second PTU (e.g., with the established communication connection
to the PRU) cannot control the power being received by the PRU, because the power is
associated with the first PTU. Cross connection can lead to decreased power efficiency and a
poor user experience. Conventional methods related to cross connection may identify or detect
when cross connection occurs; however, conventional methods do not address a cross connection
that has occurred. Thus, there are no conventional solutions for mitigating or addressing a cross
connection once the cross connection has already occurred.

[0016] Examples disclosed herein utilize a transmission gateway to generate a mapping
of multiple connected PTUs in a network (e.g., a topology mapping) by communicating with all
of the multiple PTUs. The topology mapping tracks a number of PTUs that are operating, a
status of the each PTU, an identifier of each PTU, a timestamp, a class of each PTU (e.g.,
associated with a number of type of computing device that can connect to the PTU), a maximum
power of each PTU, a list of PRUs in communication with the PTUs, and/or a mapping of which
PTU is connected (e.g., via a communication connection and/or power connection) to which

PRU. When a new PTU is powered on and/or added to the network, the PTU transmits data
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related to the PTU to the transmission gateway. Thus, the topology mapping can be updated at
any time.

[0017] When a PRU approaches one of the PTUs in the network, the PTU may receive an
advertisement from the PRU. In some examples, the PTU runs an initial cross connection
detection protocol to determine if there is cross connection for the PRU using protocols disclosed
herein. If there is not a cross connection, the PTU communicates with the transmission gateway
to add the data associated with the PRU and the connection between the PTU and the PRU to the
topology mapping. If there is a cross connection, the PTU sends the data associated with the
PRU to the transmission gateway for further processing. As described herein, the transmission
gateway may organize cross connection detection for the network of PTU devices to determine
which PTU is powering the PRU. In such examples, the transmission gateway may add the PRU
data and the cross connection data (e.g., which PTU device is communicating with the PRU and
which PTU is powering the PRU) in the topology mapping. In some examples, when a PTU
receives an advertisement from a PRU, the PTU may forward the PRU data to the transmission
gateway without running an initial cross connection detection protocol.

[0018] There are many types of cross connection detection protocols. In some examples,
cross connection detection includes increasing/decreasing transmitter current (e.g., the current
generated in a coil of the PTU). In such examples, the PTU monitors the rectifier voltage of the
PRU for a change corresponding to the change of the transmitter current associated with the
PTU. Such an example cross connection protocol is herein referred to as “voltage measurement
cross connection detection protocol.”

[0019] In some examples, the PTU measures the PTU output power and the PRU
received power. In such examples, if the PTU output power is equal to the PRU received power,
then the PRU is receiving the power signal from the PTU. Such an example cross connection
protocol is herein referred to as “power measurement cross connection detection protocol.”

[0020] In some examples, the PTU transmits power to the PRU for a time set T (e.g., 10
milliseconds (ms), 20 ms, 30, ms, etc.). In such examples, the PRU changes the PRU load for
the T duration. The PTU detects the load change and measures the load change duration (e.g.,
T’). If the measured duration T’ corresponds to T, then the PRU is receiving power from the
PTU. Such an example cross connection protocol is herein referred to as “time set cross

connection detection protocol.”
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[0021] In some examples, the PTU transmits a value X (e.g., a binary value) encoded
with a code word Y (e.g., a string). In such examples, Y is modulated on the magnetic field
generated by PTU. The PRU receives the modulated signal and decodes to get an estimate of X
(e.g., X’). The PRU inserts X’ into an advertisement and transmits the advertisement to the
PTU. If X is approximately equal to X’, then the PRU is receiving the power signal from the
PTU. Such an example cross connection protocol is herein referred to as “value set cross
connection detection protocol.”

[0022] Each of the above-described cross connection protocols may be problematic in
dense wireless power transmission networks (e.g., where many closely spaced PTUs are present).
For example, in dense wireless power transmission networks, two PTUs may use the same time
set duration T. In such an example, the two PTUs may incorrectly determine that no cross
connection exists because the determined duration T’ matches the duration T; however, because
both PTUs used the duration T, the PRU could be receiving power from either PTU but not both.

[0023] Examples disclosed herein alleviate such incorrect cross connection detection by
using centralized and/or distributed assignments. A centralized assignment, as defined herein, is
when the transmission gateway assigns different time sets T, for example, to each of the PTUs in
the topology to ensure unique time sets for each PTU. A distributed assignment, as defined
herein, is when each PTU selects its own time set T, for example, and transmits the time set T to
the transmission gateway and receives approval before running the time set protocol. In such
examples, the transmission gateway verifies that each time set T is unique and adjust any
matching (e.g., duplicate) time sets.

[0024] Examples disclosed herein may run cross connection detection by organizing
PTUs into groups and running a series of cross connection detections for each group to identify
which PTU in a topology has a power connection with a PRU. For example, if there are ten
PTUs and only five available time sets. The transmission gateway may group the ten PTUs into
two groups of five and distribute the five time sets to each PTU within a group. In such an
example, the transmission gateway may instruct the first group to run the time set based cross
connection detection protocol first and instruct the second group to run the time set based cross
connection detection protocol second. Using examples disclosed herein, the transmission
gateway ensures that cross connection detection can occur when time sets (or values V with code

words Y) are limited.
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[0025] Using examples disclosed herein, once a cross connection has been detected, the
transmission gateway is used to establish a virtual communication connection (e.g., facilitate
communications between a first PTU, a second PTU, and a PRU). For example, the first PTU
may establish a communication link with the PRU while the PRU receives a power signal from a
power connection with the second PTU. In such an example, the second PTU may transmit a
communication signal (e.g., data, a request, a response, a command, etc.) intended for the PRU
to the transmission gateway. The transmission gateway determines that the PRU is connected to
the first PTU via the communication connection based on the topology and transmits the
communication signal to the first PTU to forward to the PRU. Additionally or alternatively, the
PRU may transmit a communication signal to the first PTU intended for the second PTU. In
such an example, the first PTU transmits the communication signal to the transmission gateway
to forward to the second PTU.

[0026] FIG. 1 is an example environment 100 illustrating a wireless power transfer
network with an example transmission gateway 102 communicating with, via an example
gateway link 103, two example PTUs (e.g., charging stations) 104, 106. For example, the
example environment 100 may include the example table 107 in a public environment that
includes two or more PTUs. Although the example environment includes two PTUs, any
number of PTUs may be utilized. The example environment 100 includes the example
transmission gateway 102, the example gateway link 103, the first example PTU 104, the second
example PTU 106, the example table 107, an example wireless power computing device 108, an
example cross connected wireless power computing device 110, example power connections
112, 113, and example communication links 114, 115.

[0027] In the example environment 100 of FIG. 1, the example transmission gateway 102
is a networking device that communicates with various computing devices and develops a
topology of connected computing devices. Alternatively, the example transmission gateway 102
may be any computing device (e.g., a tablet, a mobile device, a portable computing device, a
processor, a gaming system, a server, and/or any computing device). The transmission gateway
102 facilitates cross connection detection and communication between connected PTUs (e.g., the
example PTUs 104, 106) via the example gateway link 103. The example gateway link 103 is a
wired, or wireless, connection used to communicate data between the example transmission

gateway 102 and the example PTUs 104, 106.
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[0028] The example PTUs 104, 106 are power transmission units. The example PTUs
104, 106 include an antenna and/or a coil to generate electromagnetic waves to communicate
with PRUs via the example communication links 114, 115 and/or generate the power signals via
the example power connections 112, 113. The power signals are received by PRUs (e.g.,
embedded in, or otherwise connected to, the example computing devices 108, 110) to power
(e.g., charge) the example computing devices 108, 110. The example communication links 114,
115 are used as to communicate with the PRUs. As further described in FIGS. 2 and 5, the
example PTUs 104, 106 run cross connection detection protocols, communicate to PRUs via
virtual connection links, and communicate with the example transmission gateway 102. For
example, PTUs 104, 106 may communicate PTU data and/or PRU data to the example
transmission gateway 102. The PTU data may include an identifier of the PTU, a class of the
PTU, a power of the PTU, a maximum power of the PTU, a timestamp of the PTU, a status of
the PTU (e.g., how many and/or which PRUs are connected to the PTU), a location of the PTU,
and/or any data related to the PTU. The PRU data may include an identifier of the PRU, a
device type of the PRU, cross connection status of the PRU, a timestamp of the PRU, a class of
the PRU, a power of the PRU, a status of the PRU, a location of the PRU, and/or any data related
to the PRU.

[0029] The example computing devices 108, 110 include PRUs capable of receiving
wireless power via the example power connections 112, 113 from the example PTUs 104, 106 to
charge a battery of the computing devices 108, 110. In the example illustration 100, the example
computing devices 108, 110 are mobile devices. Alternatively, the example computing devices
108, 110 may be computers, laptops, tablets, media players, portable gaming devices, digital
media recorders, and/or any other type of computing device with a PRU embedded in, or
otherwise connected to, the computing device. As previously described, when any one of the
example computing devices 108, 110 enters within a threshold range of either one of the example
PTUs 104, 106, the computing device 108, 110 receives power and/or communicates with at
least one of the example PTUs 104, 106. Although the example environment 100 includes two
computing devices, any number of computing devices may be powered by any one of the
example PTUs 104, 106.

