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device parameter corresponding to a first device of the image/video processing module (101); and a thermal management device
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THERMAL MANAGEMENT METHOD AND ELECTRONIC
SYSTEM WITH THERMAL MANAGEMENT MECHANISM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
62/011,189, filed on June 12, 2014, the contents of which are incorporated herein by

reference.

BACKGROUND

[0002] The temperature for an electronic apparatus is highly regarded, since a
high temperature may affect the performance of the electronic apparatus, or makes the
user feel un-comfortable, or even burns the user.

[0003] Therefore, the temperature of the electronic apparatus should be carefully
controlled. For example, following IEC 62368-1, Audio/Video, Information
Technology and Communication Technology Equipment - Part 1: Safety

Requirement, the touch temperature limit for touchable surfaces is 48°C.

[0004] However, if the temperature of the electronic apparatus is desired to be
decreased, the whole performance of the electronic apparatus is always suppressed to

decrease the temperature.

SUMMARY

[0005] Therefore, one objective of the present invention is to provide a thermal
management method can adjust only few devices of the electronic system to control
the temperature.

[0006] Another objective of the present invention is to provide an electronic
system that can adjust only few devices thereof to control the temperature.

[0007] One embodiment of the present application is to provide a thermal
management method comprising: (a) acquiring at least one device parameter for at

least one first device of the image/video processing module; and (b) adjusting at least



10

15

20

25

30

WO 2015/188786 PCT/CN2015/081373

one operating parameter for at least one second device of the image/video processing
module according to the device parameter to control a temperature of the image/video
processing module.

[0008] Another embodiment of the present application is to provide an electronic
system with a thermal control mechanism, which comprises: an image/video
processing module, configured to process at least one image or video data; a
parameter acquiring device, configured to acquire at least one device parameter for at
least one first device of the image/video processing module; and a thermal
management device, configured to adjust at least one operating parameter for at least
one second device of the image/video processing module according to the device
parameter to control a temperature of the image/video processing module.

[0009] In view of above-mentioned embodiments, the temperature can be
controlled via adjusting only a few devices, thus the performance for whole electronic
apparatus would not greatly decrease.

[0010] These and other objectives of the present invention will no doubt become
obvious to those of ordinary skill in the art after reading the following detailed
description of the preferred embodiment that is illustrated in the various figures and

drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG.1 is a block diagram illustrating an electronic system applying a
thermal management method according to one embodiment of the present invention.
[0012] FIG.2 is a block diagram illustrating detail structures for the parameter
acquiring device depicted in FIG.1, according to one embodiment of the present
invention.

[0013] FIG.3 is a block diagram illustrating detail structures for the thermal
management device depicted in FIG.1, according to one embodiment of the present
invention.

[0014] FIG.4 is a block diagram illustrating detail structures for the image/video
processing module depicted in FIG.1, according to one embodiment of the present
invention.

[0015] FIG.5 is a flow chart illustrating a thermal management method according

to one embodiment of the present invention.
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[0016] FIG.6-FIG.19 are schematic diagrams illustrating examples that the
thermal management method provided by the present invention is applied to the
image/video processing module depicted in FIG.4.

[0017] FIG.20 is a block diagram illustrating detail structures for the image/video
processing module depicted in FIG.1, according to another embodiment of the present
invention.

[0018] FIG.21-FIG.32 are schematic diagrams illustrating for examples that the
thermal management method provided by the present invention is applied to the

image/video processing module depicted in FIG.4.

DETAILED DESCRIPTION

[0019] FIG.1 is a block diagram illustrating an electronic system applying a
thermal management method according to one embodiment of the present invention.
The electronic system may be a mobile device or any other device with image/video
processing ability. As illustrated in FIG.1, the electronic system 100 comprises an
image/video processing module 101, a parameter acquiring device 103 and a thermal
management device 105. The image/video processing module 101 is a module that
can process at least a single image (e.g. a still image) or video data (e.g. video stream)
comprising a plurality of images. The operation of processing the single image or the
video data may comprises at least one of following operations: encoding the still
image, decoding the still image, encoding the video data, decoding the video data. The
operation of processing the single image or the video data may further comprises the
operations for processing decoded/encoded still image or video data. In some
embodiments, the decoded/encoded still image or video data may be stored to the
memory device, or the decoded/encoded still image or video data may be read from
the memory device. In some other embodiments, the decoded/encoded still image or
video data may be provided for display.

[0020] The parameter acquiring device 103 can acquire at least one device
parameter DP corresponding to a first device in the image/video processing module
101. The thermal management device 105 adjusts at least one operating parameter for
a second device of the image/video processing module 101 according to the device
parameter DP. In one embodiment of this invention, the thermal management device

105 may perform such adjustment without adjusting any setting or configuration of a
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central processing unit (CPU) of the electronic system 100. In another embodiment of
this invention, the thermal management device 105 may further perform such
adjustment to the setting or configuration of the CPU of the electronic system 100.
Please note the first device and the second device can be the same device, and can be
different devices as well. For example, the first device and the second device are the
same memory device. Alternatively, in another example, the first device is a single
image decoder, but the second device is a display processor. In some other
embodiments, if the number of the first device or the second device is more than one,
part of the device may be the same.

