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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method of controlling
a display of a portable electronic device and to a portable
electronic device. The invention relates in particular to a
method and to a portable electronic device in which tem-
perature data associated with the display are sensed.

BACKGROUND OF THE INVENTION

[0002] Optical output units configured as displays are
widely used in portable electronic devices. The heat gen-
erated by components of the portable electronic device,
such as a processor, graphics card, memory controller
or memory, may give rise to a temperature increase of
the display. A variety of displays is configured such that
temperature changes may lead to temperature-induced
color alterations perceived by a user. Even when the dis-
play is controlled such that the same color value is output
at the same pixel, the color as perceived by the user may
appear different depending on the temperature of the dis-
play.
[0003] Temperature-induced color variations may be
distractive to the user and may affect the quality of the
user interface. One approach to address such tempera-
ture-induced color alterations would be to measure one
temperature value in proximity to the display and perform
color compensation based on the sensed temperature
value. Such an approach would correct temperature-in-
duced color alterations in the same way over the display,
and may not be sufficient to mitigate the problems asso-
ciated with temperature-induced color alterations when
the temperature varies over the display. Problems asso-
ciated with temperature-induced color variations may be-
come even more relevant with decreasing thicknesses
of portable electronic devices. For illustration, electronic
devices which have a screen which extends essentially
throughout one of the major faces of the device housing,
and which have a thickness between a few centimeters
and less than a centimeter, may require at least some of
the electrical components which may generate signifi-
cant amounts of heat to be positioned in proximity to the
display. One approach to address local heating may con-
sist in using members which spread heat evenly over the
display and/or which provide heat insulation between
processors and display. However, such members would
add to the installation space and weight, which may be
undesirable in handheld devices. Not all vendors may be
willing to use dedicated members for heat spreading
and/or heat insulation. Realistic implementations of such
members may not be capable of reducing temperature
peaks at hot spots on the display. Therefore, tempera-
ture-induced color alterations may still be a problem.
[0004] EP 2 334 154 A1 relates to a LED controller
which controls a luminance of a LED when a temperature
sensor indicates an abnormal temperature condition, to

thereby mitigate problems associated with uneven chro-
maticity and uneven brightness. EP 2 387 027 A1 relates
to a liquid crystal display apparatus in which circuit boards
are disposed at a rear surface of the display panel, giving
rise to a temperature of the area of the display panel on
which the circuit boards are disposed being greater than
where they are not disposed. In order to compensate
liquid crystal response speed for those areas of the panel
having a circuit board disposed thereon, a compensation
control part reads a plurality of LUTs which are mapped
to corresponding space areas using image data, temper-
ature data, and a set temperature value.

