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(57) Abstract: A computing device can include a wireless power module and a haptic module to move the computing device in a
direction. A controller in the computing device can detect a misalignment of the wireless power module with a wireless power trans -
mitter. The controller can control the haptic module to move the computing device to be aligned with the wireless power transmitter.

Masimo Ex. 1017
IPR Petition - USP 10,627,783



WO 2015/116111 A1 WK 00PN VAT T

— as to applicant’s entitlement to apply for and be granted Published:
a patent (Rule 4.17(ii)) —  with international search report (Art. 21(3))

-2- Masimo Ex. 1017
IPR Petition - USP 10,627,783



WO 2015/116111 PCT/US2014/013906

-t

WIRELESS POWER ALIGNMENT

Background

{0001} Haptic technology Is tactile feedback which takes advantage of the sense of
touch by applying forces, vibrations, or motions to the user. This mechanical
stimulation can be used to assist in the creation of virtual objects in a computer
simulation, to control such virtual objects, and to enhance the remote control of
rachines and devices. Haptic feedback may use slectromagnetic technologies such

as vibratory motors,

Rrief Desgcription Of The Drawings

{00023 Some embodiments of the invention are described with respect o the

following figures:
Fig. 1 is a computing device according 1o an example implementation;
Fig. 2 is a computing device according to an example implementation;
Fig. 3 is a computing device according to an example implementation;

Fig. 4 is a computing device and wireless power transmitter according to an

example implementation;

Fig. 5 is a computing device and wirsless power transmitter according o an

example implementation;

Fig. 6 is a computing device and wirgless power transmitter according to an

example implementation;

Fig 7 is a flow chart of a method of aligning a wirgless power module

according 1o an example implementation;

Fig 8 is a flow chart of a msthod of aligning a wireless power module

according to an exampie implementation; and

Fig 8 is a computing device according o an example implementation.
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Detailed Description

[0003] Wireless power transfer such as by induction can transfer power from a
wireless power transmitter to a wireless power module. The wirsless power module
may be on a computing device 1o power the device or iransfer power 10 a siorage on

the computing device such as a battery.

[0004] The efficiency of iransfer of power by induction may be effected by the
alignment of the inductive coils. Haptics is a tactile feedback technology which takss
advaniage of the sense of touch by applying forces, vibrations, or motions to the
user. A computing device may include a haplic module, the haptic module may
cause the computing device to vibrate. Vibration of the computing device can causs
the computing device to move relative to a wirsless power transmilter causing the
computing device o align with wireless power lransmitter o increase the efficiency

of the power transfer.

[0005] In one implementation, a compuling device can include a wireless power
module and a haptic module to move the computing device in a direction. A
coniroller in the computing device can detect a misalignment of the wireless power
module with a wirsless power fransmitter. The controller can control the haplic
module {0 move the computing device to be aligned with the wireless power

transmitier.

[00086] In ancther implementation, a method can include sensing, by a computing
device, a wireless power module misaligned with a wireless transmitier. Then a
coniroller can determine if aclivating a haptic module would align the wireless power
module with the wireless power fransmitier. T they would align the haptic module
can be activated until the wirgless power module is aligned with the wireless power

transmitter.

{60071 In still ancther implementation, a computer readable madium can include
code that if executed by a controller in a computing device can cause the controlier
to determine if 2 wireless power module and a wirgless power transmitier are
misaligned. The code can then cause the controller to determine if activating a

haptic module would align the wireless power module with the wireless power
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fransmitier. The controller can then activate the haptic module if it is determined that
activating the haptic module would align the wireless power module with the wireless
powsr transmitter until the wirsless power module is aligned with the wireless power

transmitter.

[0008] With reference to the figures, Fig. 1is a computing device according to an
example implementation. A computing device 100 can include an enclosure 105 and
a wireless power module 130, The enclosure 105 may be made of a plastic, carbon
fiber, metal or another material. If conductive material is used for the enclosure 105,
a non-conductive material may be part of the enclosure 105 o allow wireless power
t¢ be received through the non-conductive part of the enclosure 105, The material of
the enclosure may have a low co-efficient of friction created between the enclosure

and ancther material such as below 0.6.

[0008] A haptlic module 110 can move the computing device in a direction by
vibrating the computing device 100. The haptic module may be for example an
eccentric rotating mass (ERM), a linear resonance actuator (LRA), a plezo actuator
or another type of haptic module. The vibrations caused by the haptic module 110
may be linear, periodic, random or transient, the result of the vibrations can be to
move the computing device in a direction. A controlier 120 can determine how {o
activate the haplic module 110 to move the computing device 100 in a direction and
a distance. For example the direction may be any direction from 0 and 380 degrees.
The amount of movement of the computing device 100 provided by aclivaling the
haptic module 110 may depend on many factors such as the weight of the computing
device 100, the force generated by the haplic module 110 and the cosfficient of
friction between the computing device 100 and the wireless power transmiiter which
may be in g docking siation for example. The controller 120 can also affect the
motion and dirgction by the type and frequency of the input waveform to the haptic

moduie 110.

