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SITUATION AWARE WIRELESS POWER
TRANSMISSION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims benefit under 35 USC 119(e) of US Patent
Application Number 62/648,873, filed March 27, 2018, the content of which is

incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to wireless power transmission.

BACKGROUND OF THE INVENTION

[0003] Wireless power transfer systems use various technologies to transfer energy
from one location to another without the aid of wires, cables, or other physical
connections. Radio frequency (RF), microwave and mm wave signals have been used to
form beams to transfer power to a desired location while minimizing power delivery to
unwanted directions. This is important for several reasons, including but not limited to,
optimizing the energy transfer efficiency, avoiding potential interference with other
devices, and maintaining user or operator-definable levels of electromagnetic signal

strength at various locations.

[0004] Wireless power transmission through the use of RF beam forming and focusing
also helps with the proliferation of internet of things (IoT) devices and sensors by

delivering power while eliminating extra wiring during installation of such devices.

BRIEF SUMMARY OF THE INVENTION

[0005] A method of RF power delivery, in accordance with one embodiment of the
present invention, includes, in part, transmitting a first group of RF signals having a first
group of phases to a first mobile device during a first time period. The first mobile
device has a first position and a first orientation during the first time period. The method
further includes, in part, transmitting a second group of RF signals having a second

group of phases to the first mobile device during a second time period. The second group
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of phases are determined in accordance with a second position and a second orientation
of the first mobile device during the second time period. The second position and second
orientation are determined using at least first and second sensors disposed in the first
mobile device and transmitted via a wireless communications channel to an RF power

generating unit transmitting the first and second group of RF signals.

[0006] In one embodiment, at least one of the sensors is a magnetometer. In one
embodiment, at least one of the sensors includes a gyroscope. In one embodiment, the
RF power generating unit is adapted to track the first mobile device between the first and
second time periods using data the RF power generating unit receives from the first

mobile device.

[0007] In one embodiment, the second orientation is the same as the first orientation. In
one embodiment, the method furthers includes, in part, predicting the second position of
the first mobile device. In one embodiment, the second position is predicted using one of
Kalman filter or a trained artificial intelligence system. In one embodiment, the second
group of RF signals are transmitted by a second RF power generating unit different from
the first RF power generating unit from which the first group of RF signals are
transmitted. In one embodiment, the first position is the same as the second position, and

the second orientation is different from the first orientation.

[0008] In one embodiment, the method further includes, in part, detecting if the first
mobile device is being carried by a person using the first and second sensors, and
lowering the amount of power of the first or second RF signals if the first mobile device
is detected as being carried by the person. In one embodiment, the first mobile device is
adapted to provide information about its battery charge status to the RF power generating
unit. In one embodiment, the mobile device is adapted to provide information about its

instantaneous power consumption to the RF power generating unit.

[0009] In one embodiment, the method further includes, in part, transmitting a third
group of RF signals having a third plurality of phases to a second mobile device during
the second time period, and varying the power of the second group of RF signals or the
third group of RF signals in accordance with either battery charge status or instantaneous

power consumption of the first and second mobile devices.
[0010] In one embodiment, the method further includes, in part, increasing the power of

the second group of RF signals relative to the power of the third group of RF signals if

the instantaneous power consumption of the first mobile device is indicated as being
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greater than the instantaneous power consumption of the second mobile device. In one
embodiment, the method further includes, in part, increasing the power of the second
group of RF signals relative to the power of the third group of RF signals if the battery
charge status of the first mobile device is indicated as being smaller than the battery
charge status of the second mobile device. In one embodiment, the generation unit
includes, in part, a multitude of integrated circuits locked to a single reference

frequency. In one embodiment, the generation unit includes at least one sensor.

[0011] An RF power transmission system, in accordance with one embodiment of the
present invention is configured to transmit a first group of RF signals having a first
plurality of phases to a mobile device during a first time period. The mobile device has a
first position and a first orientation during the first time period. The RF power
transmission is further configured to transmit a second group of RF signals having a
second plurality of phases to the mobile device during a second time period. The second
group of phases are determined in accordance with a second position and a second
orientation of the mobile device during the second time period. The second position and
second orientation are determined using at least first and second sensors disposed in the
mobile device and transmitted via a wireless communications channel to an RF power

generating unit disposed in the RF power transmission system.