[0030] The example power connections 112, 113 include an electromagnetic wave output

by the example PTUs 104, 106. The example power connections 112, 113 provide power to the
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example computing devices 108, 110. The example communication links 114, 115 are a wireless
link to wireless exchange data between the example PTUs 104, 106 and the example computing
devices 108, 110. The example communication links 114, 115 may be a Bluetooth low energy
(BLE) link, a Wi-Fi link, a near field communication link, a wireless universal serial bus link, a
radio frequency identification link, and/or any other type of wireless link.

[0031] In operation, the example PTUs 104, 106 transmit PTU data to the example
transmission gateway 102 via the gateway link 103 when initially powered up. Additionally or
alternatively, the example PTUs 104,106 may transmit PTU data at any point in time. In
response to receiving the PTU data, the example transmission gateway 102 generates a topology
mapping of connected PTUs (e.g., the example PTUs 104, 106). If additional PTUs power up
and/or connect to the example transmission gateway 102 at a later time, the transmission
gateway 102 may add the additional PTUs to the topology mapping. Additionally, the example
transmission gateway 102 may instruct any one of the connected PTU 104, 106 to transmit
updated PTU data at any period of time.

[0032] When a PTU (e.g., the first example PTU 104) connects to the transmission
gateway 102 and establishes the example communication link 114 with the example computing
device 110, the first example PTU 104 transmits data associated with the PRU (e.g., PRU data)
to the example transmission gateway 102 via the example gateway link 103. In some examples,
the first PTU 104 runs an initial cross connection detection protocol prior to transmitting PRU
data to the example transmission gateway 102. In such examples, the first PTU 104 may
transmit additional data associated with whether or not there is a cross connection for the
example computing device 110.

[0033] The example transmission gateway 102 receives the PRU data and/or the cross
connection data via the gateway link 103 and adds the PRU to the topology mapping based on
the PRU data and/or the cross connection data. In some examples, when the cross connection
data identifies that there is not a cross connection, the example transmission gateway 102
corresponds the PTU with the PRU. In some examples, when there is a cross connection or
when the first example PTU 104 did not run an initial cross connection detection protocol, the
example transmission organizes a cross connection detection. For example, the transmission

gateway 102 may send instructions to the first example PTU 104 and the second example PTU
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106 to run a cross connection detection protocol for a newly connected computing device (e.g.,
the example computing device 110).

[0034] Once the cross connection detection protocol is run, the transmission gateway 102
may identify (A) whether a cross detection exits and (B) if it does, which PTU established the
example communication link 114 with the example computing device 110 and which PTU is
powering the computing device 110 via the power connection 112. The transmission gateway
102 adds any cross connection data to the topology mapping. For example, in the example
illustration 100, the topology mapping generated by the example transmission gateway 102 may
establish that the first example PTU 104 has (A) the power connection 113 and the
communication link 115 (e.g., non-cross connection) with the example computing device 108
and (B) the communication link 114, but not the power connection 112, with a PRU of the
example computing device 110. The topology mapping may further establish that the second
example PTU 106 has the power connection 112 to the PRU of the example computing device
110. Thus, the topology mapping establishes that the example computing device 110 is cross
connected between the first example PTU 104 and the second example PTU 106. The topology
mapping may further include PTU data and PRU data corresponding to the first example PTU
104, the second example PTU 106, the first example computing device 108, and/or the second
example computing device 110.

[0035] As further described in FIGS. 3 and 4, once a cross connection exists in a
topology, the example transmission gateway 102 organizes a virtual connection link with the first
example PTU 104 and the second example PTU 106. In the illustrated example 100, the virtual
connection link allows the second example PTU 106 to communicate with the cross connected
computing device 110 via the transmission gateway 102 and the communication link 114 of the
second example PTU 106. Additionally, the example computing device 110 can communicate
with the example second PTU 106 via the transmission gateway 102.

[0036] FIG. 2 is an illustration of the example cross connected computing device 110 of
FIG. 1. FIG. 2 includes the example transmission gateway 102, the example gateway link 103,
the first example PTU 104, the second example PTU 106, the example computing device 110,
the example power connection 112, and the example communication link 114 of FIG. 1. The

example computing device 110 includes an example PRU 200, the example PTUs 104, 106
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include example communication forwarders 202, 203, and the example transmission gateway
102 includes an example topology communication controller 204.

[0037] The example PRU 200 is an electrical circuit embedded in, or otherwise
connected to, the example computing device 110. The example PRU 200 receives the example
communication link 114 from the first example PTU 104 and/or the example power connection
112 from the second example PTU 106. The example PRU 200 may include an antenna and/or
coil to receive a power signal via the power connection 112. Additionally, the example PRU 200
transmits data to the first example PTU 104 via the communication link 114. The transmitted
data may include instructions, requests, responses, commands, etc. intended for the second
example PTU 106 and/or PRU data.

[0038] The example communication forwarders 202, 203 establish connection links
and/or power links with the example PRU 200 of the example computing device 110.
Additionally, the example communication forwarders 202, 203 may communicate PTU data,
PRU data, cross connection data, and/or any communication data to the example transmission
gateway 102. In some examples, the first example PTU 104 may determine whether or not the
computing device 110 is cross connected by utilizing a cross connection detection protocol. In
some examples, the communication forwarders 202,203 run the cross connection detection
protocol when the communication link 114 is initially established. In some examples, the
communication forwarders 202, 203 run the cross connection detection protocol based on
instructions from the example transmission gateway 102. When a cross connection exists, the
example communication forwarders 202, 203 may forward communication data intended for the
example PRU 200 to the example transmission gateway 102. Alternatively, when a cross
connection exists, the example communication forwarders 202, 203 may forward communication
data intended for a PTU to the example transmission gateway 102. An example of the
forwarding of the communication is further described in FIGS. 3 and 4.

[0039] The example topology communication controller 204 generates and manages a
topology of PTU devices in a network. In some examples, the topology communication
controller 204 updates the topology mapping when additional PTUs and/or PRUs enter the
topology. In some examples, the topology communication controller 204 organizes cross
connection detection protocols to establish if and how the example computing device 110 is

cross connected. Additionally, the example topology communication controller 204 may receive
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communication data from any one of the first example PTU 104 or the second example PTU 106
via the gateway link 103. The communication data may be from or intended for the example
PRU 200 of the computing device 110. The example topology communication controller 204
processes the incoming communication data and forwards the communication data to the
intended destination based on the generated topology mapping via the gateway link 103, as
further described in FIGS. 3 and 4.

[0040] FIG. 3 is an example timing diagram of a virtual connection link used to mitigate
the cross connection of the example PRU 200 of FIG. 2 by facilitating a virtual connection link.
The example timing diagram includes the example transmission gateway 102, the first example
PTU 104, the second example PTU 106, and the example PRU 200 of FIG. 2. The example
timing diagram further includes an example PTU 2 message 300. In the illustrated timing
diagram, the cross connected PRU 200 has a connection link (e.g. the example communication
link 114 of FIG. 2) with the first example PTU 104 and a power connection (e.g., the example
power connection 112 of FIG. 2) with the second PTU 106.

[0041] Because the second example PTU 106 is providing power to the example PRU
200, the second example PTU 106 may need to communicate data to the second example PRU
106. However, the example PRU 200 has a connection link with the first example PTU 104.
Thus, the second example PTU 106 transmits the example PTU_2 message 300 to the example
transmission gateway 102 to forward a PTU with the communication link 114 with the PRU 200.
The example PTU 2 message 300 may be status data, power data, a request, a response, and/or
a command.

[0042] The example transmission gateway 102 processes the example PTU 2 message
300 to determine which PTU (e.g., the first example PTU 104) corresponds to the example PRU
200 based on the PTU 2 message 300. The example transmission gateway 102 determines
which PTU corresponds to the PRU based on the topology mapping. For example, the
transmission gateway 102 determines that the example PRU 200 includes a connection link (e.g.,
the example communication link 114 of FIG. 2) with the first example PTU 104. The
transmission gateway 102 forwards the example PTU 2 message 300 to the first example PTU
104.

[0043] The first example PTU 104 processes the received PRU 2 message 300 to

determine a destination PRU. In some examples, the first example PTU 104 may establish
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connection links with multiple PRUs. In such an example, the first example PTU 104
determines that the example PTU 2 message 300 is associated with the example PRU 200. The
first example PTU 104 transmits the example PTU 2 message 300 to the example PRU 200.