{0010] The controller 120 can detect a misalignment of the wirgless power module
130 with a wireless power transmiller. The wireless power transmitter can send

power o a wirgless power module. The wireless power module ¢an receive power
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from the wireless power transmitier. The wireless power iransmilier may be the
primary coll of an eleclrical ransformer and the wireless power module may be the
sacondary coit of an slectrical fransformer. The distance that power can be
transferred between a primary and secondary coll of an elecirical transformer may
be short. To extend the distance that power can be fransferred between the wirsigss
power transmilter and the wireless power module resonant inductive coupling can be
used where the primary and secondary coils are tuned o resonale at the same

frequency.

[0011] The detection may be by receiving data from a sensor 135. The sensor 135
may for exampie detect a magnetic field in the wireless power transmitier and the
sensor 135 may detect the magnet's position relative 10 the sensor. The controller
120 can use the data from the sensor 135 {0 determine a direction and a distance ©
move the computing device 100 and therefore the wireless power moduleg 130
relative 1o the wireless power fransmitier. The controller 126 may have a threshold
fimit on the distance that the computing device 100 can be moved o align the
wireless power module 130 with the wireless power transmitier for example a
threshold may be 0.5 centimeters although other thresholds can be used. Hffor
example the coniroller 120 determings that the wireless power module 13018 0.7
centimetars out of alignment and the threshold is 0.5 centimeters the conlroller may
not activated the haptic module 110, however if the controller determined the
wirgless power module130 was 0.3 centimeters out of alignment with the wirsless
power transmitter then the controller may activate the haptic moduie to start vibrating
the computing device 100 causing the wirgless power module 130 to become more

aligned with the wireless power transmitter.

[0012] A battery 125 can store the energy received from the wireless power module
130. The battery 128 may be a lithium ion, nickel metal hydride or ancther battery
technology. The battery 125 may be charged by receiving current from the wireless
powsr module 130, Other components in the computing device 100 can be powerad
by the wireless power module 130 by receiving current from the wireless power

module 130 or from the battery 125.
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[0013] Aligning the wireless power module 130 with a wirgless power transmifter can
improve the efficiency of the power transfer between the wireless power transmiiter
and the wireless power module 130, For example if the wireless power module 130
is 0.5 centimeters out of alignment the efficiency may drop over 50% from an aligned
wireless power module 130 and a wirgless power transmitter. An aligned wireless
power module 130 with a wireless power transmitler may be when the wireless
power module 130 is within a threshold distance such as 0.1 centimelers from the
wirgless power transmitter. Although the thresholds have been described as
distances the thresholds may be other values such as the electrical current received
from the wireless power module 130 or the charging efficiency. For example if the
electrical current is below a threshold the computing device 100 may bg moved fo
increase the current received or if the sfficiency is below a threshold amount the
computing device 100 may be moved. The maximum efficlency may be about 72%
for a wireless power module and wireless power transmitter however misalignment

can reduce the charging efficiency.

[0014] Fig. 2 is a compuiing device according to an example implementation. The
haptic module may include a first haptic module 110 and a second haptic module
115. The first haptic module 110 and the second haptic module may be oriented in
different directions relative 1o each other {0 produce movement of the computing
device 100 in different directions. For example the second haptic module 115 may
be substantially perpendicular to the first haptic module 110. The first haptic module
110 and second haptic module 115 may be controlled to move the computing device
100 in more than one direction. The haptic modules 116 and 115 may have motors
or other componenis that can be operated in for example a forward and reverse
direction. Operating the haplic module in forward may cause the computing device
to move in a one direction while operating the haplic module in reverse may cause

the computing device to move in another direction,

[0015] The haptic modules 110 and 115 can also provide feedback for evenis. For
example the controller 120 may cause the haptic moduie 110 to vibrate when a
phone call, a text message or ancther event ocours. The controller 120 may operate

the haptic modules 110 and 115 in a way that causes the device notto move in a
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direction to prevent any event from causing the loss of efficiency of the wireless
power module 130. The coniroller 120 in one example may not operate the haplic
modules for indicating an event if wireless charging is ocourring to prevent the haplic
modules from moving the computing device 100 out of alignment with the wireless

power transmitter.

[00186] Fig. 3 is a computing device according to an example implementation. In one
example computing device 100 includes muitiple haptic modules. The first haptic
rmodule 110, the second haptic module 115, the third haptic module 140 and the
fourth haptic module 145 are shows as being toward the corners of the computing
device 100 but may be in other configurations. The coniroller 120 can cause the
haptic modules 110, 115, 140, and 145 1o operate in coordination to move the
compuiing device 100. For example when operated each haptic module may pull
the device in the direction leading with that corner. If haptic modules on the same
side such as haptic modules 115 and 145 are activated the computing device may
move to the side. The haptic modules 110, 115, 140, and 145 may also cause the

computing device to rotate for example.