[0012] In one embodiment, at least one of the sensors is a magnetometer. In one
embodiment, at least one of the sensors includes a gyroscope. In one embodiment, the
RF power transmission system is adapted to track the mobile device between the first
and second time periods using data the RF power generating unit receives from the

mobile device.

[0013] In one embodiment, the second orientation is the same as the first orientation. In
one embodiment, the RF power transmission system is further configured to receive data
representative of a predicted position of the mobile device. In one embodiment, the
predicted position is determined using one of Kalman filter or a trained artificial
intelligence algorithm. In one embodiment, the second group of RF signals are
transmitted by a second RF power generating unit different from the first RF power
generating unit from which the first group of RF signals are transmitted

[0014] In one embodiment, the first position is the same as the second position, and the
second orientation is different from the first orientation. In one embodiment, the RF

power transmission is further configured to lower the amount of power of the first or



WO 2019/191336 PCT/US2019/024438

second RF signals if the mobile device is detected as being carried by the person. In one
embodiment, the first mobile device is adapted to provide information about its battery

charge status to the RF power generating unit. In one embodiment, the mobile device is
adapted to provide information about its instantaneous power consumption to the RF

power generating unit.

[0015] In one embodiment, the RF power transmission system is further configured to:
transmit a third group of RF signals having a third plurality of phases to a second mobile
device during the second time period, and vary the power of the second group of RF
signals or the third group of RF signals in accordance with either battery charge status or
instantaneous power consumption of the first and second mobile devices. In one
embodiment, the RF power transmission system is further configured to increase the
power of the second group of RF signals relative to the power of the third group of RF
signals if the instantaneous power consumption of the first mobile device is indicated as

being greater than the instantaneous power consumption of the second mobile device.

[0016] In one embodiment, the RF power transmission system is further configured to:
increase the power of the second group of RF signals relative to the power of the third
group of RF signals if the battery charge status of the first mobile device is indicated as
being smaller than the battery charge status of the second mobile device. In one
embodiment, the power generation unit includes, in part, a multitude of integrated
circuits locked to a single reference frequency. In one embodiment, the power generation

unit includes at least one sensor.

[0017] A wireless charging system, in accordance with one embodiment of the present
invention, includes, in part, at least one power generation unit transmitting a first group
of RF signals having a first plurality of phases thereby to transmit an RF power, at least
one recovery unit receiving and converting the transmitted RF power to a DC power
wherein the recovery unit delivering the DC power to a device remotely positioned with
respect to the power generating unit, one or more sensors detecting information about the
state of the device, a wireless communication link via which the information is
transmitted to the power generation unit, and a processor executing an algorithm to
update the plurality of group of the RF signals to increase the energy transfer efficiency

of the wireless charging system.

[0018] In one embodiment, the detected state includes the magnetic field. In one

embodiment, the detected state includes acceleration. In one embodiment, the detected
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state includes the rate of rotation. In one embodiment, the detected state includes one or
a more of the charge status of a battery, power consumption level, distance, or

orientation of the device.

[0019] In one embodiment, the wireless charging system further includes, in part, a
second recovery unit disposed in a second device, wherein the processor allocates power
between the first and second recovery units in accordance with the information received
from the sensors disposed in the first and second devices. In one embodiment, the
processor predicts a current location and orientation of the device using one of Kalman
filter or a trained artificial intelligence system. In one embodiment, the processor detects
if the device is being carried by a person using the received sensor information. The
wireless charging system lowers the amount of RF power it transmits if the device is

detected as being carried by the person.

[0020] In one embodiment, the device is a mobile device. In one embodiment, the
power generation unit includes, in part, a multitude of integrated circuits locked to a
single frequency reference. In one embodiment, the generation unit includes, in part, at
least one sensor. In one embodiment, the recovery unit is part of an accessory adapted to

be connected to the device or is a protective case covering the device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 is a simplified high-level block diagram of a wireless power delivery
system, in accordance with one embodiment of the present invention.