[0021] The device parameter DP may include a consequence parameter
representing or indicating its temperatures, for example, a temperature, a current
value, power consumption, a signal delay value which is related to temperature
variation, or any other kind of consequence parameter related to temperatures. In such
example, directly according to the device parameter DP, the thermal management
device 105 adjusts the operating parameter. In some embodiments, the relation
between the temperature variation and the signal delay value may be utilized. For
example, the signal delay for an inverter chain may be dependent upon temperature.
In detail, the signal delay for the inverter chain may increase as the temperature
increases. Accordingly, the temperature may be determined based on a measured
signal delay of an inverter chain of the first device.

[0022] Alternatively, the device parameter DP may include a configuration
parameter related to the temperature, for example, a frame rate, an exposure value, a
frame resolution, , an operating speed, or any other kind of configuration parameter
related to the temperature. In such example, the thermal management device 105 may
compute or anticipate the temperature related value according to the device parameter
DP first, and then adjusts the operating parameter accordingly. However, directly
according to the configuration parameter DP, the thermal management device 105
may also adjust the operating parameter.

[0023] Corresponding to different device parameters, the parameter acquiring
device 103 may comprise different structures or configurations. For example, if the
device parameter DP includes a temperature, the parameter acquiring device 103 may
include a thermal sensor. Also, if the device parameter DP includes a frame rate, the
parameter acquiring device 103 may access the settings or configurations for the first

device in the image/video processing module 101. For example, access configuration
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of the frame rate in a decoder in the image/video processing module 101.

[0024] The operating parameter to be adjusted may include an operating speed,
any configuration parameter (such as a frame rate, an exposure value, a frame
resolution, a brightness value, an operating voltage or any other configuration
parameter), any parameter about operating the second device, or combination thereof.

[0025] Please note the device parameter DP and the operating parameter are not
limited to above-mentioned examples. Further examples for the device parameter DP
and the operating parameter will be explained later.

[0026] FIG.2 is a block diagram illustrating detail structures for the parameter
acquiring device 103 depicted in FIG.1, according to one embodiment of the present
invention. In this embodiment, the parameter acquiring device 103 may include a
thermal sensing module, which can sense a parameter representing or indicating
temperatures, for example, a temperature, a current value, a signal delay value which
is related to temperature variation or any other value related to the temperature. The
parameter acquiring device 103 may include a thermal sensor 201, which directly
senses the device parameter corresponding to the device in the image/video
processing module. In some embodiments, the thermal sensor 201 may include an
inverter chain which is temperature dependent. In one embodiment, the parameter
acquiring device 103 further comprises a calibrating circuit 203, which is configured
to minimize the measurement errors. The calibrating circuit 203 may be performed
according to environmental temperature or information about the type of thermal
sensor 201. In some embodiments, the calibration may be realized by table-look-up
via off-line process. In some other embodiments, the calibration may be implemented
via external thermometer or internal logic.

[0027] FIG.3 is a block diagram illustrating detail structures for the thermal
management device 105 depicted in FIG.1, according to one embodiment of the
present invention. In this embodiment, the thermal management device 105 comprises
a management unit 301 and a decision unit 303. The decision unit 303 is configured to
determine if the management unit 301 should be enabled or not according to received
parameters. For example, if the decision unit 303 receives a temperature, a current
value or a value representing or indicating the temperature is higher than a
corresponding threshold value, the decision unit 303 enables the management unit 301
to start thermal management.

[0028] FIG.4 is a block diagram illustrating detail structures for the image/video
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processing module depicted 101 in FIG.1, according to one embodiment of the
present invention. As shown in FIG.4, the image/video processing module 101 may
comprise at least one of an image sensor 401, an image signal processor 403, a single
image encoder 405, a single image decoder 407, a micro control unit 408, a video
encoder 409, a video decoder 411, a display processor 413, a memory device 415, a
graphic engine 417, a panel driver IC 419, a display panel 421, a battery 423, or
combination thereof.

[0029] The image sensor 401 is configured to sense images (e.g. taking pictures).
The image signal processor 403 is configured to process image signals from the image
sensor 401. The single image encoder 405 and the single image decoder 407 are
applied to process independent images (e.g. pictures) for image encoding and
decoding respectively. Also, the micro control unit 408 is configured to control the
operations for devices in the image/video processing module 101. The video encoder
409, the video decoder 411 are applied to process video data comprising a plurality of
images (e.g. video stream) for video encoding and decoding respectively. The display
processor 413 is configured to process images or video data from the image signal
processor 403, the single image decoder 407 the video decoder 411 or the graphic
engine 417, to generate images or video data that can be displayed on the display
panel 421. The memory device 415 (e.g. a DRAM)is configured to store images or
video data, and the stored images or video data can be accessed and displayed on the
display panel 421. The graphic engine 417 is configured to draw an image. The panel
driver IC 419 is configured to drive the display panel 421.

[0030] If the image/video processing module 101 is applied to process video data,
the devices that tend to generate thermal may include: the video decoder 411, the
display processor 413, the memory device 415, the panel driver IC 419, the display
panel 421 or combination thereof. Therefore, these devices are applied as examples in
the embodiments depicted in FIG.5A,5B-FIG.19. Please note these examples are only
for explaining and do not mean to limit the scope of the present invention.