SUMMARY OF THE INVENTION

[0005] Accordingly, there is a need for a method of
controlling a display of a portable electronic device and
for a portable electronic device which addresses at least
some of these shortcomings. In particular, there is a need
for such a method and portable electronic device which
addresses temperature-induced color alterations which
are brought about by local heating or "hot spots" in the
portable electronic device. Accordingly there is provided
a method of controlling a display of a portable electronic
device in accordance with that claimed in respect of in-
dependent claim 1. Also provided is a portable electronic
device is accordance with that of independent claim 10.
A plurality of temperature sensing elements may be ar-
ranged on the display, with each one of the temperature
sensing elements being arranged in one of the plurality
of areas. The plurality of temperature sensing elements
may define an array of temperature sensing elements.
The array may be a regular array, such as a rectangular
arrangement of temperature sensing elements. The ar-
ray may define a matrix configuration of measurement
points, defining a two-dimensional arrangement of meas-
urement points for sensing a temperature variation over
the display.
[0006] The array of temperature sensing elements
may comprise an indium tin oxide (ITO) layer. Elements
of the ITO layer may be used in a Wheatstone bridge
configuration to provide an analog signal which depends
on the temperate at the respective measurement point.
Other configurations may be used, such as an array of
thermistors formed from graphene, carbon nanotubes,
or another material which is transparent such that it can
be positioned on a light emitting surface of the display.
The array of temperature sensing elements may provide
analog signals which are processed to ultimately gener-
ate the temperature chart. The array of temperature
sensing elements may be comprised by a touch sensor
panel, a proximity sensor panel or a force sensor overlaid
onto the display.
[0007] Alternatively or additionally, the array of tem-
perature sensing elements may include thermistors
which are positioned at a rear side of the display, i.e. at
the side opposite to the light emitting side. The thermis-
tors may respectively be configured as thin film thermis-
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tors. The thermistors may each be thermally coupled to
the display.
[0008] The temperature chart may be determined by
interpolation based on the output signals of the array of
temperature sensing elements. The output signals of the
temperature sensing elements may be processed to de-
termine the temperatures at the locations of the temper-
ature sensing elements. The temperature chart may be
determined by interpolation between these tempera-
tures, using gradient interpolation techniques or other
interpolation techniques which are based on the locations
of the temperature sensing elements and the respectively
sensed temperatures.
[0009] The retrieved data indicative of the temperature
variation comprise temperature data for at least one re-
gion of the display and information on a topology of the
portable electronic device.
[0010] The information on the topology may include
information on a position of at least one electronic com-
ponent of the portable electronic device relative to the
display.
[0011] Temperature data for a plurality of regions of
the display may be determined based on the information
on the topology of the portable electronic device and the
temperature data for at least one region of the display.
[0012] The temperature chart may include an estimate
for a temperature at another region of the display for
which no temperature data are retrieved. The estimate
may be determined by interpolating the temperature data
for the plurality of regions. Various interpolation schemes
may be used, such as linear interpolation, non-linear in-
terpolation, gradient based interpolation, or splines, with-
out being limited thereto.
[0013] The retrieving and processing operations may
be repeated after a time interval to generate an updated
temperature chart. The color correction may be dynam-
ically adjusted in accordance with the updated tempera-
ture chart.
[0014] The method may further comprise monitoring a
workload of at least one electronic component of the port-
able electronic device. The time interval may be adjusted
based on the workload.
[0015] The display may have a plurality of pixels, each
pixel having a color value. The color correction which is
applied to the color value of a pixel may be set based on
a value of the temperature chart for the respective pixel.
[0016] The method may further comprise sensing, by
a thermistor array, the data indicative of the temperature
variation.
[0017] According to another embodiment, a portable
electronic device comprises a display and a controller
coupled to the display. The controller is configured to
retrieve data which are indicative of a temperature vari-
ation over the display. The controller is configured to
process the retrieved data to generate a temperature
chart for the display, the temperature chart being gener-
ated so as to be indicative of a temperature profile which
is spatially varying in a display plane. The controller is

configured to control the display in a spatially varying
manner in accordance with the generated temperature
chart.
[0018] The portable electronic device may further com-
prise a thermistor array configured to sense the data in-
dicative of the temperature variation. The controller may
be coupled to the thermistor array to retrieve the data
indicative of the temperature variation from the thermistor
array.
[0019] The controller may monitor a workload of at
least one electronic component of the portable electronic
device. The controller may be configured to adjust a time
interval based on the workload, and to generate an up-
dated temperature chart after the time interval.
[0020] The controller is configured to perform the meth-
od of any one aspect of embodiment.
[0021] The portable electronic device may comprise a
mobile communication interface. The portable electronic
device may be a cellular phone, a personal digital assist-
ant, a mobile computer, or another handheld device.
[0022] The method and the portable electronic device
of embodiments generates a temperature chart indica-
tive of the temperature variation over the display, i.e. the
temperature variation as a function of the two coordinates
in the display plane, and uses this information to perform
a spatially resolved color correction. This allows thermal-
ly induced local color alterations to be compensated.
Even when local hot spots are created where pronounced
heating of the display occurs locally, the resultant tem-
perature-induced color alterations may be mitigated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The foregoing and additional features and ad-
vantages of the invention will become apparent from the
following detailed description when read in conjunction
with the accompanying drawings, in which like reference
numerals refer to like elements.

FIG. 1 is a top view of a portable electronic device
of an embodiment.

FIG. 2 shows a block diagram representation of the
portable electronic device of an embodiment.

FIG. 3 is a schematic representation of a tempera-
ture variation over the display of the portable elec-
tronic device of an embodiment.