[0022] Figure 2 shows a trajectory of a device being charged wirelessly, in accordance
with one embodiment of the present invention.

[0023] Figures 3 shows a hand-off between a pair of RF power generating units of a
wireless power transmission system, in accordance with one embodiment of the present

invention.

[0024] Figure 4 shows a human carrying a wireless device being charged wirelessly, in

accordance with one embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0025] A power generating unit (GU) delivering power wirelessly, in accordance with
one aspect of the present invention, may include a multitude of synchronized Radio
Frequency (RF) sources and antennas. The phase and amplitude of each source may be
varied to enable the constructive interference in a specific location in space where the
device (also referred to herein as remote device) being wirelessly charged (recovery unit
or RU) is present. The transmitted signal can be generated using multiple integrated
circuit (IC) that can be implemented using silicon or other semiconductor substrates that

maintain synchronization by locking sources to a single frequency reference.

[0026] The recovery unit may include a number of receive antennas (rectennas) to
collect the RF energy. For such power transmission process to be performed efficiently,
the beam properties (for instance, its locations, orientation, choice of the sources, and the
like) need to be adapted and fine-tuned to the location and orientation of the RU
receiving the power. Such information may also be required for regulatory compliance,
for example, to limit the RF exposure. Adjusting the power generated by the (GU) to
ensure that the intensity of the radiated power remains within the required regulatory

limits is a passive method of regulatory compliance and exposure control.

[0027] In accordance with another aspect of the present invention, an RU is in
communication with the GU to transmit, among other things, information about the RU’s
location and orientation to the GU so as to, for example, control the amount of RF power
the GU delivers. An RU, which may be disposed in a remote device, such as a mobile
device (e.g. cell phone) or a stationary device (such as a thermostat), may include a
multitude of sensors such as, an inertial (e.g., accelerometers and gyroscope)
measurement sensor (unit), static magnetic field measurement sensor, a sensor(s) to
perform direct measurement of the transmitted power, a global position system (GPS), a
sensor(s) to perform passive measurement of other RF sources (e.g., WiFi, cellular
phone, radio and television transmission, etc.), as well as sensors providing other
information such as, for example, the RU’s battery charge status, RU’s instantaneous
power consumption rate, and the like. In other embodiments, such sensors may not be a
part of the recovery unit but are otherwise present in, for example, a mobile device. Such
sensors and units may also be used in techniques such as inverse synthetic aperture radar

(ISAR). The data collected by such sensors enhances the accuracy, reliability, and speed
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of location identification, leading to an improved overall system performance of a

wireless power delivery system.

[0028] It is understood, that a number of components of an RU, such as circuitry to
convert the received RF power to a DC power, may be present in a commercially
available accessory that can be brought into electrical communication with the mobile
device via, for example, a USB port of the mobile device. Such components of an RU
may also present, for example, in a protective case adapted to partially or fully enclose

the mobile device.

[0029] Figure 1 is a simplified high-level block diagram of a wireless power

transmission system 10, adapted to deliver power wirelessly from GU 200 to RU 100, in
accordance with one exemplary embodiment of the present invention. GU 200 is shown
as including a multitude of transmit antenna collectively identified as RF antenna 202, a

processing unit 208, and a wireless communication circuit such as Bluetooth 210.

[0030] RU 100 is shown as including, in part, one or more rectennas 102 to receive the
RF power, one or more inertial measurement unit (IMU) 106, a magnetometer 104, a
processor 108, a wireless communication circuit 110 which may operate in accordance
with the Bluetooth standard. RU 100 may also include WiFi, cellular phone and other
circuitry, such as a GPS, not shown in Figure 1. RU 100 is adapted to communicate with
GU 200 to transmit or receive data wirelessly through the wireless communication

channel established between circuits 110 and 210.