[0044] FIG. 4 is an example timing diagram of a virtual connection link used to mitigate
the cross connection of the example PRU 200 of FIG. 2 by facilitating a virtual connection link.
The example timing diagram includes the example transmission gateway 102, the first example
PTU 104, the second example PTU 106, and the example PRU 200 of FIG. 2. The example
timing diagram further includes an example PRU_message 400. In the illustrated timing
diagram, the cross connected PRU 200 has a connection link (e.g. the example communication
link 114 of FIG. 2) with the first example PTU 104 and a power connection (e.g., the example
power connection 112 of FIG. 2) with the second PTU 106.

[0045] Because the second example PTU 106 is providing power to the example PRU
200, the example PRU 200 may need to communicate data to the second example PTU 106.
However, the example communication link 114 connects the example PRU 200 with the first
example PTU 104. Thus, the example PRU_message 400 from the example PRU 200 is
received by the first example PTU 104 and later forwarded to the intended PTU (e.g., the second
example PTU 106) via the example transmission gateway 102. The example PRU_message 400
may be statues data, power data, a request, a response, and/or a command. The first example
PTU 104 transmits the example PRU_message 400 to the example transmission gateway 102
because (A) the first example PTU 104 identified that the example PRU 200 is cross connection
and/or (B) the first example PTU 104 determines that the example PRU_message 400
corresponds to a different PTU based on data of the example PRU_message 400.

[0046] The example transmission gateway 102 processes the example PRU _message 400
to determine a PTU associated with the PRU_message 400. The example transmission gateway
102 determines which PTU corresponds to the PRU based on the topology mapping. For
example, the transmission gateway 102 determines that the example PRU 200 includes a virtual
connection link with the second example PTU 106. The transmission gateway 102 forwards the
example PRU message 400 to the second example PTU 106.

[0047] FIG. 5 is a block diagram of an example implementation of the example
communication forwarder 202 and/or the example communication forwarder 203 of FIG. 2,

disclosed herein, to generate PTU data, generate PRU data, run cross connection detection
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protocols, and communicate via a virtual connection link. While the example communication
forwarder 202, 203 of FIG. 5 is described in conjunction with the example PTUs 104, 106 of
FIGS. 1 and 2, the example communication forwarder 202, 203 may be utilized in any wireless
power transfer device. The example communication forwarder 202, 203 includes an example
receiver 500, an example PTU data determiner 502, an example PRU data determiner 504, an
example cross connection determiner 506, an example communication controller 508, and an
example transmitter 510. The example communication forwarder 202, 203 communicates with a
connected PRU via the example communication link 114, transmits power to a connected PRU
via the example power connection 112, and communicates with the example transmission
gateway 102 via the example gateway link 103.

[0048] The example receiver 500 receives instructions and/or virtual connection
communication data from the example transmission gateway 102 via the example gateway link
103 and receives communication data from the example PRU 200 via the example
communication link 114. As described above, the instructions may include instructions
associated with a cross connection detection protocol and/or instructions to transmit PTU data
and/or PRU data. The virtual connection communication data may include a message from a
cross connected PRU and/or forwarding instructions associated with a cross connected PRU.

[0049] The example PTU data determiner 502 generates data corresponding to the PTU
(e.g., PTU data). For example, the PTU data determiner 502 may identify an identifier for the
PTU, a class of the PTU, a maximum power of the PTU, a timestamp associated with a power-up
time of the PTU, a number and/or identity of PRUs associated with the PTU, etc. As described
above, the class of the PTU is associated with which types of devices (e.g., mobile devices,
tablets, laptops, etc.) the PTU can power. In some examples, a lower class is associated with low
power devices with small loads and a higher class is associated with high power devices with
large loads. Additionally, the PTU data determiner 502 may monitor a status of the PTU and
generate new PTU data when the status of the PTU changes.

[0050] The example PRU data determiner 504 processes data (e.g., PRU data) received
from a connected PRU (e.g., the example PRU 200 of FIG. 2). For example, when the first
example PTU 104 of FIG. 2 establishes the communication link 114 with the example PRU 200,
the PRU data determiner 504 determines PRU data associated with the example PRU 200 based
on the data received from the connected PRU. The data may include an identifier of the PRU, a
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device type of the PRU, cross connection status of the PRU, a timestamp associated with when
the PRU connected with the first example PTU 104, a class of device connected to the PRU, a
power of the PRU, a load associated with the PRU, a status of the PRU, a location of the PRU,
and/or any data related to the PRU. Additionally, the PRU data determiner 504 may include
cross connection data in the PRU data when a cross connection detection protocol has been
executed.

[0051] The example cross connection determiner 506 executes cross connection
detection protocols to determine if the example PRU 200 is cross connected with another PTU.
In some examples, the cross connection determiner 506 may execute a cross connection
protection protocol after the example communication link 114 is established. In some examples,
the cross connection determiner 506 may execute a cross connection protection protocol after
receiving instructions from the example transmission gateway 102 via the example gateway link
103. As described above, the cross connection detection protocol may be a voltage measurement
cross connection detection protocol, a power measurement cross connection detection protocol, a
time set cross connection detection protocol, a value set cross connection detection protocol,
and/or any other type of cross connection detection protocol. In some examples, the cross
connection determiner 506 may select a cross connection detection protocol. In some examples,
the cross connection determiner 506 receives a cross connection detection protocol from the
example transmission gateway 102. Additionally, when the cross connection detection is a time
set or value set cross connection detection protocol, the example cross connection determiner
506 may randomly select a time set or value set. Alternatively, the example cross connection
determiner 506 may receive the time set or value set from the example transmission gateway
102.

[0052] The example communication controller 508 analyzes communication data from
the example PRU 200 and/or the example transmission gateway 102 to help facilitate a virtual
connection link in a PTU/PRU topology (e.g., such as the example environment 100 of FIG. 1).
In some examples, the communication controller 508 may determine which PRU was the
communication data is intended for (e.g., the example PRU 200). In such examples, the
communication controller 508 forwards the communication data to the example PRU 200.
Alternatively, the communication data may be from the example PRU 200 (e.g., a cross

connected PRU) but intended for a different PTU. In such an example, the communication
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controller 508 forwards the communication data to the example transmission gateway 102 and
the example transmission gateway 102 forwards the data to the intended PTU.

[0053] The example transmitter 502 transmits PTU data, PRU data, cross connection data
and/or communication data to the example transmission gateway 102 via the transmission
gateway link 103. Additionally, the example transmitter 502 provides power to a PRU via the
example power connection 112 and transmits communication data (e.g., requests, responses,
commands, etc.) to a PRU via the example communication link 114.

[0054] FIG. 6 1s a block diagram of an example implementation of the example topology
communication controller 204 of FIG. 2, disclosed herein, to generate a topology mapping of
PTUs and PRUs and mitigate cross connected PTUs in the topology. While the example
topology communication controller 204 of FIG. 6 is described in conjunction with the example
PTUs 104, 106 of FIGS. 1 and 2, the example topology communication controller 204 may be
utilized in any wireless power transfer device. The example topology communication
controller 204 includes an example receiver 600, an example topology mapping generator 602,
an example virtual connection controller 604, and an example transmitter 606. The example
topology communication controller 204 communicates with a topology of PTUs via the
transmission gateway link 103.

[0055] The example receiver 600 receives PTU data, PRU data, cross connection data,
and/or communication data from the example PTUs 104, 106 via the gateway link 103. The
example topology mapping generator 602 generates a PTU/PRU topology mapping based on the
received PTU data, PRU data, and/or cross connection data. For example, when a PTU (e.g., the
first example PTU 104) powers up, the first PTU 104 transmits PTU data to the topology
communication controller 204. The example topology mapping generator 602 processes the
PTU data to add the first example PTU 104 to a PTU/PRU topology mapping based on the PTU
data. If data related to the first example PTU 104 is updated and/or changed, the first example
PTU 104 may send status updates to the example topology communication controller 204 and the
example topology mapping generator 602 may update the PTU/PRU topology mapping
accordingly. As described above, when a PTU (e.g., the first example PTU 104) establishes the
example communication link 114 with the example PRU 200, the first example PTU 104
transmits PRU data associated with the example PRU 200 to the example topology

communication controller 204. The example topology mapping generator 602 processes the
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PRU data to add the example PRU 200 to the PTU/PRU topology mapping. In some examples,
the topology mapping generator 602 determines whether a cross connection detection protocol
has been and/or needs to be run based on the PRU data. If the example PRU 200 is not cross
connected, the example topology mapping generator 602 associates the PRU 200 with the first
example PTU 104. If the example PRU 200 is cross connected, the example topology mapping
generator 602 associates PTUs associated with the cross connection (e.g., the first example PTU
104 and the second example PTU 106). For example, the topology mapping generator 602 may
add the PRU 200 to the PTU/PRU topology mapping noting that the example PRU 200 has the
example power connection 112 with the second example PTU 106 and the example
communication link 114 with the first example PTU 104.