[0017] Fig. 4-5 are a compuling device and wirgless power transmilter according o
an example implementation.  In some examples the enclosureg 105 and a docking
station 405 may have a shape that promotes the alignment caused by the haptic
modules to align the wireless power transmitler 455 with the wireless power module
130. One example of such a shape is the computing device enclosure 105 has a
convex shape and the docking station 405 includes concave shape. In one example
the computing device enclosure 105 and the docking station can be shaped so that
the computing device enclosure 105 can setile into an aligned position by activating
the haptic module when the computing device detects that it is out of alignment with
the docking station. Although figure 4-5 show a concave and convex shape of the
docking station 405 and the computing device 105 other shapes may be used such
as alignment protrusions on the computing device enclosure 105 that align with
alignment indentations on the docking station 405 when the haptic module is
activated. Using alignment features of the enclosure and the docking station may

allow the haptic module o be operated when there is misalignment without having to
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use the controller to control the direction or distance of movement of the computing
device enclosure 105 relative o the docking station 450. For example if the
computing device enclosure 105 is in contact with the docking station 405 as shown
in Fig. 5 and the wirgless power module within the computing device enclosure 105
is not aligned for maximum efficiency the conirolier can activate the haptic module
and the weight of the compuling device will cause the computing device o move
along the surface of the docking station until the compuling device enclosure 105 is

aligned with the docking station 405.

[0018] The docking siation 405 may provide the wirgless power transmilter 455. The
docking station 405 may receive power for the wireless power transmitter 455 from
an alternating current (AC) fo direct current (DC) adapter such as a 5 walt adapter.
The DC current may be converted back (0 AC current that is applied 1o the wireless
power transmitter 455, The wireless power module can generate AC current that is
converted to DT current in the computing device for use to charge the battery or
power the componenis of the computing device. The docking station 4056 may also
have other components for data communication with the compuiing device 100 such

as Bluetooth or wifi wireless data fransceivers.

[0019] Fig. 6 is a computing device and wireless power fransmitter according o an
exampls implementation. The computing device enclosure 105 is on the docking
station 405 and the computing device enclosure 105 is shown moving in the x
direction to the middle of the docking station. The haptic modules may also cause

the computing device to move in the Y direction.

[0020} Fig 7 is a flow chart of a method of aligning a wireless power module
according o an example implementation. The method 700 includes sensing, by a
computing device 100, a wireless power module misaligned with a wireless power
transmilter al 705. it can be determined from using a controller if activating a haplic
module would align the wireless power module with the wireless power transmitler at
710. if it is determined that activating the haptic module would align the wirsless
power module with the wireless power transmitler then the haptic module can be

activated until the wirgless power module is aligned with the wireless power
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transmitler at 720. If it is determined that activaling the haptic module would not
align the wireless power module with the wireless power transmitter then the haptic
module is not activating at 715, If the haptlic module is not aclivated to align the
wireless power module with the wireless power transmitier then the computing
device may notify the user that the haptic module cannot align the wiregless power
module with the wireless power fransmitier. The notification may also prompt the
user with instructions in how o move the device so thal it is within a threshold that
the haptic module can be used 1o align wireless power module with the wireless
powsr transmitier, for example the notification may ask to reposition the device on a
docking station, or may have an arrow showing which way o move the computing

davice,

{0021} In an implementation it may be delermined that the wireless power module
misalignment is grealer than a threshold limit. Other examples may include that the
coniroller determings that there is not encugh power to move the computing devics
at current levels. I for example the current power level is not encugh o align the
wireless power module with the wireless power transmitier then the controller may
delay activating the haptic modules uniil power in a storage such as a batlery has

reached sufficient levels to allow then haptic moduies 1o be activated.

[0022] Fig 8 is a flow chart of a method of aligning a wireless power module
according to an example implementation. The method 800 inciudes sensing, by a
computing device 100, a wirsless power module misaligned with a wireless power
fransmitter at 805. 1l can be determined from using a controller if activating a haptic
modute would align the wireless power module with the wireless power transmitler at
810. If it is determined that activating the haptic module would align the wirgless
power module with the wireless power fransmitier then aclivating the haplic module
uniil the wireless power module is aligned with the wireless power transmitter at 820.
The determination at 820 may include comparing the misalignment o a first

threshold.
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[0023] if it is determined that activating the haptic module would not align the
wireless power module with the wireless power fransmitier then no aclivaling the

haptic module at 815.

