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eration based on ambient temperature. A user input of a desired performance
mode of a portable electronic device can be received. An ambient temperat-
ure in an environment surrounding the portable electronic device can be de-
termined. A device temperature mitigation threshold value can be set based
on the ambient temperature and based on the desired performance mode.
Portable electronic device operation can be adjusted based on the portable
electronic device temperature exceeding the device temperature mitigation
threshold value.



WO 2015/026549 A1 |IIWAT 00T 0RO AR

TR), OAPL (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, _ before the expiration of the time limit for amending the

KM, ML, MR, NE, SN, TD, TG). claims and to be republished in the event of receipt of
Published: amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))



WO 2015/026549 PCT/US2014/050501

METHOD AND APPARATUS FOR ADJUSTING PORTABLE ELECTRONIC DEVICE
OPERATION BASED ON AMBIENT TEMPERATURE

BACKGROUND

1. Field
[0001] The present disclosure is directed to a method and apparatus for adjusting portable
electronic device operation based on ambient temperature. More particularly, the present
disclosure is directed to adjusting portable electronic device operation based on an ambient
temperature in an environment surrounding the portable electronic device.

2. Introduction
[0002] Presently, portable electronic devices employ thermal mitigation to prevent the
surfaces of the devices from becoming uncomfortably hot. The thermal mitigation is initiated
at a fixed temperature mitigation limit. Thus, the thermal mitigation is always initiated at the
same device temperature limit regardless of ambient temperature in an area surrounding the
device.
[0003] Unfortunately, the fixed temperature mitigation limit reduces device performance too
soon for a high performance user, especially in a high ambient temperature environment. For
example, a high performance user uses processing intensive applications and multiple
applications that drive the device harder for longer time periods. The fixed temperature
mitigation limit reduces device performance, such as operation speed, even though the
performance users may be willing to tolerate a hotter device in order to have higher
performance. Furthermore, the fixed mitigation temperature limit results in users perceiving
an unpleasantly hot device surface at elevated ambient temperatures, even if the same device
surface temperature is not perceived as unpleasant or hot at normal ambient temperatures.
For example, many users desire device surface temperatures maintained below an
unpleasantness level. However, users perceive a typically acceptable device surface
temperature as being unpleasantly hot at elevated ambient temperatures, such as during the
summer or in countries or regions with warm climates, because the fixed temperature
mitigation limit is set for a typically comfortable ambient temperature. Additionally, the

fixed temperature mitigation limit causes a device to reduce its speed and enter thermal
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shutdown quicker at elevated ambient temperatures, which negatively impacts the user's
experience.
[0004] Thus, there is a need for a method and apparatus for adjusting portable electronic

device operation based on ambient temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] In order to describe the manner in which advantages and features of the disclosure can
be obtained, a description of the disclosure is rendered by reference to specific embodiments
thereof which are illustrated in the appended drawings. These drawings depict only example
embodiments of the disclosure and are not therefore to be considered to be limiting of its
scope.

[0006] FIG. 1 is an example block diagram of a system according to a possible embodiment;
[0007] FIG. 2 is an example block diagram of a portable electronic device according to a
possible embodiment;

[0008] FIG. 3 is an example illustration of performance mode user input options according to
a possible embodiment;

[0009] FIG. 4 is an example block diagram of a server according to a possible embodiment;
[0010] FIG. 5 is an example flowchart illustrating operation of an apparatus according to a
possible embodiment;

[0011] FIG. 6 is an example flowchart illustrating operation of an apparatus according to a
possible embodiment;

[0012] FIG. 7 is an example flowchart illustrating operation of an apparatus according to a
possible embodiment;

[0013] FIG. 8 is an example illustration of a graph of user perception of unpleasantness of a
portable electronic device surface temperature according to a possible embodiment;

[0014] FIG. 9 is an example illustration of a graph of performance and comfort adaptive
mitigation according to a possible embodiment; and

[0015] FIG. 10 is an example flowchart illustrating operation of an apparatus according to a

possible embodiment.
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DETAILED DESCRIPTION

[0016] Embodiments provide a method and apparatus that adjust portable electronic device
operation based on ambient temperature. A user input of a desired performance mode of the
portable electronic device can be received. An ambient temperature in an environment
surrounding the portable electronic device can be determined. A device temperature
mitigation threshold value can be set based on the ambient temperature and based on the
desired performance mode. Portable electronic device operation can be adjusted based on the
portable electronic device temperature exceeding the device temperature mitigation threshold
value.