[0056] The example virtual connection controller 604 generates cross connection
detection protocols for PTUs in the PTU/PRU topology mapping. In some examples, when PRU
data is received by the example receiver 600, the example virtual connection controller 604
transmits instructions run a cross connection detection protocol for some or all of the PTUs in the
topology. The example virtual connection controller 604 may run a voltage measurement cross
connection detection protocol, a power measurement cross connection detection protocol, a time
set cross connection detection protocol, a value set cross connection detection protocol, and/or
any other type of cross connection protocol. In some examples, the virtual connection controller
604 may transmit all of the parameters of the cross connection protocol (e.g., a centralized
assignment). For example, when the cross connection detection protocol is a time set protocol,
the example virtual connection controller 604 may select a different time set for each PTU in the
topology. In such an example, the each PTU will run a time set cross connection detection
protocol based on the selected time set. Alternatively, the virtual connection controller 604 may
only transmit instructions to run a cross connection detection protocol without the parameters
(e.g., a distributed assignment). For example, when the virtual connection controller 604 runs a
distributed assignment for a time set cross connection detection, each PTU selects a time set and
transmits the time set to the example topology communication controller 204. In such an
example, the example virtual connection controller 604 verifies that none of the time sets repeat.
If time sets repeat, the example virtual connection controller 604 adjusts at least one of the

repeated time sets so that each PTU has a unique time set.
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[0057] Additionally, the example virtual connection controller 604 facilitates a virtual
connection link for a cross connected PRU (e.g., the example PRU 200 of FIG. 2). For example,
when the example receiver 600 receives communication intended for the example PRU 200. The
example virtual connection controller 604 determines which PTU corresponds to the example
communication link 114 with the example PRU 200 based on the topology mapping generated
by the example topology mapping generator 602. In such an example, the example virtual
connection controller 604 determines that the PRU 200 has the communication link 114 with the
first example PTU 104. Thus, the example virtual connection controller 604 instructs the
example transmitter 606 to transmit the communication data to the first example PTU 104 via the
example gateway link 103. When the example receiver 600 receives communication data
intended for a PTU (e.g., the second example PTU 106), the example virtual connection
controller 604 forwards the communication data to the second example PTU 106.

[0058] While example manners of implementing the example communication forwarder
202, 203 of FIG. 2 is illustrated in the FIG. 5 and the example topology communication
controller 204 of FIG. 2 is illustrated in FIG. 6, elements, processes and/or devices illustrated in
FIGS. 5 and 6 may be combined, divided, re-arranged, omitted, eliminated and/or implemented
in any other way. Further, the example receiver 500, the example PTU data determiner 502, the
example PRU data determiner 504, the example cross connection determiner 506, the example
communication controller 508, the example transmitter 510, and/or, more generally, the example
communication forwarder 202, 203 of FIG. 5, and/or the example receiver 600, the example
topology mapping generator 602, the example virtual connection controller 604, the example
transmitter 606, and/or more generally, the example topology communication controller 204 of
FIG. 6 may be implemented by hardware, machine readable instructions, software, firmware
and/or any combination of hardware, machine readable instructions, software and/or firmware.
Thus, for example, any of the example receiver 500, the example PTU data determiner 502, the
example PRU data determiner 504, the example cross connection determiner 506, the example
communication controller 508, the example transmitter 510, and/or, more generally, the example
communication forwarder 202, 203 of FIG. 5, and/or the example receiver 600, the example
topology mapping generator 602, the example virtual connection controller 604, the example
transmitter 606, and/or more generally, the example topology communication controller 204 of

FIG. 6, could be implemented by analog and/or digital circuit(s), logic circuit(s), programmable
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processor(s), application specific integrated circuit(s) (ASIC(s)), programmable logic device(s)
(PLD(s)) and/or field programmable logic device(s) (FPLD(s)). When reading any of the
apparatus or system claims of this patent to cover a purely software and/or firmware
implementation, at least one of the example receiver 500, the example PTU data determiner 502,
the example PRU data determiner 504, the example cross connection determiner 506, the
example communication controller 508, the example transmitter 510, and/or, more generally, the
example communication forwarder 202, 203 of FIG. 5, and/or the example receiver 600, the
example topology mapping generator 602, the example virtual connection controller 604, the
example transmitter 606, and/or more generally, the example topology communication controller
204 of FIG. 6, is/are hereby expressly defined to include a tangible computer readable storage
device or storage disk such as a memory, a digital versatile disk (DVD), a compact disk (CD), a
Blu-ray disk, etc. storing the software and/or firmware. Further still, the example
communication forwarder 202, 203 of FIG. 5 and/or the example topology communication
controller 204 of FIG. 6 includes elements, processes and/or devices in addition to, or instead of,
those illustrated in FIGS. 7-14, and/or may include more than one of any or all of the illustrated
elements, processes and devices.

[0059] A flowchart representative of example machine readable instructions for
implementing the example communication forwarder 202, 203 of FIG. 5 is shown in FIGS. 7-9
and the example topology communication controller 204 of FIG. 6 is shown in FIGS. 10-14. In
the examples, the machine readable instructions comprise a program for execution by a processor
such as the processors 1512, 1612 shown in the example processor platforms 1500, 1600
discussed below in connection with FIGS. 15 and 16. The program may be embodied in
machine readable instructions stored on a tangible computer readable storage medium such as a
CD-ROM, a floppy disk, a hard drive, a digital versatile disk (DVD), a Blu-ray disk, or a
memory associated with the processors 1512, 1612, but the entire program and/or parts thereof
could alternatively be executed by a device other than the processors 1512, 1612 and/or
embodied in firmware or dedicated hardware. Further, although the example program is
described with reference to the flowcharts illustrated in FIGS. 7-14, many other methods of
implementing the example communication forwarder 202, 203 of FIG. 5 and/or the example

topology communication controller 204 of FIG. 6 may alternatively be used. For example, the
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order of execution of the blocks may be changed, and/or some of the blocks described may be
changed, eliminated, or combined.

[0060] As mentioned above, the example processes of FIGS. 7-14 may be implemented
using coded instructions (e.g., computer and/or machine readable instructions) stored on a
tangible computer readable storage medium such as a hard disk drive, a flash memory, a read-
only memory (ROM), a compact disk (CD), a digital versatile disk (DVD), a cache, a random-
access memory (RAM) and/or any other storage device or storage disk in which information is
stored for any duration (e.g., for extended time periods, permanently, for brief instances, for
temporarily buffering, and/or for caching of the information). As used herein, the term tangible
computer readable storage medium is expressly defined to include any type of computer readable
storage device and/or storage disk and to exclude propagating signals and to exclude
transmission media. As used herein, "tangible computer readable storage medium" and "tangible
machine readable storage medium" are used interchangeably. Additionally or alternatively, the
example processes of FIGS. 7-14 may be implemented using coded instructions (e.g., computer
and/or machine readable instructions) stored on a non-transitory computer and/or machine
readable medium such as a hard disk drive, a flash memory, a read-only memory, a compact
disk, a digital versatile disk, a cache, a random-access memory and/or any other storage device
or storage disk in which information is stored for any duration (e.g., for extended time periods,
permanently, for brief instances, for temporarily buffering, and/or for caching of the
information). As used herein, the term non-transitory computer readable medium is expressly
defined to include any type of computer readable storage device and/or storage disk and to
exclude propagating signals and to exclude transmission media. As used herein, when the phrase
"at least" 1s used as the transition term in a preamble of a claim, it is open-ended in the same
manner as the term "comprising" is open ended.

[0061] FIG. 7 is an example flowchart 700 representative of example machine readable
instructions that may be executed by the example communication forwarder 202, 203 of FIG. 5
to transmit PRU data and/or PTU data to the example transmission gateway 102 for generation
of a PTU/PRU topology mapping in a network.

[0062] At block 702, the example transmitter 510 transmits PTU data to the example
transmission gateway 102 via the transmission gateway link 103. As described above, the

example PTU data is generated by the example PTU data determiner 502. The PTU data
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includes an identifier of the PTU, a class of the PTU, a power of the PTU, a maximum power of
the PTU, a timestamp of the PTU, a status of the PTU (e.g., how many and/or which PRUs are
connected to the PTU), a location of the PTU, and/or any data related to the PTU. The
transmitter 510 may transmit PTU data to the example transmission gateway 102 when the
example communication forwarder 202, 203 powers up, at set time intervals, and/or based on
instructions from the example transmission gateway 102.

[0063] At block 704, the example receiver 500 determines if an advertisement have been
received from a PRU (e.g., the example PRU 200 of FIG. 2). As described above, the example
PRU 200 transmits an advertisement to establish the example communication link 114 with a
PTU. If the example receiver 500 has not received an advertisement, the example receiver 500
continues to search for an advertisement. If the receiver 500 receives an advertisement from the
example PRU 200, then the example cross connection determiner 506 runs a cross connection
detection protocol (block 706). In some examples, the example communication forwarder 202,
203 does not run a cross connection detection protocol without instructions from the example
transmission gateway. As described above, the cross connection detection protocol may be any
one of a voltage measurement cross connection detection protocol, a power measurement cross
connection detection protocol, a time set cross connection detection protocol, a value set cross
connection detection protocol, and/or any other type of cross connection detection protocol.