FIG. 4 is a plan view of the display for illustrating the
generation of a temperature chart for a display of a
portable electronic device of an embodiment.

FIG. 5 is a plan view of the display for illustrating the
generation of a temperature chart for a display of a
portable electronic device of another embodiment.

FIG. 6 shows image data and a temperature chart
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for explaining processing operations performed by
a controller of a portable electronic device of an em-
bodiment.

FIG. 7 is a flow chart of a method of an embodiment.

FIG. 8 is a flow chart of a method of another embod-
iment.

FIG. 9 shows a block diagram representation of the
portable electronic device of another embodiment.

FIG. 10 shows image data and a temperature chart
for explaining processing operations performed by
a controller of a portable electronic device of an em-
bodiment.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0024] In the following, embodiments of the invention
will be described in detail with reference to the accom-
panying drawings. It is to be understood that the following
description of embodiments is not to be taken in a limiting
sense. The scope of the invention is not intended to be
limited by the embodiments described hereinafter or by
the drawings, which are taken to be illustrative only.
[0025] The drawings are to be regarded as being sche-
matic representations, and elements illustrated in the
drawings are not necessarily shown to scale. Rather, the
various elements are represented such that their function
and general purpose become apparent to a person
skilled in the art. Any connection or coupling between
functional blocks, devices, components or other physical
or functional units shown in the drawings or described
herein may also be implemented by an indirect connec-
tion or coupling. Functional blocks may be implemented
in hardware, firmware, software or a combination thereof.
[0026] The features of the various embodiments may
be combined with each other, unless specifically noted
otherwise.
[0027] FIG. 1 is a front view of a portable electronic
device 1 of an embodiment. FIG. 2 is a schematic block
diagram representation of the portable electronic device
1. The portable electronic device 1 includes a display 2.
A proximity-sensing user interface 19 may be overlaid
on the display 2. The portable electronic device 1 may
include additional input interface components. For illus-
tration, navigation and control keys 3 configured as hard
keys may be provided on a housing 10 of the portable
electronic device. In other implementations, the display
2 may extend substantially throughout a major face of
the housing 10, and control and navigation functions may
be realized through the display 2. The display 2 may be
a liquid crystal display, a light emitting diode (LED) dis-
play, an organic light emitting diode (OLED) display, or
another display. The display 2 may be a two-dimensional
display or may be configured as a stereoscopic or auto-