[0031] IMU 106 is adapted to provide information regarding, among other things,
acceleration, deceleration and rotation of RU 100. Magnetometer 104 is adapted to
measure the direction and strength of the Earth’s magnetic field at the RU’s location.
The information provided by IMU 106, magnetometer 104, and/or other sensing circuits,
such as a GPS, is used to determine the orientation and location of RU 100 and transmit
this information to GU 200. Although not shown in Figure 1, GU 200 may also include

similar sensors (104, 106) as are shown as being present in RU 100.

[0032] The data collected by the various sensing/measurement units of an RU, such as
those shown in Figure 1, enable the RU to detect and measure the RU’s displacement,
rotation and orientation. For example, in one embodiment, a Kalman filter, or any other
recursive statistical estimation algorithm, may be used by RU 100 to predict the next
position, orientation and speed (collectively referred to herein as state) of RU 100 given

the RU’s current state. Accordingly, by comparing the predicted state of the RU against
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the new measurement data (which contains noise) collected by the RU, a more accurate
estimate of the new state of RU 100 is obtained. In other words, the measurements made
by, for example, IMU 106 and magnetometer 104 are compared and optionally
augmented by the Kalman filter predictions to improve the accuracy of position, speed
and orientation of RU 100. In one embodiment, Kalman filter calculations may be made

by processor 108, which may be a central processing unit (CPU).

[0033] Figure 2 shows three positions of RU 100 as it moves along a path, namely its
previous position P; at time T, its current position P> at time T, and its future and
predicted position P3 at time T3 determined as describe above. RU 100 remains in
communications with GU 200 to, among other things, transmit information about RU’s
current and predicted state. GU 200 is adapted to vary the phases of its transmit antennas
so as to focus the RF beam GU 200 delivers to RU 100 as RU 100 changes its position
and/or orientation. In other words, as RU 100 moves and changes position, GU 200 uses
the information it receives from RU 100 regarding the predicted position of RU 100
(obtained as described above) to maintain its RF beam focused on RU 100. By adjusting
the phases of its transmit antennas in response to the predicted state information of RU

100, GU 200 tracks RU 100.

[0034] In accordance with another exemplary embodiment of the present invention,
speed and orientation of the RU is determined using single-value decomposition (SVD)
algorithm which allows dimensionality reduction of state matrices to simplify position,
speed or orientation calculations. The SVD algorithm may also be used to find the least
square solutions to the system of equations that the algorithm seeks to solve. In yet
another embodiment of the present invention, an artificial intelligence (Al) or machine
learning system may be used to predict a future position and orientation of the RU based

on the RU’s trajectory.

[0035] As described above, information regarding the current and predicted position
and orientation of RU 100 is used by GU 200 to adjust the phases of the signals it
transmits from its transmit antennas so as to achieve real-time tracking of RU 100,. This
enables GU 200 to focus the RF energy it transmits on RU 100. In one embodiment,
during the movement of an RU, the GU, while remaining locked to the RU, lowers the
RF power it transmits so as to limit the RF exposure and comply with applicable

regulatory standards.
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[0036] In accordance with another embodiment of the present invention, data
representative of the orientation and placement of the RU may be used in a hand-off
procedure. Figure 3 shows GUs 200 and 202 (collectively forming an RF power
transmission system 250) adapted to wirelessly power RU 200. Assume during time T
when RU 100 has orientation O1, the rectennas of RU 100 are oriented toward GU 100.
Accordingly, during time T; the RU is charged by GU 100. Assume that the orientation
of RU 100 changes to Oz during time T2. Assume further that when RU 100 has
orientation O, RU 200’s rectennas face GU 202. In accordance with embodiments of the
present invention, to improve efficiency in RF power transmission, in a handoff process,
GU 200 stops transmitting RF power and GU 202 starts transmitting RF power to RU
100 during time Tz. In other words, in accordance with one aspect of the present
invention, the information provided by an RU is used to find the GU of an RF power
transmission system that faces the rectennas of the RU and thus is best positioned to
transfer power with highest degree of efficiency. Therefore, when the sensors in the RU
detect a change in orientation, the RU informs the RF power transmission system to be
prepared for handoff. Each of GUs 200 and 205 is shown as including, a multitude of
antennas 205.
[0037] In some embodiments of the present invention, the calculated change in location
of the focusing point of the array and the estimated rate of movement of the RU can be
used to evaluate the instantaneous new location using the following expression:
t t
R(t) = R(ty) + f R(t)dt = R(ty) + R(ty)(t — ty) + H R®)dtdt’
to o
where R(7) is the instantaneous locations vector in 3 dimensions at time 7 and R(t,) is
estimated initial velocity vector at the beginning of the location estimation. The
measured acceleration of the unit in three-dimensions, (for instance obtained from the
three-axes accelerometers at any point in time) is shown as R(t). An estimate of this
location can be achieved by an iterative process, where the location estimate is