[0064] At block 708, the cross connection determiner 506 determines if a cross
connection exists based on cross connection detection protocol. If a cross connection does not
exist (e.g., the PTU includes the communication link 114 and the power connection 112 with the
PRU), the example transmitter 510 transmits the PRU data to the example transmission gateway
102 (block 710). The PRU data is processed by the PRU data determiner 504 and may include at
least one of an identifier of the PRU, a device type of the PRU, cross connection status of the
PRU, a timestamp of the PRU, a class of the PRU, a power of the PRU, a status of the PRU, a
location of the PRU, and/or any data related to the PRU. The PRU data may include data
identifying that the PRU is not cross connected with another PTU. If a cross connection does
exist, the example transmitter transmits PTU data to the transmission gateway 102 (block 712).
The PTU data may include data identifying that the PRU is cross connected with another PTU.

[0065] At block 714, the example receiver 500 receives a command from the example

transmission gateway 102. The command includes instructions associated with a cross
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connection detection protocol. As described above, the example transmission gateway 102 may
identify which PTU is associated with the communication link 114 and which PTU is associated
with the power connection 112 for a cross connected PRU. In some examples, the example
transmission gateway 102 will include parameters for the example cross connection detection
protocol. For example, the parameters may include which cross connection detection protocol to
run, as well as how to run the cross connection detection protocol (e.g., which voltage, power,
time set, value set, etc. to use). Alternatively, the parameters may allow the example cross
connection determiner 506 to select some or all of the parameters. In such examples, the
transmitter 510 may transmit the parameters to the transmission gateway prior to running the
cross connection detection protocol to make sure that parameters are not repeated.

[0066] At block 716, the example cross connection determiner 506 executes the received
commands. At block 718, the example transmitter 510 transmits results associated with the
executed commands to the example transmission gateway 102. The results identify whether the
PTU has the example power connection 112 with the example PRU 200. The example
transmission gateway 102 processes the results to develop the PTU/PRU topology mapping.

[0067] FIG. 8 is an example flowchart 800 representative of example machine readable
instructions that may be executed by the example communication forwarder 202, 203 facilitate a
virtual connection link to forward communication data from the example PRU 200 to the second
example PTU 106 via the example transmission gateway 102.

[0068] At block 802, the example receiver 500 of the first example PTU 104 receives
communication data from intended for the second example PTU 106. As described in FIG. 4,
the example communication link 114 is established with the first example PTU 104 and the
power connection 112 is established with the second example PTU 106. Thus, communication
data from the example PRU 200 intended for the second example PTU 106 cannot be transmitted
directly to the second example PTU 106. In some examples, the example communication
controller 508 determines that the PRU 200 is cross connected (e.g., based on a prior cross
connection detection). At block 804, the example communication controller 508 instructs the
example transmitter 510 to transmit the communication data to the example transmission
gateway 102. As further described in FIG. 13, the example transmission gateway 102 identifies
the corresponding PTU (e.g., the second example PTU 106) and forwards the communication

data to the corresponding PTU.
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[0069] FIG. 9 is an example flowchart 900 representative of example machine readable
instructions that may be executed by the example communication forwarder 202, 203 of FIG. 5
facilitate a virtual connection link to communicate with the example PRU 200 via the example
transmission gateway 102 and the first example PTU 104.

[0070] At block 902, the example communication controller 508 of the second example
PTU 106 generates a signal (e.g., communication data) intended for the example cross connected
PRU 200. As described in FIG. 3, the example communication link 114 is established with the
first example PTU 104 and the power connection 112 is established with the second example
PTU 106. Thus, communication data from the second example PTU 106 intended for the
example PRU 200 cannot be transmitted directly to the example PRU 200. In some examples,
the communication controller 508 determines that the PRU 200 is cross connected (e.g., based on
a prior cross connection detection). At block 904, the example communication controller 508
instructs the example transmitter 510 to transmit the generated signal to the example gateway
102. As further described in FIG. 14, the example transmission gateway 102 identifies the PTU
(e.g., the first example PTU 104) corresponding to the example communication link 114 with the
PRU 200 and forwards the signal to the corresponding PTU. The communication controller 508
of the corresponding PTU determines that the signal is intended for the example PRU 200 and
forwards the signal to the example PRU 200.

[0071] FIG. 10 is an example flowchart 1000 representative of example machine
readable instructions that may be executed by the example topology communication controller
204 of FIG. 6 to develop a PTU/PRU topology mapping and facilitate a virtual connection link
for a cross connected PRU.

[0072] Atblock 1002, the example receiver 600 receives PTU data from a PTU. As
described above, the PTU data may be received periodically and/or when the PTU is powered-
up. Additionally, the example topology communication controller 204 may send instructions to
the PTU to transmit PTU data. At block 1004, the example topology mapping generator 602
adds the PTU to the topology mapping based on the received PTU data.

[0073] At block 1006, the example receiver 500 receives PRU data from the PTU. The
PRU data indicates that a new PRU has established a connection link with the PTU. In some
examples, when the PTU runs an initial cross connection detection protocol, the PRU data may

include data related to whether or not a cross connection exists for the corresponding PRU. At
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block 1008, the example virtual connection controller 604 determines if the PRU cross
connected. The determination may be based on the initial cross connection detection protocol.
If, however, an initial cross connection detection protocol has not been run by the PTU, the
virtual connection 604 assumes that the PRU is cross connected and assumes a cross connection
detection protocol is needed. If the PRU is not cross connected, the flowchart continues to
block 1016. If the PRU is, or is assumed to be, cross connected, the virtual connection controller
604 determines if there are more than a threshold number of PTUs connected to the example
transmission gateway 102 based on the topology mapping. Some cross connection detection
transmission protocols (e.g., time set or value set) only include a threshold number of parameters
(e.g., time set values or value set values) can be used before the parameters are repeated. When
parameters are repeated, the cross connection detection can lead to repeated results creating
uncertainty.

[0074] If the example topology mapping generator 602 determines that there are more
than a threshold number of PTUs connected to the transmission gateway 102, the virtual
connection controller 604 runs a grouped cross connection detection (block 1012), as further
described in FIG. 12. If the example topology mapping generator 602 determines that there are
not more than a threshold number of PTUs connected to the transmission gateway 102, the
example virtual connection controller 604 runs a cross connection detection protocol (block
1014). As described above, the cross connection detection protocol instructions are sent to each
PTU in the topology via the example transmitter 606. The cross connection detection protocol
may be a voltage measurement cross connection detection protocol, a power measurement cross
connection detection protocol, a time set cross connection detection protocol, a value set cross
connection detection protocol, and/or any other type of cross connection detection protocol. In
some examples, the virtual connection controller 604 determines all of the parameters of the
cross connection detection protocol (e.g., a centralized assignment). For example, the virtual
connection controller 604 may run a time set cross connection detection protocol, wherein the
virtual connection controller 604 assigns a time set value for each of the PTUs in the PTU/PRU
topology. Alternatively, the virtual connection controller 604 may run a time set cross
connection detection protocol wherein the PTUs are free to select a time set value (e.g., a

distributed assignment), as further described in FIG. 11.

23



WO 2017/172078 PCT/US2017/017811

[0075] At block 1016, the example topology mapping generator 602 adds PRU data to
the topology mapping. For example, if a first PRU is connected to a first PTU and is not cross
connected, the topology mapping generator 602 will add the first PRU in association with the
first PTU to the topology mapping. If a second PRU is cross connected with the first PTU and a
second PTU, the topology mapping generator 602 will add the second PRU in association with
the first PTU and the second PTU to the topology mapping based on the cross connection data in
the PTU data.

[0076] FIG. 11 is an example flowchart 1100 representative of example machine
readable instructions that may be executed by the example topology communication controller
204 to run a cross connection detection protocol for all PTUs in a topology using a distributed
assignment. The example flowchart 1100 is described in conjunction with the topology
communication controller 204 of FIG. 6. Although the example flowchart 1100 is described in
relation to a time set cross connection detection protocol, any cross connection detection protocol
may be used.

[0077] Atblock 1102, the example virtual connection controller 604 instructs the
example transmitter 606 to transmit a cross connection detection request for a PRU to some or all
of the PTUs in the topology. As described above, the request does not include all of the
parameters of the cross connection detection protocol (e.g., a distributed assignment). For
example, if the cross connection detection protocol is a time set cross connection detection
protocol, the request will not include the time set values. In such distributed assignments, the
example communication forwarder 202, 203 of a PTU determines a time set value locally and
transmits the determined value to the topology communication controller 204.

[0078] At block 1104, the example receiver 600 receives time set values for each PTU.
At block 1106, the example virtual connection controller 604 determines if there are duplicate
time set values. As described above, each time set value needs to be unique to properly cross
connection data associated with a PRU. If the example virtual connection controller 604
determines that there are no duplicate time set values, the flowchart continues to block 1112, If
the example virtual connection controller 604 determines that there is a duplicated time set value,
the virtual connection link adjusts at least one of the duplicated time set values based on the
received time set values (block 1108). For example, if the example virtual connection controller

604 received a 30 ms time set for a first PTU, a 40 ms time set for a second PTU, a 40 ms time
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set for a third PTU, and a 60 ms time set for a fourth PTU, the virtual connection controller 604
may adjust the time set of the second or third PTU to 50 ms.

