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CLAIMS

1. A method of learming channels betwaen a transmilter and a plurality of
receivers in a wirgless power network, the transmitter comprising an array of
wireless power transmission antennas, the method comprising:

transmitting a pilot signal from the wireless power transmission antennas of
the transmitter;

receiving feedback signals from each receiver of the plurality of receivers, the
feadback signals comprising recsived signal power indications for each respective
receivear;

calculating channel matrices for channels between the wireless transmission
antennas and wireless power reception antennas of each receiver by minimizing an
ohjective function of a channel matrix and the received signal power indications for
the raspective raceiver, and

estimating spatial channe! signatures of the reception antennas on the array
of wirgless power transmission antennas from the dominant eigenvalue and

caorresponding eigenvector of the respective channsl matrix.

2. A method according to claim 1, wherein the objective function is the sum
squared difference between the estimated power dslivered to each raspective
receiver calculated using the channel matrix and the received signal power

indications for each respective receiver.

3. A wireless power transmission method in a wireless power network, the
wirgless power network comprising a wireless power transmitter and a plurality of
wireless power receivers, the wireless power transmitter comprising an array of
wireless power transmission antennas and each wireless receiver of the plurality of
wireless power receiver comprising a wireless power reception antenna, the method
COMprising:

estimating spatial channels between the array of wireless power fransmission
antennas and the wireless power reception antennas of the plurality of wireless

DOWET racaivers;
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dividing a wireless powaer transmission time into a plurality of timeaslots,
wherein each timeslot is allocated {0 a respective one of the wireless power
receivers, and

in each timesiot of the plurality of timeslots, transmitting power from the array
of wireless power transmission antennas according to a transmitter signal vector that
maximizes the delivered power 1o the wireless power receiver to which the timseslot is

allocated.

4, A method according to claim 3, wherein the amplifude of the power
transmitted from the array of wireless power transmission artennas is modified

according o a total power transmission constraint.

5. A method according to claim 3 or claim 4, wherein each timeslot has an equal
duration.
8. A method according to claim 3 or claim 4, further comprising optimizing the

duration of each respective timesiot.

7. A wireless power transmission method in a wireless power network, the
wiraless power network comprising a wireless power transmitter and a plurality of
wirgless power receivers, the wireless power transmitter comprising an array of
wireless power fransmission antennas and each wireless receiver of the plurality of
wireless power receivers comprising a wireless power raception antenna, the
method comprising:

estimating spatial channels betweean the array of wirgless power transmission
antennas and the wireless power reception antennas of the plurality of wireless
power receivers; and

dividing a wireless powaer transmission time into a plurality of timeaslots;
it each timeslot of the plurality of timesiots, transmitting power from the array of
wireless power fransmission antennas according to a transmitter signal vector,
wherein the duration of respective timasiots is optimized according 1o a targst
constraint an the power delivered to each respective antenna over the plurality of

timeslots.
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8. A method according to any of claims 3 {o 7, wherein estimating spatial
channels between the array of wireless power fransmission anternas and the
wirgless power reception antennas of the plurality of wireless power recaivars
comprises learning the spatial channels according to the method of claim 1 or claim
2.

8. A wireless power transmission method in a wireless power network, the
wireless power network comprising a wireless power fransmitier and a plurality of
wireless power receivers, the wireless power transmitter comprising an array of
wireless power transmission antennas and sach wireless receiver of the plurality of
wireless power receivers cComprising a wireless power reception antenna, the
meathod comprising:

transmitting wireless power from the array of wireless power transmission
antennas,

receiving an indication from a wireless receiver of the plurality of wireless
power receivers, the indication indicating a signal power recaived by the wireless
receiver during the wireless power transmission;

comparing the signal power received by the wireless receiver during the
wireless power transmission with a signal power received by the wireless receiver
during a previous frame of wirsless power transmission o determine a drop in signal
power received by the wireless receiver;, and

if the drop in signal power received by the wireless receiver exceeds a
threshold initiating a channel leaming sequence in a succeeding frame of wirgless

power lransmissiorn.

10, A msthoed according o claim 9, wherein further comprising determining a
number of pilot signals for the channel learning sequence based on the drop in

signal power received by the wireless receiver.
11, Amethod according to claim 9 or claim 10, wherein the channel learning

sequence comprises leaming the spatial channels according to the method of claim

1 or ciaim 2.
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12. A controller for a wireless power transmitter configured {0 cause the wireless

power transmitter to carry out a method according (0 any one of claims 1to 11

13. A computer readable carrier medium carrying processor executable
instructions which when axecuted on a processor cause the processor to carry out 8

method according to any one of claims 1 to 11.