stereoscopic display which provides perspective effects.
[0028] The portable electronic device 1 has a control-
ler. The controller may include one or plural processors.
In the illustrated implementation, the controller includes
a central processing unit 6 and a graphics processing
unit 7. The portable electronic device 1 may further com-
prise a memory 8 storing instruction code for the central
processing unit 6. A wireless transceiver 9 may be cou-
pled to the central processing unit 7. The wireless trans-
ceiver 9 may be configured for wireless communication
under a wireless communication standard, such as GSM,
3GPP, UMTS, LTE, WLAN, or other communication
standards. The central processing unit 6 may control the
wireless transceiver 9 so as to enable wireless voice
and/or data communication. The central processing unit
6 may be coupled to a microphone 4 and a loudspeaker
5 for voice communication.
[0029] The portable electronic device 1 is configured
such that the controller retrieves data which are indicative
of a temperature variation over the display 2, i.e. which
are indicative of a temperature variation as a function of
the two coordinates which span the display surface. The
controller processes the data and generates a tempera-
ture chart which is indicative of a temperature profile var-
ying in a display plane, i.e. a temperature profile which
varies as a function of the two coordinates which span
the display surface. The controller processes the data
and generates a temperature chart which is indicative of
a temperature profile varying in a display plane, i.e. a
temperature profile which varies as a function of the two
coordinates which span the display surface. The control-
ler controls the display in a spatially varying manner in
accordance with the generated temperature chart. The
controller applies a color correction to compensate for
temperature-induced color variations across the display,
the color correction being spatially varying in accordance
with the temperature chart.
[0030] In order to generate the temperature chart
which provides a two-dimensional array of temperature
values over the display 2, the portable electronic device
1 may include an array of temperature sensing elements.
For illustration, temperature sensing elements 11-13
may be arranged on a light-emitting surface of the display
2 and may be in thermal contact with the display 2. The
temperature sensing elements 11-13 may be formed
from a transparent material, such as indium tin oxide
(ITO), graphene, carbon nanotubes, or another transpar-
ent film having a resistance which changes as a function
of temperature. A Wheatstone bridge configuration may
be used for each temperature sensing element 11-13 to
determine the temperature. An analog signal provided
by the temperature sensing elements 11-13 may be proc-
essed by the controller of the portable electronic device
1 or a dedicated processor of a temperature sensing de-
vice which includes the array of temperature sensing el-
ements 11-13. The data obtained by processing the sig-
nals of the temperature sensing elements 11-13 is proc-
essed further to generate a temperature chart, which may
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also include information on estimated temperatures at
locations interposed between the temperature sensing
elements 11-13. Interpolation techniques may be used
to generate the temperature chart. The temperature chart
may be generated as a two-dimensional data array in-
dicative of the temperature profile over the display.
[0031] A wide variety of temperature sensing devices
coupled to the controller of the portable electronic device
1 may be used so as to allow the temperature chart to
be generated. For illustration, thin film thermistors may
also be positioned at a rear side of the display 2 which
faces away from the light emitting surface of the display
2. The array of temperature sensing elements may be a
regular array, but does not need to be a regular array.
For illustration, a density of temperature sensing ele-
ments may be greater in some regions of the display 2
where a hot spot is more likely to occur, due to the prox-
imity of the central processing unit 6, of the graphics
processing unit 7, of the memory 8, or another component
of the portable electronic device 1 which is known to gen-
erate a substantial amount of heat under at least some
operation conditions.
[0032] The controller of the portable electronic device
1 utilizes additional information to generate the temper-
ature chart based on sensed temperatures. In particular,
information on the topology of the portable electronic de-
vice 1 is utilized. Such information specifies under which
areas of the display 2 a component of the portable elec-
tronic device 1 is located which produces substantial
heat. The controller of the portable electronic device 1
may take into account characteristic local temperature
profiles which occur in proximity to a local hot spot, due
to heat transport through the display 2, and may generate
the temperature chart in accordance with the topology
information of the portable electronic device 1.
[0033] The controller of the portable electronic device
1 may perform various operations to implement a color
correction. When an image is to be output, the controller
may determine a color value of pixels in the image data.
The controller may use the temperature chart to identify
a temperature of the display at the location of the respec-
tive pixel. The controller may set the color correction
based on at least the temperature. The color correction
may include adding an offset value to the color value of
the pixel, the offset value being set based on the tem-
perature of the display at the respective pixel. The color
correction may include multiplication of the color value
of the pixel by a multiplicative factor, which is set based
on the temperature of the display at the respective pixel.
The color correction may include determining, based on
the display’s gamma curve, how the color value of the
pixel is to be altered based on the temperature of the
display at the respective pixel. The color correction may
be based on both the color value of the pixel in the image
data and the temperature of the display at the respective
pixel, as indicated by the generated temperature chart.
When there are plural color channels, the color correction
may be applied in each one of the color channels.