{0024] A notification generaled at 807 may aiso cause the haplic module o be
activated at 820. The notification may be for example a phone call being received, a

text message or another notification.

[0025] Fig 9 is a computing device according to an example implementation. The
computing device 800 can include an enclosure 905 and a computer readable
medium 950, The computier readable medium 950 can include code 855 that if
execuied by a controlier 935 in a computing device 800 causes the controlier 835 to
determineg if a wireless power module 925 and a wireless power iransmitter are
misaligned. ltis delermined if activating a haptic module 820 would align the wirgless
power module with the wireless power transmitler. The controller can then activate
the haptic module if it is determined that aclivating the haptic module would align the
wireless powsr module with the wireless power transmitter until the wirsless power
modute is aligned with the wireless power transmitler. To delermine if aclivating the
haptic module would align the wirgless power module 925 and a wireless power
fransmitier the misalignment can be compared o a range between a first threshold

and a second threshold.

[0026] The technigues described above may be embodied in a computer-readable
medium for configuring a computing system o execute the method. The computer
readable media may include, for example and without imitation, any number of the
following non-transitive mediums: magnetic storage media including disk and tape
storage media; optical siorage media such as compact disk media (e.g., CD-ROM,
CD-R, elc.) and digital video disk storage media; holographic memaory; nonvolatile
mermory storage media including semiconducior-based memory units such as
FLASH memory, EEPROM, EPROM, ROM; ferromagnetic digital memories; volatile
siorage media including registers, buffers or caches, main memory, RAM, sic.; and
the Internet, just to name a few. Other new and various fypes of computer-readable

media may be used 1o store the software modules discussed hergin. Computing
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systems may be found in many forms including but not limited to mainframes,
minicompuiers, servers, workstations, personal computers, notepads, personal
digital assistants, various wireless devices and embedded sysiems, just o name a

few.

[0027] The use of "comprising”, "including” or "having” are synonymous and
varigtions thereof herein are meant {0 be inclusive or open-ended and do not
exclude additional unrecited slements or method steps. It should also be noted that a
plurality of hardware and software based devices, as well as a plurality of different
siructural componenis may be used to implement the disclosed methods and

systems.

[0028] in the foregoing description, numerous details are sel forth to provide an
understanding of the present invention. However, it will be understood by thoss
skilied in the art that the present invention may be practiced without these details.
While the invention has been disclosed with respect (o a limited number of
embodiments, those skilled in the art will appreciate numerous modifications and
variations thersfrom. His inlended that the appended claims cover such

modifications and variations as fall within the true spirit and scope of the invention.
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What is claimed is;

1. A computing device comprising:

a wireless power module;

a haptic module to move the computing device in a direction; and

a controller to detect a misalignment of the wireless power module with a
wirgless power transmitter and control the haptic module to move the computing

device to be aligned with the wireless powsr transmitier.

2. The device of ¢laim 1, whersin the coniroller determinegs if the misalignment is
past a threshold and if past the threshold does not control the haptic moduis o move

the computing device.

3. The device of claim 2, wherein the threshold is a distance.
4. The device of ¢laim 2, wherein the threshold is a charging efficiency.
5. The device of claim 1, further comprising alionment protrusions on the

computing device.

8. The device of claim 5, further comprising alignment indentations on the

wirgless power fransmitier.

7. The device of ¢claim 1, whersin the haptic module includes a first haptic
module and a second haplic module substantially perpendicular 1o the first haptic

module.

8. The device of claim 1, wherein the computing device has a convex shape and

the wireless power transmitter includes concave shape.

8. The device of claim 1, further comprising a sensor to detect misalignment with

an ohject in a wirgless power fransmitier.
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10.  The device of claim 1, wherein the haptic module provides feedback for

events,

1. A method comprising:

sensing, by a computing devics, a wirgless power module misaligned with a
wireless power transmitter;

determining, from the sensing using a controlier, if activaling a haplic module
would align the wireless power module with the wireless power transmitier; and

activating the haptic module if it is determined that activaling the hapiic
module would align the wireless power module with the wireless power fransmitter

until the wireless power module is aligned with the wireless power fransmitier,

12.  The method of claim 11, wherein determining further comprises comparing

the misalignment to a first threshold.

13, The method of claim 12, further comprising activating the haptic module in

response to a nolification event.

14. A compuier readable medium comprising code that if executed by a controlier
in a computing device causes the controlier {o:

determine I a wireless power module and a wireless power fransmilter are
misaligned;

determine If activating a haptic moduls would align the wireless power module
with the wirsless power transmitter; and

activats the haptic module if it is determined that activating the haplic module
would align the wireless power module with the wireless power transmitter until the

wireless power module is aligned with the wireless power transmitter.

15.  The computer readable medium of claim 14 further comprising code that if
execuied causes a computing device io:
compare a misalignment to a range between a first threshold and a second

threshold.
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