[0031] FIG.5A is a flow chart illustrating a thermal management method

according to one embodiment of the present invention. The flow chart in FIG.5A

comprises:
[0032] Step 501
[0033] Start

[0034] Step 503
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[0035] Image/video processing module 101 may be enabled.

[0036] Step 505

[0037] Process a group of pixels (e.g. decode). The pixels can be received from
the memory device 415, or from any other source inside or outside the image/video
processing module 101.

[0038] Step 507

[0039] Measure or receive the current value (i.e. the above-mentioned device
parameter) of the image/video processing module 101. Please note, in some
embodiments of step 507, the current value for only one first device of the
image/video processing module 101 may be measured or received, or a current
amount for several first devices of the image/video processing module 101 may be
measured or received. In some embodiments of step 507, if the image/video
processing module 101 is enabled to process video data, the current value for the
video decoder 411, the display processor 413, the memory device 415 or combination
thereof may be measured or received. In some other embodiments of the step 507,
the current value of the battery may be measured or received to represent the current
value of the image/video processing module 101.

[0040] Step 509

[0041] Determine if the current measured or received in the step 507 is over a
current threshold value or not. If yes, go to step 511, if not, go to step 513.

[0042] Step 511

[0043] Lower the operating speed (i.e. the above-mentioned operating parameter)
for a second device of the image/video processing module 101. In one embodiment of
step 511, the second device of the image/video processing module 101 may mean at
least one of: the video processor 411, the display processor 413, the memory device
415, the panel driver IC 419 and the display panel 421.

[0044] Step 513

[0045] Increase or keep the operating speed for a second device of the
image/video processing module 101. In one embodiment of step 513, the second
device of the image/video processing module 101 may mean at least one of: the video
processor 411, the display processor 413, the memory device 415, the panel driver IC
419 and the display panel 421.

[0046] In one embodiment, several current threshold values can be provided,

such as FIG.5B. In such embodiment, the step 511 is performed according to which
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range the current value measured or received in the step 507 locates in. For example,
if the current value is above the current threshold value T1 but below the current
threshold value T2, the step 511 lower the operating speed to a first level. Also, if the
current value is above the current threshold value T2 but below the current threshold
value T3, the step 511 lower the operating speed to a second level lower than the first
level.

[0047] Step 515

[0048] If the operation of processing pixels ends may be determined. If yes, go to
step 517, if not, go back to the step 505.

[0049] Step 517

[0050] End.

[0051] Since the current measured or received in the step 507 is a parameter
representing or indicating the temperature, thus the step 507 can be regarded as an
embodiment for “acquiring device parameter representing or indicating temperature”.
In other embodiments, a temperature, a current value, a signal delay value which is
related to temperature variation, any other device parameter representing or indicating
the temperature or combination thereof may be acquired.

[0052] In another embodiment, the step 507 is replaced with a step for “acquiring
device parameter related to the temperature”. For example, acquire a frame rate, an
exposure value, a frame resolution, an operating speed, or any other parameter related
to the temperature. In such embodiment, the step 509 is correspondingly replaced by
another step. For example, if the step 507 is replaced by a step of acquiring a frame
resolution, the step 509 is replaced by a step of “determining if the frame resolution is
over a resolution threshold value”.

[0053] For such embodiment, several resolution threshold values may be
provided as well. As shown in following Table 1, several resolution threshold values
are provided, and the operating speed may be adjusted to different values
corresponding to which range the frame resolution located in. For example, but not
limitation, when resolution is high, temperature may also go high. Therefore, when

resolution is high, a low operating speed is set.

Resolution Adjustment

threshold
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1920x1080 Operating speed level 1

4096x2160 Operating speed level 2

7680x4320 Operating speed level 3
Table 1

[0054] FIG.6-FIG.19 are schematic diagrams illustrating for examples that the
thermal management method provided by embodiments of the present invention are
applied to the image/video processing module depicted in FIG.4. In the embodiments
of FIG.6-FIG.8, the operating speed for at least one second device of the image/video
processing module is adjusted via adjusting the clock rate thereof, based on the
current value. FIG.6 illustrates an embodiment of the situation that the operating
speed is not adjusted. As shown in FIG.6, the clock rates are all 500 MHz for different
periods, and the current value Crl is particularly high and over a current threshold
value, which may cause a high temperature. Please note the current value can be a
peak current value for a period, or an average current value for a period.

[0055] In FIG.7, the clock rates for all periods P1, P2. P3 are adjusted (not
limited to all periods, however), thereby the current for each period P1, P2, P3 is
lower than a current threshold value. In FIG.8, the clock rates are adjusted with
lowered Vdd, thereby that the average current for each period P1, P2, P3 is further
reduced. Please note the embodiments depicted in FIG.7 and FIG.8 can be
independently applied or simultaneously applied.

[0056] FIG.9 and FIG.10 are schematic diagrams of some embodiments
illustrating the clock rate is adjusted based on temperature. In FIG.9, the clock rate is
not adjusted, thus the temperature has a high value over a temperature threshold value.
In FIG.10, the clock rates for all periods P1, P2, P3 are adjusted(not limited to all
periods, however), such that the temperature is reduced to be lower than the
temperature threshold value correspondingly.