[0079] Atblock 1110, the virtual connection controller 604 instructs the example
transmitter 606 to transmit the adjusted time set values to the PTU(s) associated with repeated
time set values. In some examples, the transmitter 606 transmits a start cross connection
detection request to all PTUs in the topology. The start cross connection detection request
identifies that the time set values are set for each PTU and that each PTU can begin running the
cross connection detection protocol.

[0080] Atblock 1112, the example receiver 600 receives cross connection responses
based on measured load change durations. For example, the receiver 600 may receive a
measured load change duration of 30 ms. In such an example, the topology mapping generator
602 determines that the PRU is associated and/or cross connected with the first PTU because the
time set value of the first PTU was 30 ms. The topology mapping generator 602 adds the PRU in
association with the first PTU to the topology mapping.

[0081] FIG. 12 is an example flowchart 1012 representative of example machine
readable instructions that may be executed by the example topology communication controller
204 to run the grouped cross connection detection protocol for all PTUs in a topology, as
described in block 1012 of FIG. 10. The example flowchart 1012 is described in conjunction
with the topology communication controller 204 of FIG. 6. Although the example flowchart
1012 is described in relation to a time set cross connection detection protocol, any cross
connection detection protocol may be used.

[0082] At block 1202, the example virtual connection controller 604 groups the PTUs in
the topology mapping. In some examples, the groups may be based on physical location of
PTUs. The groups are no larger than a threshold number of PTUs. The threshold is based on the
number of available time set values. For example, if there are five available time set values, then
each group of PTUs can include no more than five PTUs.

[0083] At block 1204, the example virtual connection controller 604 instructs Nth (e.g.,
1%) group of PTUs to run a cross connection detection protocol. As described above, the cross
connection detection protocol may be any one of a voltage measurement cross connection
detection protocol, a power measurement cross connection detection protocol, a time set cross

connection detection protocol, a value set cross connection detection protocol, and/or any other
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type of cross connection detection protocol. Additionally, the cross connection detection
protocol may be a centralized assignment or a distributed assignment.

[0084] At block 1206, the example virtual connection controller 604 determines if a PTU
associated with the power connection 112 has been identified. If the power connected PTU has
not been identified, the example virtual connection controller updates N to the next group (e.g.,
2) (block 1208) and runs a cross connection detection for the 2™ group (block 1204). When the
example virtual connection controller 604 identifies the PTU associated with the example power
connection 112, the process ends.

[0085] FIG. 13 is an example flowchart 1300 representative of example machine
readable instructions that may be executed by the example topology communication controller
204 of FIG. 6 to facilitate a virtual connection link for the example cross connected PRU 200 of
FIG. 2.

[0086] At block 1302, the example receiver 600 receives communication data from the
example PRU 200 via the first example PTU 104. As described in FIG. 4, the communication
data is intended for second example PTU 106. At block 1304, the example virtual connection
controller 604 determines that the second example PTU 106 is connected with the example PRU
200 via the example power connection 112 based on the topology mapping generated by the
example topology mapping generator 602. At block 1306, the example transmitter 606 transmits
the communication data to the second example PTU 106.

[0087] FIG. 14 is an example flowchart 1400 representative of example machine
readable instructions that may be executed by the example topology communication controller
204 of FIG. 6 to facilitate a virtual connection link for the example cross connected PRU 200 of
FIG. 2.

[0088] At block 1402, the example receiver 600 receives communication data from the
second example PTU 106. As described in FIG. 3, the communication data is intended for the
example PRU 200. At block 1304, the example virtual connection controller 604 determines that
the first example PTU 104 is connected with the example PRU 200 via the example
communication link 114 based on the topology generated by the example topology mapping
generator 602. At block 1306, the example transmitter 606 transmits the communication data to

the first example PTU 104.
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[0089] FIG. 15 is a block diagram of an example processor platform 1500 capable of
executing the instructions of FIGS. 7-9 to implement the example communication forwarder 202,
203 of FIGS. 2 and 5. The processor platform 1500 can be, for example, a server, a personal
computer, a mobile device (e.g., a cell phone, a smart phone, a tablet such as an iPad™), a
personal digital assistant (PDA), an Internet appliance, or any other type of computing device.

[0090] The processor platform 1500 of the illustrated example includes a processor 1512.
The processor 1512 of the illustrated example is hardware. For example, the processor 1512 can
be implemented by integrated circuits, logic circuits, microprocessors or controllers from any
desired family or manufacturer.

[0091] The processor 1512 of the illustrated example includes a local memory 1513 (e.g., a
cache). The example processor 1512 of FIG. 15 executes the instructions of FIGS. 7-9 to
implement the example receiver 500, the example PTU data determiner 502, the example PRU
data determiner 504, the example cross connection determiner 506, the example communication
controller 508, and/or the example transmitter 510 of FIG. 5 to implement the example
communication forwarder 202, 203. The processor 1512 of the illustrated example is in
communication with a main memory including a volatile memory 1514 and a non-volatile
memory 1516 via a bus 1518. The volatile memory 1514 may be implemented by Synchronous
Dynamic Random Access Memory (SDRAM), Dynamic Random Access Memory (DRAM),
RAMBUS Dynamic Random Access Memory (RDRAM) and/or any other type of random
access memory device. The non-volatile memory 1516 may be implemented by flash memory
and/or any other desired type of memory device. Access to the main memory 1514, 1516 is
controlled by a clock controller.

[0092] The processor platform 1500 of the illustrated example also includes an interface
circuit 1520. The interface circuit 1520 may be implemented by any type of interface standard,
such as an Ethernet interface, a universal serial bus (USB), and/or a PCI express interface.

[0093] In the illustrated example, one or more input devices 1522 are connected to the
interface circuit 1520. The input device(s) 1522 permit(s) a user to enter data and commands
into the processor 1512. The input device(s) can be implemented by, for example, a sensor, a
microphone, a camera (still or video), a keyboard, a button, a mouse, a touchscreen, a track-pad,

a trackball, isopoint and/or a voice recognition system.
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[0094] One or more output devices 1524 are also connected to the interface circuit 1520 of the
illustrated example. The output devices 1524 can be implemented, for example, by display
devices (e.g., a light emitting diode (LED), an organic light emitting diode (OLED), a liquid
crystal display, a cathode ray tube display (CRT), a touchscreen, a tactile output device, and/or
speakers). The interface circuit 1520 of the illustrated example, thus, typically includes a
graphics driver card, a graphics driver chip or a graphics driver processor.

[0095] The interface circuit 1520 of the illustrated example also includes a communication
device such as a transmitter, a receiver, a transceiver, a modem and/or network interface card to
facilitate exchange of data with external machines (e.g., computing devices of any kind) via a
network 1526 (e.g., an Ethernet connection, a digital subscriber line (DSL), a telephone line,
coaxial cable, a cellular telephone system, etc.).

[0096] The processor platform 1500 of the illustrated example also includes one or more mass
storage devices 1528 for storing software and/or data. Examples of such mass storage devices
1528 include floppy disk drives, hard drive disks, compact disk drives, Blu-ray disk drives,
RAID systems, and digital versatile disk (DVD) drives.

[0097] The coded instructions 1532 of FIG. 15 may be stored in the mass storage device
1528, in the volatile memory 1514, in the non-volatile memory 1516, and/or on a removable
tangible computer readable storage medium such as a CD or DVD.

[0098] FIG. 16 is a block diagram of an example processor platform 1600 capable of
executing the instructions of FIGS. 10-14 to implement the example topology communication
controller 204 of FIGS. 2 and 6. The processor platform 1600 can be, for example, a server, a
personal computer, a mobile device (e.g., a cell phone, a smart phone, a tablet such as an
iPad™), a personal digital assistant (PDA), an Internet appliance, or any other type of computing
device.

[0099] The processor platform 1600 of the illustrated example includes a processor 1612.
The processor 1612 of the illustrated example is hardware. For example, the processor 1612 can
be implemented by integrated circuits, logic circuits, microprocessors or controllers from any
desired family or manufacturer.

[00100]  The processor 1612 of the illustrated example includes a local memory 1613 (e.g.,
a cache). The example processor 1612 of FIG. 16 executes the instructions of FIGS. 10-14 to

implement the example receiver 600, the example topology mapping generator 602, the example
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virtual connection controller 604, and/or the example transmitter 606 of FIG. 6 to implement the
example topology communication controller 204. The processor 1612 of the illustrated example
is in communication with a main memory including a volatile memory 1614 and a non-volatile
memory 1616 via a bus 1618. The volatile memory 1614 may be implemented by Synchronous
Dynamic Random Access Memory (SDRAM), Dynamic Random Access Memory (DRAM),
RAMBUS Dynamic Random Access Memory (RDRAM) and/or any other type of random
access memory device. The non-volatile memory 1616 may be implemented by flash memory
and/or any other desired type of memory device. Access to the main memory 1614, 1616 is
controlled by a clock controller.