[0017] FIG. 1 is an example block diagram of a system 100 according to a possible
embodiment. The system 100 can include an apparatus 110, an apparatus user 120, a network
130, a server 140, weather 150, and an indoor location 160. The apparatus 110 can be a
portable electronic device. For example, the apparatus 110 can be a portable wireless
communication device, a selective call receiver, a cellular telephone, a smartphone, a
personal digital assistant, a camera, a laptop computer, a tablet computer, or any other
portable electronic device. The apparatus 110 can communicate with the network 130, the
server 140, and other devices using wireless communication signals, such as cellular or
wireless local area network communication signals, as well as electrical communication
signals, optical communication signals, or other communication signals. The weather 150
and the indoor location 160 can be environments that influence an ambient temperature
surrounding the apparatus 110. The server 140 can be connected to the network 130. The
server 140 may be located at a weather service provider, at a business, at a home, or
anywhere else on the network 130. The network 130 may include any type of network that is
capable of sending and receiving communication signals. For example, the network 130 may
include a wireless communication network, a cellular telephone network, a Time Division
Multiple Access (TDMA)-based network, a Code Division Multiple Access (CDMA)-based
network, an Orthogonal Frequency Division Multiple Access (OFDMA)-based network, a
Long Term Evolution (LTE) network, a 3rd Generation Partnership Project (3GPP)-based
network, a satellite communications network, a packet-based data network, the Internet, an
intranet, a wireless wide arca network, a wireless local arca network, and other

communications systems. The network 130 may include more than one network and may
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include a plurality of different types of networks. Thus, the network 130 may include a
plurality of data networks, a plurality of telecommunications networks, a combination of data
and telecommunications networks, and other communication systems capable of sending and
receiving communication signals.

[0018] In operation, the apparatus 110 can receive a user input of a desired performance
mode of the apparatus 110. The apparatus 110 can determine an ambient temperature in an
environment surrounding the apparatus 110. The apparatus 110 can set an apparatus
temperature mitigation threshold value based on the ambient temperature and based on the
desired performance mode. The apparatus 110 can determine an apparatus temperature has
exceeded the apparatus temperature mitigation threshold value. The apparatus 110 can adjust
its operation based on the apparatus temperature reaching or exceeding the apparatus
temperature mitigation threshold value.

[0019] For example, the apparatus 110 can perform adaptive thermal mitigation based on an
ambient temperature and based on different user modes of operation, such as a performance
user mode, a typical user mode, a comfort user mode, and other modes of operation. To
claborate on some examples, the apparatus 110 can have a comfort mode for a typical user
where apparatus surface temperature mitigation can be adapted based on an elevated ambient
temperature T,mp to ensure optimum apparatus surface temperature comfort. In the comfort
mode, adaptive surface temperature mitigation can start to incrementally decrease apparatus
power, such as processor voltage or frequency, to maximize use time to extend apparatus
usability before reaching critical limits, such as battery charge or discharge temperature
limits. The ambient temperature T,mp, can be determined based on the apparatus location and
temperature mitigation can be adjusted accordingly. For example, a temperature mitigation
limit or threshold Ty, can start to decrease at elevated ambient temperatures T, to assure a
comfortable device surface temperature. The apparatus 110 can also have a performance
mode. In the performance mode, the apparatus 110 can override the comfort mode by using
an elevated temperature mitigation threshold Ty, which can allow the apparatus 110 to run
with an elevated surface temperature Ty,,. The elevated mitigation threshold Ty, can be
based on the elevated ambient temperature Tamp. The overriding of one performance mode
with another performance mode can be permanent, temporary, instant, or gradual.

[0020] When the apparatus 110 is outdoors, the ambient temperature T, can be identified

using global positioning system information, using cellular triangulation positioning, using
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weather service information, using Google Now ™™ information, using sensors on the
apparatus 110, using indium tin oxide thermocouples, using thermal infrared sensors, using
touchscreen sensors, and using other information that identifies an ambient temperature. For
example, the apparatus 110 can determine its position, such as its location, and the apparatus
110 can use a weather application to determine the ambient temperature for that location.
Apparatus processes can be adjusted for the ambient temperature and for human perception
of the surface temperature of the apparatus 110. Adjustments for human perception can take
into consideration the time duration the apparatus 110 was in a given environment with a
certain ambient temperature.

[0021] The apparatus 110 can also determine that it is indoors, such as when entering the
indoor location 160, based on global positioning system information, based on network
signals, based on proximity sensors, based on indoor navigation systems, and based on other
information. When indoors, the apparatus 110 can transition to indoor navigation, such as by
using wireless local area network triangulation or trilateration. The apparatus 110 can
determine ambient temperature based on the indoor location, such as by using a typical
indoor environment temperature, such as 25C, as the ambient temperature T,p,. The
apparatus 110 can also use additional information, such as map information, air conditioning
location knowledge, sensors, temperatures sensors, or other information, to determine
whether the indoor location has climate control. Thus, the apparatus 110 can determine
whether or not the ambient temperature is a typical indoor temperature based on additional
information. For example, the apparatus 110 can determine the indoor location 160 does not
have air conditioning, based on an atypical rise in the apparatus temperature. To elaborate on
this example, after the apparatus 110 assumes a comfortable indoor temperature of 25C, it
can operate its processor at a high speed. Then, the apparatus 110 may then detect its
processor is operating at a higher temperature than normal for the assumed indoor
temperature. A processor thermistor, a sensor, or other apparatus elements can detect the
high processor temperature. After detecting the high processor temperature, the apparatus
110 can determine the ambient temperature is higher than a normal ambient temperature and
can use other methods, such as sensor readings, to determine the ambient temperature, and
can adjust its operation based on the elevated temperature and based on a selected