[0057] In the embodiment of FIG.11, the operating voltage is adjusted based on
the temperature. As depicted in FIG.11, the operating voltages Vdd for all periods P1,
P2, P3 are initially set to 1.0v and then adjusted to 0.7V and 0.9V for different
periods, thereby the temperatures are reduced (the dotted line). Please note in the
embodiment of FIG.11, the clock rate is also adjusted. However, in one embodiment,
the clock rate is maintained at above-mentioned value SO0MHz and only the operating

voltage Vdd is adjusted. Also, in the embodiment of FIG.11, the operating voltages
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Vdd may be lower than the initial operating voltage Vdd set in the embodiment of
Fig. 9. For example, the operating voltages Vdd in FIG.11 can be 1.0v, 0.9v, 0.7v.
[0058] In the embodiments of FIG.12 and FIG.13, the frame rate for the display
panel to display is adjusted based on the temperature. As depicted in FIG.12, the
frame rates for each period P1, P2, P3 are all 30 fps, and the temperature has a high
value over a temperature threshold value. In FIG.13, the frame rate of the period P1 is
reduced to 25 fps, for example, via dropping frames. Thereby the temperature is lower
than the temperature threshold value correspondingly.

[0059] In the embodiments of FIG.14 and FIG.15, the operating speed of at least
one second device of the image/video processing module is adjusted based on the
frame rate or the frame resolution (i.e. the device parameter). In FIG.14, the
image/video processing module is set to high resolution or frame rate and the
operating speed is not adjusted (500MHz) such that the temperature may be over a
temperature threshold value. In FIG.15, for such high resolution or frame rate setting,
the operating speeds for all periods P1, P2, P3(not limited to all periods, however) are
adjusted to 400MHz, such that the temperature is lower than the temperature
threshold value correspondingly.

[0060] In the embodiments of FIG.16 and FIG.17, the operating voltage is
adjusted based on the frame rate (i.e. the device parameter) or the frame resolution
(i.e. the device parameter). In FIG.16, the image/video processing module is set to
high resolution or frame rate and the operating voltage is not adjusted (1.1V), such
that the temperature has high values over a threshold. In FIG.17, for such high
resolution or frame rate setting, the operating voltage for all periods(not limited to all
periods, however) P1, P2, P3 are adjusted to 0.9V, such that the temperature is lower
than the temperature threshold value correspondingly.

[0061] In the embodiments of FIG.18 and FIG.19, the frame rate for the display
panel to display is adjusted based on the frame resolution (i.e. the device parameter).
In FIG.18, the image/video processing module is set to high resolution and the frame
rate is not adjusted (30 fps for all periods P1, P2, P3) such that the temperature may
be over a temperature threshold value. In FIG.19, for such high resolution setting, the
frame rates for all periods P1, P2, P3(not limited to all periods, however) are adjusted
to 25fps, thereby the temperature is lower than the temperature threshold value
correspondingly.

[0062] If the image/video processing module is applied to process an image

10
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rather than video data, the devices that tend to generate thermal may include: the
image decoder 407, the display processor 413, the memory device 415, the panel
driver IC 419, the display panel 421 or combination thereof, as depicted in FIG.20.
Therefore, these devices are applied as examples in the embodiments depicted in
FIG.21-FIG.29. Please note these examples are only for explaining and do not mean
to limit the scope of the present invention.

[0063] Please refer to FIG.5A and FIG.5B again, the steps depicted in FIG.5A
and FIG.5B and related examples can be applied to the embodiment depicted in
FIG.20. However, please note if the step 507 is applied to the embodiment depicted in
FIG.20, the step 507 measures or receives the device parameter corresponding to at
least one of: the image decoder 407, the display processor 413, the memory device
415, the panel driver IC 419 and the display panel 421, which are marked in FIG.20.
[0064] In the embodiments of FIG.21 and FIG.22, the operating speed for at least
one second device of the image/video processing module is adjusted via adjusting the
clock rate thereof, based on the current value (i.e. the device parameter). In FIG.21,
the clock rate is not adjusted (360MHz) such that the current value may be over a
current threshold value. In FIG.22, the clock rates corresponding to the timing for
processing frames f1, {3 and f4 are adjusted to 260MHz, thereby the current values
corresponding to the timing for processing frames {1, {3 and {4 are lower than the
current threshold value correspondingly.

[0065] In the embodiments of FIG.23 and FIG.24, the brightness value for the
display panel is adjusted based on the current value (i.e. the device parameter). In
FIG.23, if the display panel displays frames with high brightness values (e.g. 100),
such as frames f1, {3 and f4, the corresponding current values are over the current
threshold value. In FIG.24, the brightness values for frames f1, {3 and {4 are adjusted
to 70, thereby the corresponding current values are lower than the current threshold
value correspondingly.

[0066] In the embodiments of FIG.25 and FIG.26, the configuration about the
frame resolution for the display processor or the panel driver IC is adjusted based on
the current value (i.e. the device parameter). In FIG.25, frames f1, f3, and 4 with high
frame resolutions (e.g. 1920x1080) are displayed with the current values over the
current threshold value. In FIG.26, the frame resolutions for the frames f1, f3 and f4
are adjusted to 1280x720, thereby the corresponding current values are lower than the

current threshold value correspondingly.
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[0067] In the embodiments of FIG.27 and FIG.28, the operating speed for at least
one second device of the image/video processing module is adjusted via adjusting the
clock rate thereof, based on the temperature(i.e. the device parameter). In FIG.27, the
clock rate is not adjusted (360MHz), such that the temperature may be over a
temperature threshold value. In FIG.28, the clock rates corresponding to the timing for
processing frames {1, {3 and {4 are adjusted to 260MHz, thereby the temperature
corresponding to the timing for processing frames {1, {3 and {4 are lower than the
temperature threshold value correspondingly.