[00101]  The processor platform 1600 of the illustrated example also includes an interface
circuit 1620. The interface circuit 1620 may be implemented by any type of interface standard,
such as an Ethernet interface, a universal serial bus (USB), and/or a PCI express interface.

[00102]  In the illustrated example, one or more input devices 1622 are connected to the
interface circuit 1620. The input device(s) 1622 permit(s) a user to enter data and commands
into the processor 1612. The input device(s) can be implemented by, for example, a sensor, a
microphone, a camera (still or video), a keyboard, a button, a mouse, a touchscreen, a track-pad,
a trackball, isopoint and/or a voice recognition system.

[00103]  One or more output devices 1624 are also connected to the interface circuit 1620
of the illustrated example. The output devices 1624 can be implemented, for example, by
display devices (e.g., a light emitting diode (LED), an organic light emitting diode (OLED), a
liquid crystal display, a cathode ray tube display (CRT), a touchscreen, a tactile output device,
and/or speakers). The interface circuit 1620 of the illustrated example, thus, typically includes a
graphics driver card, a graphics driver chip or a graphics driver processor.

[00104]  The interface circuit 1620 of the illustrated example also includes a
communication device such as a transmitter, a receiver, a transceiver, a modem and/or network
interface card to facilitate exchange of data with external machines (e.g., computing devices of
any kind) via a network 1626 (e.g., an Ethernet connection, a digital subscriber line (DSL), a
telephone line, coaxial cable, a cellular telephone system, etc.).

[00105]  The processor platform 1600 of the illustrated example also includes one or more

mass storage devices 1628 for storing software and/or data. Examples of such mass storage
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devices 1628 include floppy disk drives, hard drive disks, compact disk drives, Blu-ray disk
drives, RAID systems, and digital versatile disk (DVD) drives.

[00106]  The coded instructions 1632 of FIG. 16 may be stored in the mass storage device
1628, in the volatile memory 1614, in the non-volatile memory 1616, and/or on a removable
tangible computer readable storage medium such as a CD or DVD.

[00107]  From the foregoing, it would be appreciated that the above disclosed method,
apparatus, and articles of manufacture generate a PTU/PRU topology mapping and a virtual
connection link to facilitate communications for a cross connected PRU. Using the examples
disclosed herein, a cross connected PRU can be identified in a topology and a virtual connection
link can facilitate communication between a PTU and a PRU that do not share a direct
connection link.

[00108]  Conventional techniques of cross connection detection can identify whether a
cross connection detection exists, but cannot mitigate communications for a cross connected
PRU. Examples disclosed herein alleviate such problems by utilizing a transmission gateway to
generate a topology mapping of connected PTUs in a network. The transmission gateway can
identify a cross connection, determine details associated with the cross connection (e.g., which
PTU has a connection link to a PRU and which PTU has a power connection with the PRU), and
facilitate communications for a cross connected PRU via a virtual connection link.

[00109]  Example 1 is a method comprising receiving first data from a first power
transmitting unit (PTU), receiving second data from a second PTU, and generating a connected
device mapping based on the first data and the second data.

[00110]  Example 2 includes the subject matter of example 1, further including receiving
third data from the first PTU, the third data corresponding to a power receiving unit (PRU)
connected to the first PTU.

[00111]  Example 3 includes the subject matter of example 2, further including
determining that the PRU is cross connected, wherein the determination includes: in response to
receiving the third data from the PTU, instructing the first PTU and second PTU to run a cross
connection protocol, the cross connection protocol identifying which PTU is providing power to
the PRU; when the PRU is receiving the power from the first PTU, determining that the PRU is
not cross connected, and when the PRU is not receiving the power from the first PTU,

determining that the PRU is cross connected.
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[00112]  Example 4 includes the subject matter of example 3, wherein, when the PRU is
cross connected with the first PTU and the second PTU: correlating the PRU with the first PTU
and the second PTU and adding the correlation to the connected device mapping.

[00113]  Example 5 includes the subject matter of example 2, wherein the PRU receives
power from the first PTU and communicates with the second PTU.

[00114]  Example 6 includes the subject matter of example 5, further including receiving
communication data from the second PTU, the communication data being generated by the PRU,
determining that the communication data is intended for the first PTU based on the connected
device mapping, and transmitting the communication data to the first PTU.

[00115]  Example 7 includes the subject matter of example 5, further including receiving
communication data from the first PTU, the communication data being generated by the first
PTU, determining that the communication data is intended for the PRU based on the connected
device mapping, and transmitting the communication data to the second PTU.

[00116] Example 8 includes the subject matter of example 1, 6, or 7, wherein the first data
includes at least one of an identifier of the first PTU, a class of the first PTU, a power of the first
PTU, a maximum power of the first PTU, a timestamp associated with power-up of the first
PTU, a status of the first PTU, or a physical location of the first PTU and the second data
includes at least one of an identifier of the second PTU, a class of the second PTU, a power of
the second PTU, a maximum power of the second PTU, a timestamp associated with power-up
of the second PTU, a status of the second PTU, or a physical location of the second PTU.

[00117]  Example 9 includes the subject matter of example 2, wherein the third data
includes at least one of an identifier of the PRU, a device type of the PRU, a cross connection
status of the PRU, a timestamp of the PRU, a class of the PRU, a power of the PRU, a status of
the PRU, or a location of the PRU.

[00118]  Example 10 includes the subject matter of example 6 or 7, wherein the
communication data includes data related to the power.

[00119]  Example 11 includes an apparatus comprising a receiver to (A) receive first data
from a first power transmitting unit (PTU) and (B) second data from a second PTU, wherein the
first PTU and the second PTU are capable of providing wireless power to power receiving units.
Example 11 also includes a topology mapping generator to generate a connected device mapping

based on the first data and the second data.
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[00120]  Example 12 includes the subject matter of example 11, wherein the receiver is to
receive third data from the first PTU, the third data corresponding to a power receiving unit
(PRU) connected to the first PTU.

[00121]  Example 13 includes the subject matter of example 12, wherein the topology
mapping generator is to determine that the PRU is cross connected by, in response to receiving
the third data from the PTU, instructing the first PTU and second PTU to run a cross connection
protocol, the cross connection protocol identifying which PTU is providing power to the PRU.
Example 13 also includes, when the PRU is receiving the power from the first PTU, determining
that the PRU is not cross connected. Example 13 also includes, when the PRU is not receiving
the power from the first PTU, determining that the PRU is cross connected.

[00122] Example 14 includes the subject matter of example 13, wherein the topology
mapping generator is to, when the PRU is cross connected with the first PTU and the second
PTU correlate the PRU with the first PTU and the second PTU and add the correlation to the
connected device mapping.

[00123]  Example 15 includes the subject matter of example 12, wherein the PRU receives
power from the first PTU and communicates with the second PTU.

[00124]  Example 16 includes the subject matter of example 15, further including a virtual
connection controller and a transmitter, wherein the receiver is to receive communication data
from the second PTU, the communication data being generated by the PTU, the virtual
connection controller is to determine that the communication data is intended for the first PTU
based on the connected device mapping, and the transmitter is to transmit the communication
data to the first PTU.

[00125]  Example 17 includes the subject matter of example 15, further including a virtual
connection controller and a transmitter, wherein the receiver is to receive communication data
from the first PTU, the communication data being generated by the first PTU, the virtual
connection controller is to determine that the communication data is intended for the PRU based
on the connected device mapping, and the transmitter is to transmit the communication data to
the second PTU.

[00126] Example 18 includes the subject matter of example 11, 16, or 17, wherein the first
data includes at least one of an identifier of the first PTU, a class of the first PTU, a power of the

first PTU, a maximum power of the first PTU, a timestamp associated with power-up of the first
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PTU, a status of the first PTU, or a physical location of the first PTU and the second data
includes at least one of an identifier of the second PTU, a class of the second PTU, a power of
the second PTU, a maximum power of the second PTU, a timestamp associated with power-up
of the second PTU, a status of the second PTU, or a physical location of the second PTU.

[00127]  Example 19 includes the subject matter of example 12, wherein the third data
includes at least one of an identifier of the PRU, a device type of the PRU, a cross connection
status of the PRU, a timestamp of the PRU, a class of the PRU, a power of the PRU, a status of
the PRU, or a location of the PRU.

[00128] Example 20 includes the subject matter of example 16 or 17, wherein the
communication data includes data related to the power.

[00129]  Example 21 includes a computer readable medium comprising instructions that,
when executed, cause a machine to at least receive first data from a first power transmitting unit
(PTU), receive second data from a second PTU, wherein the first PTU and the second PTU are
capable of providing wireless power to power receiving units, and generate a connected device
mapping based on the first data and the second data.