constantly at At intervals using successive calculations, such as:
RTL+1 = RTL + 01’1' RnAt
Ry, =R, + (Rn+1 + Rn)At/Z

where 0, is the rotation matrix capturing the change in the orientation of the RU due to

rotations, which can be estimated from the information gathered from the gyroscopes
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and/or magnetometers. It is used to recalculate the orientation of the frame-of-reference
of the RU on an on-going basis. The rotation associated with the new frame-of-reference

can be for instance calculated using a progression of rotation, e.g.,
t . t
0(t) = [f 0()dt]. 0(t,) = f Q). 0(ty)dt
to to

0,1 =9,0,At
where Q,dt is the 3x3 matrix capturing the aggregate incremental rotation along all
three axes of rotation. This new orientation is also constantly applied to update the frame
of reference used for location measurement. The estimated calculation is then used to
define the new set of phase settings on the GU to provide constant tracking and rapid

reoptimization for the new location.

[0038] In accordance with another embodiment of the present invention, the read-out
from an IMU or proximity sensor disposed in an RU, together with data from a machine
learning system trained to recognize human motion, may be used to determine and
identify whether the RU’s movement are attributed to those of a person. For example, the
IMU readout together with such a learning system may be used to determine whether the
RU (which may be disposed in a cell phone or any other remote device) is being carried
by a person. In such an instance, the GU may adjust its transmission for safety reasons to

bring the RF exposure to the required levels.

[0039] Figure 4 shows a human 300 carrying a portable device 350 that includes an RU.
The readout from the IMU disposed in the RU may be processed to extract and detect the
presence of movement characteristics associated with a human or other animate objects.
Based on the signals detected by the RU, the proximity to animate objects may be
detected. These characteristic movements may also be used by a classifier
system/algorithm to identify the age, gender, state of activity, and the like, of the person
or the location of the device with respect to the body. Based on such extracted
information (and also by including the information about the distance of the RU from
GU), the GU may decide to adjust its output power so as to satisfy any applicable
exposure limits.

[0040] In another embodiment of the system, the data transmitted from the RU to the
GU may include information, such as the energy storage and the usage of the remote
system powered through the RU (for example, the battery charge level or the current

energy consumption rates). Such information can be used to adjust the power



WO 2019/191336 PCT/US2019/024438

transmission to various RUs being simultaneously charged to provide optimum power
allocation. For example, if 4 different RUs are being simultaneously charge by the same
GU, where one of the devices is at a critical power level and is operating at high
performance with higher instantaneous power demand, while the other units have
sufficient reserve power, the system may automatically allocate more power to the RU
with the highest demand, and dynamically adjust the power allocation as the power

consumption, number of units, and the charge status of various devices changes.

[0041] The above embodiments of the present invention are illustrative and not
limitative. Embodiments of the present invention are not limited by the type of device
that may be wirelessly charged. Other additions, subtractions or modifications are
obvious in view of the present disclosure and are intended to fall within the scope of the

appended claims.
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WHAT IS CLAIMED IS:

1. A method of RF power delivery, the method comprising:

transmitting a first plurality of RF signals having a first plurality of phases to a
first mobile device during a first time period, said first mobile device having a first position
and a first orientation during the first time period; and

transmitting a second plurality of RF signals having a second plurality of
phases to the first mobile device during a second time period, wherein the second plurality of
phases are determined in accordance with a second position and a second orientation of the
first mobile device during the second time period, wherein said second position and second
orientation are determined using at least first and second sensors disposed in the first mobile
device and transmitted via a wireless communications channel to an RF power generating

unit transmitting the first and second plurality of RF signals.