[0068] In the embodiments of FIG.29 and FIG.30, the brightness value of the
display panel is adjusted based on the temperature(i.e. the device parameter). In
FIG.29, the brightness value is not adjusted (e.g. 100), such that the temperature may
be over a temperature threshold value. In FIG.30, the brightness value for displaying
frames f1, {3 and {4 are adjusted to 70, thereby the temperature corresponding to the
timing for displaying frames {1, {3 and f4 are lower than the temperature threshold
value correspondingly.

[0069] In the embodiments of FIG.31 and FIG.32, the configuration about the
frame resolution for the display processor or the panel driver IC is adjusted based on
the temperature. In FIG.31, if frames {1, {3, and f4 with high frame resolutions (e.g.
1920x1080) are displayed, the temperature may be over the temperature threshold
value. In FIG.32, the frame resolutions for the frames fl, f3 and f4 are adjusted to
1280x720, thereby the temperature corresponding to the timing for displaying frames
{1, £3 and f4 are lower than the temperature threshold value correspondingly.

[0070] In above-mentioned embodiments, the operating parameters are adjusted
based on the temperature or parameters representing or indicating the temperature
(e.g. current). However, as above-mentioned the operating parameters can be adjusted
according to a device parameter related to the temperature. In one embodiment, the
operating speed of the image decoder or any other device of the image/video
processing module are adjusted according to the frame resolution, since displaying
frames with high resolutions may generate much thermal. In another embodiment, the
brightness value of the display panel is adjusted according to the frame resolution.
[0071] In view of above-mentioned embodiments, a thermal management method
for controlling a temperature of an image/video processing module can be acquired.
The method comprises: (a) acquiring at least one device parameter corresponding to at

least one first device of the image/video processing module; and (b) adjusting at least
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one operating parameter for at least one second device of the image/video processing
module according to the device parameter. The device parameter and the operating
parameter can have various combinations, depending on which device of the
image/video processing module is adjusted, as above mentioned.

[0072] In view of above-mentioned embodiments, the temperature can be
controlled via adjusting only a few devices of the image/video processing module,
thus the performance for whole electronic apparatus would not greatly decrease. In
some embodiments, the image/video processing module may be implemented as part
of a device for displaying a photo gallery, video playback or providing any other
image/video related functions.

[0073] Those skilled in the art will readily observe that numerous modifications
and alterations of the device and method may be made while retaining the teachings
of the invention. Accordingly, the above disclosure should be construed as limited

only by the metes and bounds of the appended claims.
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CLAIMS

1. A thermal management method comprising:

(a) acquiring at least one device parameter corresponding to a first device of an
image/video processing module; and

(b) adjusting at least one operating parameter for a second device of the
image/video processing module according to the device parameter to control a
temperature of the image/video processing module.

2. The thermal management method of claim 1, further comprising:

determining at least one temperature corresponding to the first device of the
image/video processing module according to the device parameter;

wherein the step (b) adjusts the operating parameter according to the temperature
corresponding to the first device of the image/video processing module.

3. The thermal management method of claim 2, further comprising:

measuring an environment temperature; and

adjusting the determined temperature corresponding to the first device of the
image/video processing module based on the environment temperature to generate an
adjusted temperature;

wherein the step (b) adjusts the operating parameter according to the adjusted
temperature.

4. The thermal management method of claim 1,

wherein the image/video processing module comprises at least one of following
devices: an image decoder, a video decoder, a display processor, a memory device, a
panel driver IC and a display panel.

5. The thermal management method of claim 1, wherein the device parameter
comprises at least one of: a temperature corresponding to the first device, a current
value, a signal delay value, a frame rate, an exposure value, a frame resolution, a
power consumption value, and an operating speed.

6. The thermal management method of claim 1, wherein the operating parameter
comprises at least one of: an operating speed, a frame rate, an exposure value, a frame

resolution, a brightness value, and an operating voltage.
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7. The thermal management method of claim 1, wherein the device parameter
comprises a current value, and the operating parameter comprises an operating speed
or an operating voltage.

8. The thermal management method of claim 1, wherein the device parameter
comprises a frame resolution or a frame rate, and the operating parameter comprises
an operating speed or an operating voltage.

9. The thermal management method of claim 1, wherein the device parameter
comprises a frame resolution, and the operating parameter comprises a frame rate or a
brightness value.

10. The thermal management method of claim 1, wherein the device parameter
comprises a current value, and the operating parameter comprises a brightness value
or a frame resolution.

11. The thermal management method of claim 1, wherein the operating
parameter comprises a configuration parameter.

12. The thermal management method of claim 1, wherein the device parameter
comprises a consequence parameter or a configuration parameter, and the operating
parameter comprises an operating speed or an operating voltage.