[00130]  Example 22 includes the subject matter of example 21, wherein the instructions
cause the machine to receive third data from the first PTU, the third data corresponding to a
power receiving unit (PRU) connected to the first PTU.

[00131]  Example 23 includes the subject matter of example 22, wherein the instructions
cause the machine to determine that the PRU is cross connected by, in response to receiving the
third data from the PTU, instructing the first PTU and second PTU to run a cross connection
protocol, the cross connection protocol identifying which PTU is providing power to the PRU,
when the PRU is receiving the power from the first PTU, determining that the PRU is not cross
connected, and, when the PRU is not receiving the power from the first PTU, determining that
the PRU is cross connected.

[00132]  Example 24 includes the subject matter of example 23, wherein the instructions
cause the machine to, when the PRU is cross connected with the first PTU and the second PTU,
correlate the PRU with the first PTU and the second PTU and add the correlation to the
connected device mapping.

[00133]  Example 25 includes the subject matter of example 22, wherein the PRU receives

power from the first PTU and communicates with the second PTU.
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[00134]  Example 26 includes the subject matter of example 25, wherein the instructions
cause the machine to receive communication data from the second PTU, the communication data
being generated by the PRU, determine that the communication data is intended for the first PTU
based on the connected device mapping, and transmit the communication data to the first PTU.

[00135]  Example 27 includes the subject matter of example 25, wherein the instructions
cause the machine to receive communication data from the first PTU, the communication data
being generated by the first PTU, determine that the communication data is intended for the PRU
based on the connected device mapping, and transmit the communication data to the second
PTU.

[00136] Example 28 includes the subject matter of example 21, 26, or 27, wherein the first
data includes at least one of an identifier of the first PTU, a class of the first PTU, a power of the
first PTU, a maximum power of the first PTU, a timestamp associated with power-up of the first
PTU, a status of the first PTU, or a physical location of the first PTU and the second data
includes at least one of an identifier of the second PTU, a class of the second PTU, a power of
the second PTU, a maximum power of the second PTU, a timestamp associated with power-up
of the second PTU, a status of the second PTU, or a physical location of the second PTU.

[00137]  Example 29 includes the subject matter of example 22, wherein the third data
includes at least one of an identifier of the PRU, a device type of the PRU, a cross connection
status of the PRU, a timestamp of the PRU, a class of the PRU, a power of the PRU, a status of
the PRU, or a location of the PRU.

[00138]  Example 30 includes the subject matter of example 26 or 27, wherein the
communication data includes data related to the power.

[00139]  Although certain example methods, apparatus and articles of manufacture have
been described herein, the scope of coverage of this patent is not limited thereto. On the
contrary, this patent covers all methods, apparatus and articles of manufacture fairly falling

within the scope of the claims of this patent.
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What Is Claimed Is:

1. A method comprising:

receiving first data from a first power transmitting unit (PTU);

receiving second data from a second PTU, wherein the first PTU and the second PTU are
capable of providing wireless power to power receiving units; and

generating a connected device mapping based on the first data and the second data.

2. The method of claim 1, further including receiving third data from the first PTU,
the third data corresponding to a power receiving unit (PRU) connected to the first PTU.

3. The method of claim 2, further including determining that the PRU is cross
connected by:

in response to receiving the third data from the PTU, instructing the first PTU and second
PTU to run a cross connection protocol, the cross connection protocol identifying which PTU is
providing power to the PRU;

when the PRU is receiving the power from the first PTU, determining that the PRU is not
cross connected; and

when the PRU is not receiving the power from the first PTU, determining that the PRU is
cross connected.

4. The method of claim 3, wherein, when the PRU is cross connected with the first
PTU and the second PTU:

correlating the PRU with the first PTU and the second PTU; and

adding the correlation to the connected device mapping.

5. The method of claim 2, wherein the PRU receives power from the first PTU and

communicates with the second PTU.

6. The method of claim 5, further including:

receiving communication data from the second PTU, the communication data being
generated by the PRU;

determining that the communication data is intended for the first PTU based on the
connected device mapping; and

transmitting the communication data to the first PTU.

7. The method of claim 5, further including:
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receiving communication data from the first PTU, the communication data being
generated by the first PTU;

determining that the communication data is intended for the PRU based on the connected
device mapping; and

transmitting the communication data to the second PTU.

8. The method of claim 1, 6, or 7, wherein:

the first data includes at least one of an identifier of the first PTU, a class of the first
PTU, a power of the first PTU, a maximum power of the first PTU, a timestamp associated with
power-up of the first PTU, a status of the first PTU, or a physical location of the first PTU; and

the second data includes at least one of an identifier of the second PTU, a class of the
second PTU, a power of the second PTU, a maximum power of the second PTU, a timestamp
associated with power-up of the second PTU, a status of the second PTU, or a physical location
of the second PTU.

9. The method of claim 2, wherein the third data includes at least one of an identifier
of the PRU, a device type of the PRU, a cross connection status of the PRU, a timestamp, a class
of the PRU, a power of the PRU, a status of the PRU, or a location of the PRU.

10. The method of claim 6 or 7, wherein the communication data includes data related
to the power.

11.  An apparatus comprising:

a receiver to (A) receive first data from a first power transmitting unit (PTU) and (B)
second data from a second PTU, wherein the first PTU and the second PTU are capable of
providing wireless power to power receiving units; and

a topology mapping generator to generate a connected device mapping based on the first
data and the second data.

12.  The apparatus of claim 11, wherein the receiver is to receive third data from the
first PTU, the third data corresponding to a power receiving unit (PRU) connected to the first
PTU.

13. The apparatus of claim 12, wherein the topology mapping generator is to

determine that the PRU is cross connected by:
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in response to receiving the third data from the PTU, instructing the first PTU and second
PTU to run a cross connection protocol, the cross connection protocol identifying which PTU is
providing power to the PRU;

when the PRU is receiving the power from the first PTU, determining that the PRU is not
cross connected; and

when the PRU is not receiving the power from the first PTU, determining that the PRU is
cross connected.

14. The apparatus of claim 13, wherein the topology mapping generator is to, when
the PRU is cross connected with the first PTU and the second PTU:

correlate the PRU with the first PTU and the second PTU; and

add the correlation to the connected device mapping.

15. The apparatus of claim 12, wherein the PRU receives power from the first PTU
and communicates with the second PTU.

16.  The apparatus of claim 15, further including a virtual connection controller and a
transmitter, wherein:

the receiver is to receive communication data from the second PTU, the communication
data being generated by the PTU;,

the virtual connection controller is to determine that the communication data is intended
for the first PTU based on the connected device mapping; and

the transmitter is to transmit the communication data to the first PTU.

17.  The apparatus of claim 15, further including a virtual connection controller and a
transmitter, wherein:

the receiver is to receive communication data from the first PTU, the communication data
being generated by the first PTU;

the virtual connection controller is to determine that the communication data is intended
for the PRU based on the connected device mapping; and

the transmitter is to transmit the communication data to the second PTU.

18. The apparatus of claim 11, 16, or 17, wherein:

the first data includes at least one of an identifier of the first PTU, a class of the first
PTU, a power of the first PTU, a maximum power of the first PTU, a timestamp associated with

power-up of the first PTU, a status of the first PTU, or a physical location of the first PTU; and
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the second data includes at least one of an identifier of the second PTU, a class of the
second PTU, a power of the second PTU, a maximum power of the second PTU, a timestamp
associated with power-up of the second PTU, a status of the second PTU, or a physical location
of the second PTU.

19.  The apparatus of claim 12, wherein the third data includes at least one of an
identifier of the PRU, a device type of the PRU, a cross connection status of the PRU, a
timestamp of the PRU, a class of the PRU, a power of the PRU, a status of the PRU, or a location
of the PRU.

20. The apparatus of claim 16 or 17, wherein the communication data includes data
related to the power.

21. A computer readable medium comprising instructions that, when executed, cause
a machine to at least:

receive first data from a first power transmitting unit (PTU);

receive second data from a second PTU, wherein the first PTU and the second PTU are
capable of providing wireless power to power receiving units; and

generate a connected device mapping based on the first data and the second data.

22, The computer readable medium of claim 21, wherein the instructions cause the
machine to receive third data from the first PTU, the third data corresponding to a power
receiving unit (PRU) connected to the first PTU.

23.  The computer readable medium of claim 22, wherein the instructions cause the
machine to determine that the PRU is cross connected by:

in response to receiving the third data from the PTU, instructing the first PTU and second
PTU to run a cross connection protocol, the cross connection protocol identifying which PTU is
providing power to the PRU;

when the PRU is receiving the power from the first PTU, determining that the PRU is not
cross connected; and

when the PRU is not receiving the power from the first PTU, determining that the PRU is
cross connected.

24.  The computer readable medium of claim 23, wherein the instructions cause the
machine to, when the PRU is cross connected with the first PTU and the second PTU:

correlate the PRU with the first PTU and the second PTU; and
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add the correlation to the connected device mapping.
25.  The computer readable medium of claim 22, wherein the PRU receives power

from the first PTU and communicates with the second PTU.
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