14, Awireless power transmiiter comprising an array of wireless power
fransmission antennas and a controller configuread to:

control the transmission antennas to transmit a pilot signat;

receive feadback signais from each receiver of a plurality of receivers, the
feadback signals comprising received signal powear indications for each raspective
receiver;

derive channel matrices for channels batween the wireless fransmission
artennas and wireless powsr reception antennas of gach respective receiver by
minimizing an objective function of a channel matrix and the received signal power
indications for the respective receiver; and

sstimate spatial channel signatures of the reception antennas on the array of
wireless power transmission antennas from the dominant sigenvalue and

corresponding sigenvector of the respective channel matrix.

15, Awireless power transmitter according to claim 14, wherein the objective
function is the sum squared difference betwaen the estimated power delivered to
each respective receiver calculated using the channel mairix and the received signal

power indications for each respective recaiver.

16, A wireless power transmitter comprising an array of wireless power
transmission antennas and a coniroller configured to:

estimate spatial channels betwean the array of wireless power transmission
antennas and the wirgless power reception antennas of a plurality of wireless power
receivars;

divide a wireless power transmission time into a plurality of timeslots, wherein

each timesiot is aliocated (o g respective one of the wireless power receivers; and
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in each timeslot of the plurality of timeslots, control the array of wireless power
transmission antennas to transmit power according o a transmitter signal vector that
maximizes the deliverad power {0 the wireless power receiver 10 which the timaslot is

allocated.

17, A wireless power fransmitter according to claim 16, wherein the controller is
configured to control the amplitude of the power fransmitted from the array of
wirgless power fransmission antennas according to a total power transmission

constraint.

18 A wireless power fransmitter according to claim 16 or claim 17, wherein sach

timaslot has an equal duration.

18, A wireless power transmitter according to claim 16 or claim 17, whearein the

controlier is Tfurther configured to optimize the duration of each respective timeslot.

20, Awireless power transmitter comprising an array of wirsless power
fransmission antennas and a controller configured to:

estimate spatial channels between the array of wireless power transmission
antennas and wireless power recaption antennas of a plurality of wireless power
receivers; and

divide a wireless power fransmission time into a plurality of timeslots;
in @ach timeslot of the plurality of timeslots, transmitting power from the array of
wireless power transmission antennas according to a transmitier signal vector,
wherein the duration of respective timeslots is optimized according to a8 targst
constraint on the power delivered o each respective anienna over the plurality of

timeslots.

21, Awireless power transmitter according to any one of claims 16 {0 20, wherein
the controlier is further configured to:

control the transmission antennas to transmit a pilot signai;

receive feadback signals from each receiver of a plurality of receivers, the
feedback signals comprising received signal power indications for each respeciive

receiver;
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derive channel matrices for channels between the wireless transmission
artennas and wireless power reception antennas of each respective receiver by
minirmizing an objective function of a channeal matrix and the received signal power
indications for the respective receiver; and

estimate spatial channel signatures of the reception antennas on the array of
wireless power transmission antennas from the dominant sigenvalue and

corresponding eigenvector of the respective channel matrix.

22, Awireless power transmitter comprising an array of wireless power
transmission antennas and & controller configured to:

control the array of wireless power fransmission antennas o transmit wireless
power,

receive an indication from a wireless receiver of a plurality of wireless power
receivers, the indication indicating a signai power raceived by the wiraless recaiver
during the wireless power transmission;

compare the signal power received by the wireless receiver during the
wirgless power fransmission with a signal power received by the wireless receiver
during a previous frame of wireless power transmission (o determine a drop in signal
power received by the wireless receiver; and

if the drop in signal power received by the wireless receiver excesds a
threshold initiate a channel leaming sequence in a succesding frame of wireless

power transmission.

23, Awireless power transmitter according to claim 22, wherein the controller is
further configured o determing a number of piiot signals for the channal learning

sequence based on the drop in signal power received by the wireless receiver.

24. A wireless power iransmitter according to claim 22 or 23, whersin the
controller is further configured to:

control the transmission antennas 1o transmit pilct signals;

raceive feadback signails from each receiver of a plurality of receivers, the
feedback signals comprising received signal power indications for sach respective

receijver,
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estimate a chamnne! malrix for channels between the wireless transmission
artennas and wireless power reception antennas of the respeciive receivers by
minirmizing an objsctive function of the channel matrix and the received signal power
indications for each respeclive receiver; and

estimate spatial channel signatures of the reception antennas on the array of
wireless power transmission antennas from the dominant sigenvalue and

corresponding eigenvector of the channel matrix.
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