performance mode.
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[0022] FIG. 2 is an example block diagram of a portable electronic device 200, such as the
apparatus 110, according to a possible embodiment. The portable electronic device 200 can
include a housing 210, a controller 220 within the housing 210, audio input and output
circuitry 230 coupled to the controller 220, a display 240 coupled to the controller 220, a
transceiver 250 coupled to the controller 220, an antenna 255 coupled to the transceiver 250,
a user interface 260 coupled to the controller 220, a memory 270 coupled to the controller
220, a network interface 280 coupled to the controller 220, and at least one sensor 290
coupled to the controller 220. The portable electronic device 200 can perform the operations
described in the disclosed embodiments.

[0023] The display 240 can be a Liquid Crystal Display (LCD), a bistable display, a Light
Emitting Diode (LED) display, an Organic Light-Emitting Diode (OLED) display, a plasma
display, a projection display, a touch screen, or any other device that displays information.
The transceiver 250 may include a transmitter and/or a receiver. The audio input and output
circuitry 230 can include a microphone, a speaker, a transducer, or any other audio input and
output circuitry. The user interface 260 can include a keypad, a keyboard, buttons, a touch
pad, a joystick, a touch screen display, another additional display, or any other device useful
for providing an interface between a user and an electronic device.

[0024] The network interface 280 can be a universal serial bus port, an Ethernet port, an
infrared transmitter/receiver, an IEEE 1394 port, or any other interface that can connect an
apparatus to a network or computer and that can transmit and receive data communication
signals. The memory 270 can include a random access memory, a read only memory, an
optical memory, a subscriber identity module memory, a flash memory, a removable
memory, a hard drive, a cache, or any other memory that can be coupled to a portable
electronic device.

[0025] The portable electronic device 200 or the controller 220 may implement any operating
system, such as Microsoft Windows®, UNIX, or LINUX, Android, or any other operating
system. Apparatus operation software may be written in any programming language, such as
C, C++, Java or Visual Basic, for example. Apparatus software may also run on an
application framework, such as, for example, a Java® framework, a NET® framework, or
any other application framework. The software and/or the operating system may be stored in
the memory 270 or elsewhere on the portable electronic device 200. The portable electronic

device 200 or the controller 220 may also use hardware to implement operations. For
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example, the controller 220 may be any programmable processor. Disclosed embodiments
may also be implemented on a general-purpose or a special purpose computer, a programmed
microprocessor or microprocessor, peripheral integrated circuit elements, an application-
specific integrated circuit or other integrated circuits, hardware/electronic logic circuits, such
as a discrete element circuit, a programmable logic device, such as a programmable logic
array, field programmable gate-array, or the like. In general, the controller 220 may be any
controller or processor device or devices capable of operating an electronic device and
implementing the disclosed embodiments.

[0026] The sensor 290 can be a temperature sensor, a thermometer, an infrared sensor, an
internal sensor, an external sensor, a thermal sensor, a thermocouple, an external thermal
sensor, such as a thermocouple, a plurality of similar and/or different types of sensors, or any
other sensor that can determine a temperature, such as a device temperature or an ambient
temperature in the environment surrounding the portable electronic device 200. The sensor
290 can be an internal sensor and the ambient temperature can be determined by inferring the
ambient temperature based on a sensed internal temperature or other sensed information that
can reflect an ambient temperature being atypical. The ambient temperature can also be
determined by averaging or weighted averaging temperature values from sensors and/or with
temperature values from services, such as weather services. Also, some temperature values
may be overridden if other values are considered more accurate.

[0027] In operation, a user input, such as the user interface 260, can receive a user input of a
desired performance mode of the portable electronic device 200. For example, the user input
can be selected from performance mode user input options including a first performance
mode and a second performance mode. The first performance mode can set a first device
temperature mitigation threshold value based on the ambient temperature and based on the
first performance mode. The second performance mode can set a second temperature
mitigation threshold value for a device based on the ambient temperature and based on the
second performance mode. The second device temperature mitigation threshold value can be
higher than the first device temperature mitigation threshold value. The first performance
mode can be a comfort mode, a typical mode, an energy saving mode, a low heat mode, or
other performance mode. The second performance mode can be a high performance mode, a
high heat tolerance mode, or other performance mode. The performance mode user input

options can also include additional performance modes. The user input can override a
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comfort mode to operate the portable electronic device 220 with an elevated device surface
temperature.