13. An electronic system with a thermal control mechanism, comprising:

an image/video processing module, configured to process at least one image or
video data;

a parameter acquiring device, configured to acquire at least one device parameter
corresponding to a first device of the image/video processing module; and

a thermal management device, configured to adjust at least one operating
parameter for a second device of the image/video processing module according to the
device parameter to control a temperature of the image/video processing module.

14. The electronic system of claim 13, wherein the thermal management device
further determines at least one temperature corresponding to the first device of the
image/video processing module according to the device parameter, and adjusts the
operating parameter according to the temperature corresponding to the first device of
the image/video processing module.

15. The electronic system of claim 14, wherein the thermal management device
further measures an environment temperature, and adjusts the determined temperature
corresponding to the first device of the image/video processing module based on the

environment temperature to generate an adjusted temperature; wherein the thermal
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management device adjusts the operating parameter according to the adjusted
temperature.

16. The electronic system of claim 13,

wherein the image/video processing module comprises at least one of following
devices: an image decoder, a video decoder, a display processor, a memory device, a
panel driver IC and a display panel.

17. The electronic system of claim 13, wherein the device parameter comprises
at least one of: a temperature corresponding to the first device, a current value, a
signal delay value, a frame rate, an exposure value, a frame resolution, a power
consumption value, and an operating speed.

18. The electronic system of claim 13, wherein the operating parameter
comprises at least one of: an operating speed, a frame rate, an exposure value, a frame
resolution, a brightness value, and an operating voltage.

19. The electronic system of claim 13, wherein the device parameter comprises a
current value, and the operating parameter comprises an operating speed or an
operating voltage.

20. The electronic system of claim 13, wherein the device parameter comprises a
frame resolution or a frame rate, and the operating parameter comprises an operating
speed or an operating voltage.

21. The electronic system of claim 13, wherein the device parameter comprises a
frame resolution, and the operating parameter comprises a frame rate or a brightness
value.

22. The electronic system of claim 13, wherein the device parameter comprises a
current value, and the operating parameter comprises a brightness value or a frame
resolution.

23. The electronic system of claim 13, wherein the operating parameter
comprises a configuration parameter.

24. The electronic system of claim 13, wherein the device parameter comprises a
consequence parameter or a configuration parameter, and the operating parameter

comprises an operating speed or an operating voltage.

16



WO 2015/188786 PCT/CN2015/081373

// 100
Parameter
103—— acquiring Db
device
Image/Video
bp 101 — processing
module
Thermal
105 —- management
device
FIG. |
1023
Thermal o1
sensor
Calibrating
circuit
Parameter
acquiring device
203

Fl1G. 2

1/32



WO 2015/188786 PCT/CN2015/081373

105

Thermal management device

Decision unit Management
unit
303 301

FIG. 3

2/32



PCT/CN2015/081373

WO 2015/188786

¥ "Old

&0v

dSI

oy ~—— Aloneqg
L1v
[oued JdUI3Ud
Aerdsi(q drydedan
[ch
ID1AJP
€Iy — AIOUIDIN
D[ JOALIP J0ssan0ud
[oued Aerdsi(q
6l¥ ey

S/

101~

[y 607
I9POIAP JI9POJUD
OIPTA OIPLA

80F —  NOIN
19POdAP I9POOUD
ageuwll adeuwll
AI3UIS IIBUIS
L0¥ Cov

JOSUDS
aseul]

107

3/32



WO 2015/188786 PCT/CN2015/081373

501 — Start )

503-—- Enable image /video processing module

505—~— Process a group of pixels

Measure or receive the current value of

07— the image/video processing module

The
current over a current
threshold value?

509
Increase or keep Lower the
the operating speed operating speed for
for at least one at least one second | 511
second device of device of the
the image/video image/video
processing module processing module
> |

013

The
operation of processing
pixels ends ?

o17

F1G. SA

4/32



WO 2015/188786

Current
500mA —+
T3
T2
TI
OmA <+

FIG. 5B

5/32

PCT/CN2015/081373



PCT/CN2015/081373

WO 2015/188786

9 OId

SWL],
Q) ¢td [1D
PIOYUSQIU [ ------~---=---=---------------~--~-+b———“J -
v JUa.LIN)
AT T=PPA AT T=PPA AT T=PPA
ZHINOOS=YIO ZHINOOG=HI0 ZHINOOG=YI2
-

\\\\\\\\ \\\\\\ \\\\\\\\

IPI IPI

e = =

6/32



PCT/CN2015/081373

WO 2015/188786

QUL |,

-]

ploysaIy |

JUALINY)

L Old
AT T=PPA AT T=PPA AT T=PPA
ZHINOSK=112 ZHINOOK=112 ZHINOOE=I
ed ¢d Id
e e L1V V1 V111

7/32



PCT/CN2015/081373

WO 2015/188786

QUL |,

-]

ploysaIy |

JUALINY)

8 Old
A0 T=PPA A60=PPA AL0=PPA
ZHINOSK=112 ZHINOOK=112 ZHINOOE=I
ed ¢d Id
e e L1V V1 V111

8/32



PCT/CN2015/081373

WO 2015/188786

ALl |
-

6 Old

/

ploysa |

AT T=PPA
ZHINOOS=A[2

\

\\\\

AT T=PPA
ZHINOOS=AL2

\\\\\\

o[P]