2. The method of claim 1 wherein at least one of the sensors is a
magnetometer.

3. The method of claim 2 wherein at least one of the sensors includes a
gyroscope.

4. The method of claim 1 wherein the RF power generating unit is

adapted to track the first mobile device between the first and second time periods using data

the RF power generating unit receives from the first mobile device.

5. The method of claim 1 wherein said second orientation is a same as the

first orientation.

6. The method of claim 1 further comprising predicting the second

position of the first mobile device.

7. The method of claim 6 wherein said second position is predicted using

one of Kalman filter or a trained artificial intelligence system.
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8. The method of claim 1 wherein the second plurality of RF signals are
transmitted by a second RF power generating unit different from a first RF power generating

unit from which the first plurality of RF signals are transmitted.

9. The method of claim 1 wherein said first position is a same as said

second position, and said second orientation is different from said first orientation.

10. The method of claim 1 further comprising:

detecting if the first mobile device is being carried by a person using the at
least first and second sensors; and

lowering an amount of power of the first or second RF signals if the first

mobile device is detected as being carried by the person

11. The method of claim 1 wherein said first mobile device is adapted to

provide information about its battery charge status to the RF power generating unit.

12. The method of claim 1 wherein said mobile device is adapted to
provide information about its instantaneous power consumption to the RF power generating

unit.

13. The method of claim 1 further comprising:

transmitting a third plurality of RF signals having a third plurality of phases to
a second mobile device during the second time period; and

varying a power of the second plurality of RF signals or the third plurality of
RF signals in accordance with either battery charge status or instantaneous power

consumption of the first and second mobile devices.

14. The method of claim 13 further comprising:

increasing the power of the second plurality of RF signals relative to the
power of the third plurality of RF signals if the instantaneous power consumption of the first
mobile device is indicated as being greater than the instantaneous power consumption of the

second mobile device.

15. The method of claim 13 further comprising:
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increasing the power of the second plurality of RF signals relative to the
power of the third plurality of RF signals if the battery charge status of the first mobile device

is indicated as being smaller than the battery charge status of the second mobile device.

16. The method of claim 1 wherein the generation unit comprises a

plurality of integrated circuits locked to a single reference frequency.

17. The method of claim 1 wherein the generation unit comprises at least

one sensor.

18. An RF power transmission system configured to:

transmit a first plurality of RF signals having a first plurality of phases to a
mobile device during a first time period, said mobile device having a first position and a first
orientation during the first time period; and

transmit a second plurality of RF signals having a second plurality of phases
to the mobile device during a second time period, wherein the second plurality of phases are
determined in accordance with a second position and a second orientation of the mobile
device during the second time period, wherein said second position and second orientation
are determined using at least first and second sensors disposed in the mobile device and
transmitted via a wireless communications channel to an RF power generating unit disposed

in the RF power transmission system.

19. The RF power transmission system of claim 18 wherein at least one of

the sensors is a magnetometer.

20. The RF power transmission system of claim 18 wherein at least one of

the sensors includes a gyroscope.

21. The RF power transmission system of claim 18 wherein the RF power
transmission system is adapted to track the mobile device between the first and second time

periods using data the RF power generating unit receives from the mobile device

22. The RF power transmission system of claim 18 wherein said second

orientation is a same as the first orientation
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23. The RF power transmission system of claim 18 wherein said RF power
transmission system is further configured to receive data representative of a predicted

position of the mobile device

24. The RF power transmission system of claim 23 wherein the predicted

position is determined using one of Kalman filter or a trained artificial intelligence algorithm

25. The RF power transmission system 18 wherein the second plurality of
RF signals are transmitted by a second RF power generating unit different from a first RF

power generating unit from which the first plurality of RF signals are transmitted

26. The RF power transmission system 18 wherein said first position is a

same as said second position, and second orientation is different from said first orientation.