[0028] According to a possible implementation, the performance mode user input options can
include a performance mode temperature option based on a desired device surface
temperature of the portable electronic device 200. The desired device surface temperature
can be a user acceptable surface temperature, such as based on a user indication of acceptance
of the surface temperature. For example, a user may indicate a desire to allow the device to
run hotter than a typical temperature setting. The desired device surface temperature may be
based on general surface temperature perception, such as cool, warm, comfortable, hot, or
other general surface temperature perceptions. The performance mode temperature may also
be a specific temperature setting, such as 48°C, 50°C, or other useful specific temperature
setting selectable by a user. The performance mode temperature option can be presented as
information along with other option information. For example, a high performance mode
option can include the performance mode temperature option by informing a user that the
high performance mode results in a higher surface temperature of the portable electronic
device. The performance mode temperature option may also be presented as a message
indicating the device 200 will be entering or has entered a temperature mitigation
performance mode with an elevated surface temperature, and offer a user an option to operate
the device with the elevated temperature or stay in a standard lower temperature mode with
some performance impact.

[0029] The controller 220 can determine an ambient temperature in an environment
surrounding the portable electronic device 200. The controller 220 can set a device
temperature mitigation threshold value based on the ambient temperature and based on the
desired performance mode. For example, the controller 220 can determine the ambient
temperature is outside a range of normal, such as comfortable, ambient temperature values.
The controller 220 can then set a device temperature mitigation threshold value by reducing
the device temperature mitigation threshold value if the ambient temperature is outside the
range of normal ambient temperature values. To elaborate, a user may perceive a typically
comfortable portable electronic device surface temperature at normal ambient temperatures as
an uncomfortably hot surface temperature at elevated or reduced ambient temperatures and
the device temperature mitigation threshold value can be reduced accordingly. According to

a possible implementation, the device temperature mitigation threshold value may be reduced
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if the ambient temperature is above the ambient temperature threshold, as a user may
perceive a typically comfortable surface temperature as an uncomfortably hot surface
temperature at ambient temperatures higher than normal ambient temperatures. According to
another possible implementation, the device temperature mitigation threshold value may be
reduced if the ambient temperature is below the ambient temperature threshold as a user may
perceive a typically comfortable surface temperature as an uncomfortably hot surface
temperature at ambient temperatures lower than normal ambient temperatures. The portable
electronic device 200 can utilize ambient temperature threshold values that can include a high
ambient temperature threshold value and a low ambient temperature threshold value so that
the portable electronic device surface temperature is adjusted when the ambient temperature
is outside of a range of normal ambient temperatures. Normal ambient temperatures can be
comfortable ambient temperatures, such as within a range of temperatures surrounding 25
degrees C, and the ambient temperature threshold and/or the device temperature mitigation
threshold value can be set by a user based on temperatures that the user considers acceptable.
The ambient temperature threshold and/or the device temperature mitigation threshold value
can also be set as a default values based on temperatures that are considered comfortable,
such as based on studies, surveys, research, user feedback, or other information. A user can
adjust the default values.

[0030] The controller 220 can determine a portable electronic device temperature has
exceeded the device temperature mitigation threshold value. The controller 220 can adjust
portable electronic device operation based on the portable electronic device temperature
exceeding the device temperature mitigation threshold value. For example, the controller 220
can adjust portable electronic device operation by reducing an operating frequency of the
portable electronic device. Reducing an operating frequency can include reducing a primary
processor operating frequency, reducing an operating frequency of all components of the
entire portable electronic device, and/or reducing operating frequencies of a subset of
components of the portable electronic device. Other portable electronic device operation
functions can be adjusted based on the portable electronic device temperature exceeding the
temperature mitigation threshold value. For example, selected portable electronic device
applications, other software, hardware, and/or other operations can be disabled or adjusted
based on the portable electronic device temperature exceeding the temperature mitigation

threshold value. As further examples, operating voltages and/or operating currents of
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components of the portable electronic device 200 can be adjusted and other operations of the
portable electronic device 200 can be adjusted based on the portable electronic device
temperature exceeding the temperature mitigation threshold value.

[0031] According to a possible embodiment, the controller 220 can determine a position,
such as a location, of the portable electronic device 220 and can determine the ambient
temperature in the environment surrounding the portable electronic device 220 based on the
determined position of the portable electronic device 220. For example, the controller 220
can determine the portable electronic device position using global positioning system signals,
using wireless network trilateration or triangulation, using deduced reckoning, or using other
methods for determining the portable electronic device position. The controller 220 can
retrieve ambient temperature information from a weather service or other service based on its
position. The controller 220 can also determine the portable electronic device 200 is indoors
based on received or non-received communication signals and can assume an indoor ambient
temperature and/or can obtain other information to determine the indoor ambient temperature.
For example, the controller 220 can determine the ambient temperature in the environment
surrounding the portable electronic device is an indoor ambient temperature if the portable
electronic device is indoors. The ambient temperature can also be determined using the at
least one sensor 290, using sensors coupled to the portable electronic device 200, using
received signals that provide ambient temperature information, or using other methods for
determining ambient temperatures. The ambient temperature can also be determined based
on operating temperatures detected within the portable electronic device 200.