AT'T=PPA
ZHINOOS=A2

\

I[P]

\

arnjeradwa |

9/32



PCT/CN2015/081373

WO 2015/188786

aur |

-

0l OIA

N

|81 (81 N L -k I
AT T=PPA AT T=PPA AL T=PPA
ZHINOSK=112 ZHINOOK=112 ZHINOOE=I
ed ¢d Id
e e L1V V1 V111

aanjeradwa |

vd

10/32



PCT/CN2015/081373

WO 2015/188786

QUL |,

JUSUISSRURA
JUSUIASRURWL ON

[T DId

AO T=PPA A6 O=PPA AL O=PPA
ZHINOCE=A]° ZHINOOP=AI° ZHINOOS=A]°
ed ¢d Id
%% N1 N1

arnjeraduwa |

vd

11/32



PCT/CN2015/081373

WO 2015/188786

AUII |

¢l DId

N

18] (010 1S5 R [ e e
sdjog sdjog sdjog
ed Zd Id
VT L1117 L1177

aanjeroduwd |

vd

12/32



PCT/CN2015/081373

WO 2015/188786

oulI .
- \
PIOYUSAIYJ ---S== - == ===== T o o--- oo - ----oo---Too-----TTTIoCooooo-
sdjog sdjog sdjcz
ed Zd Id
VT L1117 yd vd

&l DId

aanjeroduwd |

13/32



PCT/CN2015/081373

WO 2015/188786

ALl |
-

V1 DId

/

proysa.ay [,

ZHINOOG=A[°

\\\\\\\\

ZHINOOS=AI2

\\\\\\

e

9[P1

ZHINOOG=A[2

e

9[P]

i

arnjeraduwa |

14/32



PCT/CN2015/081373

WO 2015/188786

Gl "OIA
Wl |
= /((L[L
ploysaayy - - - S~——— e . T T
aanjeroduwd |
ZHINOOF=A1° ZHINOOF=A1° ZHINOOF=A1°
ed ¢d Id
e e L1111 v

15/32



PCT/CN2015/081373

WO 2015/188786

91 DIA
Wl |
-
) 01 e 14 N 4
aanjeroduwd |
AT T=PPA AT T=PPA AT T=PPA
ed ¢d Id
VT LV 11 L1117 vd

16/32



PCT/CN2015/081373

AUII |

L1 DIdA

WO 2015/188786

plOUSOL | N \

aanjeroduwd |
AG'O=PPA AG'O=PPA A6 0=PPA
ed ¢d Id
""" v v v v

17/32



PCT/CN2015/081373

WO 2015/188786

1 DI

oulI [
-
EOSmm,ﬁ:L ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
aanjeroduwd |
sdjog sdjog sdjog
od ¢d Id
VT L1117 L1177 vd

18/32



PCT/CN2015/081373

WO 2015

61 DIA
wi [
= / \
PIOYSAIL |~ -« - o ommmm o V “““““““““““ /—\
aanjeroduwd |
sdjcz sdjcz sdjcz
od ¢d Id

A e

11111111111 11111



PCT/CN2015/081373

WO 2015/188786

0¢ DIA

&0v

dSI

oy ~—— Aloneqg
L1v
[oued JdUI3Ud
Aerdsi(q drydean
[ch
ID1AJP
€Iy — AIOUIDIN
D[ JOALIP J0ssan0ud
[oued Aerdsi(q
6l¥ ey

S/

101~

[y 607
I9POIAP JI9POJUD
OIPTA OIPLA

80F —  NOIN
19POdAP I9POOUD
ageuwll adeuwll
AI3UIS IIBUIS
L0¥ Cov

JOSUDS
aseul]

107

20/32



PCT/CN2015/081373

WO 2015/188786

AUII |

ploysaay ] - - - - -

[¢ DId

ZHINO9E=M"TD

pd

ZHINO9E=MTD ZHINOSE=M"TD

pd

\ﬂ

&d

d

ZHINO9E=3TD

-

1UaLINY)

21/32



PCT/CN2015/081373

WO 2015/188786

AUII |

proysa.ay |

¢¢ Dld

ZHINO9C=M"1D

pd

ZHINO9C=MTD ZHINO9E=MTD ZHINO9C =M"1O

pd

\ﬂ

&d

d

-

1UaLINY)

22/32



PCT/CN2015/081373

WO 2015/188786

AUII |

ploysaay ] - - - - -

00 [=SsauysLIg

pd

& Dl

pd

d

00[=SS2UIYSLIg (9=SSoUIYSLIg () [=SSouysLig

-

1UaLINY)

23/32



PCT/CN2015/081373

WO 2015/188786

AUII |

y¢ DIdA

PIOUSOIY ] - - - - - - === —mmmm - m e oo o

()/=Ssaulyslig

pd

0/)=Ssaulysiig (g=ssoulysiig ()/=ssaulysliyg

pd

\ﬂ

&d

d

-

1UaLINY)

24/32



PCT/CN2015/081373

WO 2015/188786

AUII |

ploysaay ] - - - - -

G¢ DI

0801~0¢61

pd

0801X0¢61 0801X0¢61 0801X0c61

pd

\ﬂ

&d

d

-

1UaLINY)

25/32



PCT/CN2015/081373

WO 2015/188786

9¢ OIA4
oulI .
DIOUSAIY [ -« « « -« oo
02.X0821 0Z.X0821  0801X0Z61 02.X082I LI
7 y d &
1 /] .
1 . 1
a8eun Aeidsiqg m m m w m m
r ’ )
_ < \ﬂ \
[oued ol 21 .