27. The RF power transmission system of claim 18 wherein said RF power
transmission is further configured to lower an amount of power of the first or second RF

signals if the mobile device is detected as being carried by the person.

28. The RF power transmission system of claim 18 wherein said first
mobile device is adapted to provide information about its battery charge status to the RF

power generating

29. The RF power transmission system of claim 18 wherein said mobile
device is adapted to provide information about its instantaneous power consumption to the

RF power generating unit.

30. The RF power transmission system of claim 18 wherein the RF power
transmission system is further configured to:

transmit a third plurality of RF signals having a third plurality of phases to a
second mobile device during the second time period; and

vary a power of the second plurality of RF signals or the third plurality of RF
signals in accordance with either battery charge status or instantaneous power consumption of

the first and second mobile devices

31. The RF power transmission system of claim 30 wherein the RF power

transmission system is further configured to:
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increase the power of the second plurality of RF signals relative to the power
of the third plurality of RF signals if the instantaneous power consumption of the first mobile
device is indicated as being greater than the instantaneous power consumption of the second

mobile device.

32. The RF power transmission system of claim 30 wherein the RF power
transmission system is further configured to:

increase the power of the second plurality of RF signals relative to the power
of the third plurality of RF signals if the battery charge status of the first mobile device is

indicated as being smaller than the battery charge status of the second mobile device.

33. The RF power transmission system of claim 18 wherein the generation

unit comprises a plurality of integrated circuits locked to a single reference frequency.

34. The RF power transmission system of claim 18 wherein the generation

unit comprises at least one sensor.

35. A wireless charging system comprising:

at least one power generation unit transmitting a first plurality of RF signals
having a first plurality of phases, thereby to transmit an RF power;

at least one recovery unit receiving and converting the transmitted RF power
to a DC power, said recovery unit delivering the DC power to a device remotely positioned
with respect to the power generating unit;

one or more sensors detecting information about the state of the device;

a wireless communication link via which the information is transmitted to the
power generation unit

a processor executing an algorithm to update the plurality of phases of the RF

signals to increase energy transfer efficiency of the wireless charging system.

36. The wireless charging system of claim 35 wherein the detected state

includes the magnetic field.

37. The wireless charging system of claim 35 wherein the detected state

includes acceleration.
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38. The wireless charging system of claim 35 wherein the detected state

includes the rate of rotation.

39. The wireless charging system of claim 35 wherein the detected state
includes one or a more of the charge status of a battery, power consumption level, distance,

or orientation of the device.

40. The wireless charging system of claim 35 wherein the wireless
charging system comprises a second recovery unit disposed in a second device, wherein the
processor allocates power between the first and second recovery units in accordance with the

information received from the sensors disposed in the first and second devices.

41. The wireless charging system of claim 35 wherein the processor
predicts a future location and orientation of the device using one of Kalman filter or a trained

artificial intelligence system.

42. The wireless charging system of claim 35 wherein the processor
detects if the device is being carried by a person using the received sensor information,
wherein the wireless charging system lowers an amount of RF power if the device is detected

as being carried by the person.

43. The wireless charging system of claim 35 wherein the device is a

mobile device.

44, The wireless charging system of claim 35 wherein the generation unit

comprises a plurality of integrated circuits locked to a single frequency reference.

45. The wireless charging system of claim 35 wherein the generation unit

comprises at least one sensor.

46. The wireless charging system of claim 35 wherein the at least one
recovery unit is part of an accessory adapted to be connected to the device or a protective

case covering the device.
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transfer efficiency in a wireless charging system.

The inventions listed as Groups I-fl do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group | include at least transmitting a first plurality of RF signals having a first plurality of phases to a
first mobile device during a first time period, said first mobile device having a first position and a first orientation during the first time
period; and transmitting a second plurality of RF signals having a second plurality of phases to the first mobile device during a second
time period, wherein the second plurality of phases are determined in accordance with a second position and a second orientation of the
first mobile device during the second time period, wherein said second position and second orientation are determined using at least first
and second sensors disposed in the first mobile device and transmitted via a wireless communications channel to an RF power
generating unit transmitting the first and second plurality of RF signals, which are not present in Group II.
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