[0032] According to a possible embodiment, the portable electronic device 200 can receive a
user input of a desired performance mode of the portable electronic device 200. The desired
performance mode can indicate a desired processing power of the portable electronic device
200. The portable electronic device 200 can determine that an ambient temperature in an
environment surrounding the portable electronic device is outside of a range of ambient
temperature values, such as a defined range of ambient temperature values. The portable
electronic device 200 can set a device surface temperature mitigation threshold value based
on the ambient temperature being outside the range of ambient temperature values and based
on the desired performance mode. The portable electronic device 200 can determine a
portable electronic device surface temperature is greater than the device surface temperature

mitigation threshold value. The surface temperature can be a temperature on the exterior of
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the portable electronic device, such as a temperature of the housing 210, a temperature of the
display 240, such as a touch screen display, a temperature of the user interface 260, or any
other surface temperature of the portable electronic device 200 that a user touches when using
the portable electronic device 200. The portable electronic device 200 can adjust its
operation to reduce the portable electronic device surface temperature based on the portable
electronic device surface temperature being greater than the device surface temperature
mitigation threshold value.

[0033] FIG. 3 is an example illustration of performance mode user input options 300
according to a possible embodiment. The performance mode user input options 300 can be
displayed on the display 240. The performance mode user input options 300 can include a
first performance mode 310 and a second performance mode 320. The first performance
mode 310 can be a high performance and high temperature performance mode. The second
performance mode 320 can be a normal performance and comfort temperature performance
mode. The performance mode user input options 300 can include other performance mode
options discussed above. A user can select a performance mode option 300 as a user input of
a desired performance mode of the portable electronic device 200. In more detail, human
perception of device surface temperature changes depending on surrounding ambient
teraperature and certain users do not want to hold devices with uncomfortably hot surfaces.
However, some performance users may wish to allow their devices to run hotter to achieve
higher device performance. Advantageously, this disclosure allows a device to adapt its
temperature to compensate for both ambient temperature and the type of performance desired
by the user.

[0034] FIG. 4 is an example block diagram of a server 400, such as the server 140, according
to a possible embodiment. The server 400 may include a controller 410, a memory 420, a
database interface 430, a transceiver 440, Input/Output (I/O) device interface 450, a network
interface 460, and a bus 470. The server 400 may implement any operating system, such as
Microsoft Windows®, UNIX, or LINUX, for example. Base station operation software may
be written in any programming language, such as C, C++, Java or Visual Basic, for example.
Server software may run on an application framework, such as, for example, a Java® server,
a .NET® framework, or any other application framework. The software and/or the operating
system may be stored in the memory 420 or elsewhere on the server 400. The server 400 or

the controller 410 may also use hardware to implement operations. For example, the
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controller 410 may be any programmable processor. Disclosed embodiments may also be
implemented on a general-purpose or a special purpose computer, a programmed
microprocessor or microprocessor, peripheral integrated circuit elements, an application-
specific integrated circuit or other integrated circuits, hardware/electronic logic circuits, such
as a discrete element circuit, a programmable logic device, such as a programmable logic
array, field programmable gate-array, or other devices that can implement the disclosed
embodiments.

[0035] In operation, the server 400 can provide ambient temperature information to the
apparatus 110. For example, the server 400 can be a weather service server or other server
that can provide temperature information for a given location. The server 400 can also assist
in providing apparatus position information to the apparatus 110. The server 400 can further
assist the apparatus 110 in performing other operations discussed in other embodiments.
[0036] FIG. 5 is an example flowchart 500 illustrating the operation of the apparatus 110,
such as the portable electronic device 200, according to a possible embodiment. At 510, the
flowchart 500 can begin. At 520, a user input of a desired performance mode of a portable
electronic device can be received. The user input can be selected from performance mode
user input options discussed above. At 530, an ambient temperature in an environment
surrounding the portable electronic device can be determined. The ambient temperature can
be determined based on the ambient temperature determinations discussed above. At 540, a
device temperature mitigation threshold value can be set based on the ambient temperature
and based on the desired performance mode. The device temperature mitigation threshold
value can be set as discussed above. At 550, a determination can be made as to whether a
portable electronic device temperature has exceeded the device temperature mitigation
threshold value. At 560, portable electronic device operation can be adjusted if the portable
electronic device temperature has exceeded the device temperature mitigation threshold
value. The portable electronic device operation can be adjusted by reducing an operating
frequency of the portable electronic device or by any of the other adjustments discussed
above. When adjusting operation, the portable electronic device can display information
informing a user that operation has been adjusted. Also, the device can display information
that its temperature has exceeded the device temperature mitigation threshold and can ask the
user whether it should enter a high ambient temperature performance mode which will result

in high surface temperature. After adjusting portable electronic device operation at 560 or if