26/32



PCT/CN2015/081373

WO 2015/188786

AUII |

proysa.ay |

A

ZHINO9E=M1D

pd

ZHINO9E=MTD

pd

ZHINO9E=M1D

d

ZHINO9E=MTD

-

arn)eraduwa

27/32



PCT/CN2015/081373

WO 2015/188786

AUII |

proysa.ay |

ZHINO9C=M1D

JUSWIAZRURIN — — -
JUdWdZRURW ON

8¢ DI

pd

ZHINO9Z=MTD 7HINO9E=M1D

pd

d

ZHINO9C=TD

-

aanjeroduwd |

28/32



PCT/CN2015/081373

WO 2015/188786

AUII |

proysaay |

6¢ DId

O0[=SSaUulysLIg  (O[=SSoulysllg (9=SSoulysrlig (Q[=ssaulysrig

pd

pd

d

-

aanjeroduwd |

29/32



PCT/CN2015/081373

WO 2015/188786

AUII |

ploysa.y |,

(0 /=SSou1y3Lig

JUSWIAZRURIN — — -
JUdWdZRURW ON

0 DIA

pd

aanjeroduwd |

(/=SSoUNUBLIg ()9=SSoUIy3LIg  ())=SSoUlysLig

pd

d

-

30/32



PCT/CN2015/081373

WO 2015/188786

AUII |

ploysa.y |,

[ DId

0801X0c61

P

2

0801X0c61

P

&d

0801X0c61

7

¢l

0801X0c61

_

aanjeroduwd |

31/32



WO 2015/188786 PCT/CN2015/081373

Time

No management
- — - Management

- Threshold

O ! "
A .Y

4

1280x720

3
%/ég
7
1280x720

FIG. 32

2
/
1920x1080

1280x720

Current

32/32



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2015/081373

A. CLASSIFICATION OF SUBJECT MATTER

HO4B 1/40(2015.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT,CNKLWPLEPODOC:temperature,sensor,mobile heat,image, video,parameter, thermal,frame,brightness

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2013120630 A1 (SAMSUNG ELECTRONICS CO., LTD) 16 May 2013 (2013-05-16) 1-24
description, paragraphs 29-46, 53-60 and figures 1, 4

A US 2005049729 A1 (CULBERT, MICHAEL ET AL.) 03 March 2005 (2005-03-03) 1-24
the whole document

A US 2011109655 Al (TAKEDA, DAISUKE) 12 May 2011 (2011-05-12) 1-24
the whole document

A US 2012188287 A1 (WURZEL, JOSHUA G.ET AL.) 26 July 2012 (2012-07-26) 1-24
the whole document

A US 2008152334 A1 (CHOL HOSEOK ET AL.) 26 June 2008 (2008-06-26) 1-24
the whole document

D Further documents are listed in the continuation of Box C.

See patent family annex.

#  Special categories of cited documents:

. document defining the general state of the art which is not considered

A to be of particular relevance

“gr earlier application or patent but published on or after the international
filing date

“ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“«0 document referring to an oral disclosure, use, exhibition or other
means

«pr document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

wp

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

wy»

“&”

Date of the actual completion of the international search

Date of mailing of the international search report

03 August 2015 26 August 2015
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA MA,Yongxiang

6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing
100088, China

Facsimile No. (86-10)62019451

Telephone No. (86-10)82245442

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2015/081373
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
uUs 2013120630 Al 16 May 2013 CA 2855026 Al 16 May 2013
KR 20130051569 A 21 May 2013
WO 2013069931 Al 16 May 2013
EP 2777167 Al 17 September 2014
JP 2015502067 A 19 January 2015
AU 2012336597 Al 15 May 2014
CN 103918189 A 09 July 2014
UsS 2005049729 Al 03 March 2005 WO 2005017468 A2 24 February 2005
WO 2005017468 A3 17 November 2005
us 7451332 B2 11 November 2008
us 2010117579 Al 13 May 2010
US 8237386 B2 07 August 2012
usS 2012284547 Al 08 November 2012
us 8448000 B2 21 May 2013
us 2013254563 Al 26 September 2013
[N 9043627 B2 26 May 2015
us 2011109655 Al 12 May 2011 CN 102090150 A 08 June 2011
WO 2010016440 Al 11 February 2010
EP 2309825 A4 05 October 2011
RU 2011103438 A 10 August 2012
EP 2309825 Al 13 April 2011
JPWO 2010016440 Al 19 January 2012
IN 201100117 P2 25 March 2011
UsS 2012188287 Al 26 July 2012 WO 2012099894 Al 26 July 2012
uUs 2008152334 Al 26 June 2008 CN 101197938 A 11 June 2008
CN 101197938 B 02 November 2011
KR 100820966 Bl 11 April 2008
UsS 7925148 B2 12 April 2011

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - wo-search-report
	Page 51 - wo-search-report