12



WO 2015/026549 PCT/US2014/050501

the device temperature has not exceeded the device temperature mitigation threshold value,
ambient temperature can continue to be monitored at 530. For example, while a device is in
an ambient temperature performance mode, if the ambient temperature has returned to a
normal temperature, a device can return to standard performance mode with a corresponding
temperature mitigation threshold without asking a user as there is no longer an impact on the
device temperatures. Thus, if the ambient temperature rises again, the device can enter a high
ambient temperature performance mode and the device can return to a normal mode if the
temperature returns to normal. For example, a user can select an option for a device to
always run in a high performance mode when the ambient temperature is elevated.
Additionally, if a performance mode is not selected permanently, then operations of the
flowchart 200 can be implemented each time the device enters an elevated ambient
temperature environment. Furthermore, user input may continue to be monitored for
performance mode inputs. Also, the temperature changes can be monitored periodically. The
frequency of monitoring temperature change may be based on time, based on motion, based
on location, such as by limiting monitoring frequency or decreasing power drain based on
navigation information, based on other factors, or based on a combination of the above
factors. Additionally, a user may also select a permanent setting of performance mode so that
the user is not asked again; hence, the device can enter the high performance mode at
clevated ambient temperatures automatically.

[0037] FIG. 6 is an example flowchart 600 illustrating the operation of the apparatus 110,
such as the portable electronic device 200, according to a possible embodiment. The
operations of flowchart 600 can be incorporated into the operations of the flowchart 500. At
610, the flowchart 600 can begin. At 620, a position, such as a location, of the portable
electronic device can be determined. The position of the portable electronic device can be
determined based on the positioning determinations discussed above. For example, the
position of the portable electronic device can be a geographic position, an indoor position, or
other position of the portable electronic device. At 630, an ambient temperature in the
environment surrounding the portable electronic device can be determined based on the
determined position of the portable electronic device. The ambient temperature can be
determined as discussed above, such as in step 530 of the flowchart 500. At 640, the
flowchart 600 can end.
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[0038] FIG. 7 is an example flowchart 700 illustrating the operation of the apparatus 110,
such as the portable electronic device 200, according to a possible embodiment. The
operations of flowchart 700 can be incorporated into the operations of the flowchart 500. At
710, the flowchart 700 can begin. At 720, an ambient temperature can be sensed using at
least one sensor on the portable electronic device. The ambient temperature can be sensed as
discussed above. At 730, an ambient temperature can be determined based on the sensed
ambient temperature, such as in step 530 of the flowchart 500. The ambient temperature can
be determined as discussed above. At 740, the flowchart 700 can end.

[0039] It should be understood that, notwithstanding the particular steps as shown in the
figures, a variety of additional or different steps can be performed depending upon the
embodiment, and one or more of the particular steps can be rearranged, repeated or
eliminated entirely depending upon the embodiment. Also, some of the steps performed can
be repeated on an ongoing or continuous basis simultaneously while other steps are
performed. Furthermore, different steps can be performed by different elements or in a single
element of the disclosed embodiments.

[0040] FIG. 8 is an example illustration a graph 800 of user perception of unpleasantness of a
portable electronic device surface temperature according to a possible embodiment. The
graph 800 illustrates how user perception of unpleasantness of surface temperature rises
quicker when an ambient temperature is warmer 810 or cooler 820 than a normal or neutral
temperature 830. For example, a user's perception of discomfort of a hot surface temperature
increases at elevated and decreased ambient temperatures.

[0041] FIG. 9 is an example illustration of a graph 900 of performance and comfort adaptive
mitigation according to a possible embodiment. The graph 900 illustrates mitigation for a
portable electronic device high performance configuration 910 at an elevated ambient
temperature, fixed or normal configuration 920 at an elevated ambient temperature, comfort
configuration 930 at an elevated ambient temperature, and fixed or normal configuration 940
at a normal ambient temperature. As shown, portable electronic device operation can be
adjusted based on the portable electronic device temperature exceeding device temperature
mitigation threshold values. For example, an operating frequency of the portable electronic
device can be reduced over time from 1.72GHz based on an elevated 35 degrees C or normal

25 degrees C ambient temperature and based on the performance mode configuration as the
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surface temperature of the portable electronic device gets hotter, such as above 35-50 degrees
C, depending on the ambient temperature.

[0042] FIG. 10 is an example flowchart 1000 illustrating the operation of the apparatus 110,
such as the portable electronic device 200, according to a possible embodiment. The
operations of flowchart 1000 incorporate operations of the flowchart 500. Also, operations of
the flowchart 1000 can be performed after step 560 of the flowchart 500, such as regardless
of a desired permanency of a performance mode setting or if a given performance mode is set
as a permanent performance mode. At 1010, the flowchart 1000 can begin. At 1020, an
ambient temperature in an environment surrounding the portable electronic device can be
determined, such as by monitoring ambient temperature. The ambient temperature can be
determined as discussed in other embodiments. At 1030, a device temperature mitigation
threshold value can be set based on the ambient temperature and/or based on the desired
performance mode. The device temperature mitigation threshold value can be set as
discussed in other embodiments. At 1040, a determination can be made as to whether a
portable electronic device temperature has exceeded the device temperature mitigation
threshold value. The determination can be made as discussed in other embodiments. If the
device temperature mitigation threshold has been exceeded, at 1050, portable electronic
device operation can be adjusted if the portable electronic device temperature has exceeded
the device temperature mitigation threshold value. The portable electronic device operation
can be adjusted as discussed in other embodiments. After adjusting portable electronic
device operation at 1050 or if the temperature mitigation threshold has not been exceeded at
1040, operation can return to 1020 to continue to monitor ambient temperature changes
continuously, as needed, as requested, or periodically, as discussed above.

[0043] Embodiments can provide adaptive thermal control that changes device temperature
limits based on surface temperature unpleasantness. Embodiments can also provide proactive
optimization to maximize device performance and time until mitigation. Embodiments can
additionally provide for user specific thermal profile settings where surface temperature
unpleasantness can be established based on the ambient temperature.

[0044] Some embodiments can maximize device performance while also managing device
surface temperature to a level that is not unpleasant because the uncomfortable threshold for
one person is not the same for someone else. Some embodiments can take into account user's

comfort or performance type profiles and/or their association with a raised ambient
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temperature and device surface temperature unpleasantness. Some embodiments can expand
a range of ambient temperatures Tamb across which a comparable perceived performance is
assured based on a user's needs. Some embodiments can allow a device to adjust a
temperature mitigation limit and maximize time before the limit is reached while accounting
for a user's perception of the temperature. For example, some embodiments can increase the
time before the device reaches critical mitigation thresholds. Some embodiments can
increase the time before overall shutdown of the device at maximum device critical
temperature. Some embodiments can provide maximum usability to users when outdoors and
away from a charging source and can increase battery life by improving current drain.

[0045] The method of this disclosure can be implemented on a programmed processor.
However, the controllers, flowcharts, and modules may also be implemented on a general
purpose or special purpose computer, a programmed microprocessor or microcontroller and
peripheral integrated circuit elements, an integrated circuit, a hardware electronic or logic
circuit such as a discrete element circuit, a programmable logic device, or the like. In
general, any device on which resides a finite state machine capable of implementing the
flowcharts shown in the figures may be used to implement the processor functions of this
disclosure.

[0046] While this disclosure has been described with specific embodiments thereof, it is
evident that many alternatives, modifications, and variations will be apparent to those skilled
in the art. For example, various components of the embodiments may be interchanged,
added, or substituted in the other embodiments. Also, all of the elements of each figure are
not necessary for operation of the disclosed embodiments. For example, one of ordinary skill
in the art of the disclosed embodiments would be enabled to make and use the teachings of
the disclosure by simply employing the elements of the independent claims. Accordingly,
embodiments of the disclosure as set forth herein are intended to be illustrative, not limiting.
Various changes may be made without departing from the spirit and scope of the disclosure.
[0047] In this document, relational terms such as "first," "second,” and the like may be used
solely to distinguish one entity or action from another entity or action without necessarily
requiring or implying any actual such relationship or order between such entities or actions.
The phrase "at least one of" followed by a list is defined to mean one, some, or all, but not

necessarily all of, the elements in the list. The terms "comprises,” "comprising,” or any other

variation thereof, are intended to cover a non-exclusive inclusion, such that a process,
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method, article, or apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such process,

method, article, or apparatus. An element proceeded by "a," "an," or the like does not,
without more constraints, preclude the existence of additional identical elements in the
process, method, article, or apparatus that comprises the element. Also, the term "another" is
defined as at least a second or more. The terms "including," "having," and the like, as used

herein, are defined as "comprising."”
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CLAIMS
What is claimed is:

1. A method comprising:

receiving, by a computing device, a first user input, the first user input indicating a first
desired performance mode of the computing device;

estimating an ambient temperature in an environment surrounding the computing device;

determining a first device temperature mitigation threshold value based on the estimated
ambient temperature and based on the first desired performance mode;

sensing, using one or more sensors of the computing device and in response to
determining that a current temperature of the computing device differs from an expected
temperature of the computing device for the estimated ambient temperature, an ambient
temperature value;

determining a second device temperature mitigation threshold value based on the sensed
ambient temperature value and based on the first desired performance mode; and

adjusting, in response to determining that the temperature of the computing device has
exceeded the second device temperature mitigation threshold value, operation of the computing

device.

2. The method according to claim 1, wherein adjusting operation of the computing

device comprises reducing an operating frequency of the computing device.

3. The method according to claim 2, wherein the device temperature mitigation
threshold value is further based on a predetermined device surface temperature of the computing

device.

4, The method according to claim 1, wherein determining the device temperature
mitigation threshold value comprises reducing the device temperature mitigation threshold value
in response to the estimated ambient temperature being outside a range of ambient temperature

values.
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5. The method according to claim 1, further comprising determining a position of
the computing device,

wherein estimating the ambient temperature comprises determining the estimated
ambient temperature in the environment surrounding the computing device based on the

determined position of the computing device.

6. The method according to claim 1, wherein determining the ambient temperature
value comprises determining the ambient temperature value using at least one sensor on the

computing device.

7. The method according to claim 1, further comprising determining that the
computing device is indoors,
wherein estimating the ambient temperature includes determining that the estimated

ambient temperature is an indoor ambient temperature.

8. A computing device comprising:
a user input interface configured to receive a first user input indicating a desired first
performance mode of the computing device;
one or more Sensors;
a controller coupled to the user input interface, the controller configured to:
estimate an ambient temperature in an environment surrounding the computing
device,
determine a first device temperature mitigation threshold value based on the
estimated ambient temperature and based on the first desired performance mode,
control the one or more sensors, in response to determining that a current

temperature of the computing device differs from an expected temperature of the

computing device for the estimated ambient temperature, to sense an ambient temperature

value,
determine a second device temperature mitigation threshold value based on the

sensed ambient temperature value and a current desired performance mode, and
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adjust, in response to determining that the temperature of the computing device
has exceeded the second device temperature mitigation threshold value, operation of the

computing device.

9. The computing device according to claim 8, wherein the controller is configured
to adjust the operation of the computing device by reducing an operating frequency of the

computing device.

10.  The computing device according to claim 9, wherein the device temperature
mitigation threshold value is further based on a predetermined device surface temperature of the

computing device.

11. The computing device according to claim 8, wherein the controller is configured
to determine the device temperature mitigation threshold value by adjusting the device
temperature mitigation threshold value in response to the estimated ambient temperature being

outside a range of ambient temperature values.

12. The computing device according to claim 8, wherein the controller is further
configured to:

determine a position of the computing device, and

estimate the ambient temperature in the environment surrounding the computing device

based on the determined position of the computing device.

13. The computing device according to claim 8, wherein the controller is further
configured to, in response to determining that the computing device is indoors, estimate the
ambient temperature in the environment surrounding the computing device as an indoor ambient

temperature.

14. A method comprising:
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receiving a first user input indicating a first desired performance mode of a computing
device, the first desired performance mode indicating a first desired processing power of the
computing device;

estimating an ambient temperature in an environment surrounding the computing device;

determining a first device surface temperature mitigation threshold value based on the
estimated ambient temperature and based on the first desired performance mode;

sensing, using one or more sensors and in response to determining that a current
temperature of the computing device differs from an expected temperature for the estimated
ambient temperature, an ambient temperature value;

determining a second device surface mitigation temperature threshold value based on the
sensed ambient temperature value and based on the first desired performance mode;

in response to determining that a surface temperature of the computing device is greater
than the second device surface temperature mitigation threshold value, adjusting operation of the

computing device to reduce the surface temperature of the computing device.

15, The method of claim 1, wherein
estimating the ambient temperature is based on a current location of the computing
device, and
the method further comprises:
receiving, after adjusting the operation of the computing device, a second user
input indicating a second desired performance mode of a computing device, the second
desired performance mode indicating a second desired processing power of the
computing device; determining a third device surface mitigation temperature threshold
value based on the sensed ambient temperature value and based on the second desired
performance mode; andin response to determining that a surface temperature of the
computing device is less than the third device surface temperature mitigation threshold
value, adjusting operation of the computing device to increase the processing power of

the computing device.
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16. The method of claim 15, further comprising:

outputting for display, by the computing device and in response to determining that the
temperature of the computing device has exceeded the third device temperature mitigation
threshold value, an indication that the temperature of the computing device has exceeded the
third device temperature mitigation threshold value; and

receiving a third user input indicating that the user desires temperature mitigation of the
computing device,

wherein adjusting operation of the computing device is further in response to receiving

the second user input.

17. The method of claim 15, wherein
the adjusting operation of the computing device comprises initiating temperature
mitigation, and
the method further comprises:
outputting for display, by the computing device and in response to adjusting
operation of the computing device, an indication that the computing device has initiated
temperature mitigation;
receiving a third user input indicating that the user desires halting temperature
mitigation of the computing device; and
readjusting operation of the computing device to discontinue temperature

mitigation.

18. The method of claim 1, wherein
the first desired performance mode is a comfort-temperature mode, and
the method further comprises:
receiving a second user input, the second user input indicating a second desired
performance mode, the second desired performance mode being a high-temperature
mode; and
determining a third device temperature mitigation threshold value based on the

estimated ambient temperature and based on the second desired performance mode.
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19, The method of claim 18, wherein

estimating the ambient temperature is based on a location of the computing device,

the method further comprises outputting for display, by the computing device and in
response to determining that the temperature of the computing device has exceeded the first
device temperature mitigation threshold value and before receiving the second user input, an
indication that the computing device is proceeding to enter a temperature mitigation mode, and

the second user input overrides the temperature mitigation mode.
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