[0034] Any one of a variety of color correction schemes
may be used. Examples for such color correction
schemes which compensate temperature-induced color
variations are described in US 2010/0289811 A1. While
the controller of the portable electronic device 1 of em-
bodiments may use such color correction schemes for
determining how a color value is to be altered based on
temperature, it will be appreciated that the controller of
the portable electronic device 1 accommodates spatial
variations in temperature over the display, rather than
using merely one global temperature offset for the display
as a whole.
[0035] The controller of the portable electronic device
1 may perform the color correction in a pixel-wise fashion
to generate modified image data which are then supplied
to the graphics processing unit 7. The data which indicate
how, for a given local temperature, a color value is to be
adjusted may be stored in the memory 8 and may be
retrieved from the memory 8 by the controller of the port-
able electronic device 1.
[0036] The controller of the portable electronic device
1 may repeat the generation of the temperature chart
after a time interval. The color correction may be dynam-
ically adjusted to temperature changes. The time interval
may be adjusted based on a workload of the central
processing unit 6, of the graphics processing unit 7,
and/or the memory 8, such that the time interval decreas-
es as the workload of the respective component increas-
es. Local heating which results from high workload of the
central processing unit 6, of the graphics processing unit
7, and/or the memory 8 may thereby be compensated
with a short response time.
[0037] The operation of the portable electronic device
1 will be explained in more detail with reference to FIGs.
3-10.
[0038] FIG. 3 is a schematic view illustrating local heat-
ing of the display 2 of the portable electronic device 1.
The display 2 has a display plane 20 in which the display
2 extends. A component of the portable electronic device
1 which produces a significant amount of heat in at least
some operating conditions is disposed below an area 21
of the display plane 20. The component disposed below
the area 21 may be the central processing unit 6, the
graphics processing unit 7, or the memory 8, for example.
Local heating may occur in the area 21. While the heat
may be distributed across the display as time passes by
thermal transport, a local hot spot may still exist in area
21.
[0039] The temperature profile is schematically indi-
cated for three columns of the display. A temperature
profile 24 measured along a column 25 which is remote
from the area 21 may be essentially flat and may be com-
parable to ambient temperature. A temperature profile
26 measured along a column 27 which passes through
the area 21 may exhibit an elevated temperature. The
local temperature increase is due to the local heating
which is brought about by the component of the portable
electronic device 1 disposed below the area 21. A tem-
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perature profile 28 measured along a column 29 which
is offset from the area 21, but adjacent to the area 21,
may also exhibit a local temperature increase. The local
temperature increase is due to the local heating which is
brought about by the component of the portable electron-
ic device 1 disposed below the area 21, possibly in com-
bination with heat transfer in the portable electronic de-
vice 1.
[0040] The temperature variation over the display has
the effect that, in a conventional device, a pixel in area
21 and a pixel in column 25 may be perceived by the
user to have different colors, even when the color values
for the pixels are identical. Such effects may be quantified
for the respective display 2 by the gamma curve(s) of the
display. In portable electronic devices and methods of
embodiments, the temperature variation is taken into ac-
count to perform a color correction which compensates
at least a portion of temperature-induced color altera-
tions.
[0041] FIG. 4 is a plan view of the display 2 of the port-
able electronic device of an embodiment. A regular array
of temperature sensing elements 11-14, schematically
shown as closed circles, is provided. Output signals of
the temperature sensing elements 11-14 are processed
to determine temperatures at the positions of the tem-
perature sensing elements 11-14.
[0042] The controller of the portable electronic device
1 processes the data retrieved from the temperature
sensing elements 11-14 to determine a temperature
chart which indicates the temperature variation in the dis-
play plane. A regular array of regions 31-38 may be de-
fined, and the controller may determine a temperature
value for each one of the regions 31-38 based on the
data retrieved from the temperature sensing elements
11-14. Interpolation techniques, such as gradient-based
interpolation or mean value computations, may be used
to determine the temperature chart based on the output
of the temperature sensing elements 11-14. For regions
31, 33, 35 and 38 which are provided with a temperature
sensing element, the sensed temperature may be used
to generate a corresponding entry in the temperature
chart. For other regions 32, 34, 36 and 37 which are not
provided with a temperature sensing element, the entry
in the temperature chart may be estimated based on the
temperatures sensed by the temperature sensing ele-
ments. Interpolation techniques may be used to derive
temperature values for the other regions 32, 34, 36 and
37, and the estimates are written into the temperature
chart. Other techniques may be used to generate the
temperature chart. For illustration, a least square fit may
be made to the sensed temperatures to determine the
temperature chart. The fit function may take into account
physical constraints and/or the topology of the portable
electronic device 1.
[0043] Each one of the regions 31-38 may have a
height 41 which corresponds to a first number of pixels
and a width 42 which corresponds to a second number
of pixels. The regions 31-38, which are used to compute

the temperature chart, may each comprise a plurality of
pixels. The size of the regions 31-38 may also be selected
such that each region corresponds to one pixel of the
display only.
[0044] Other arrangements of the temperature sensing
elements and/or other configurations of the regions used
to determine the temperature chart may be used.
[0045] FIG. 5 is a plan view of the display 2 of the port-
able electronic device of another embodiment. A regular
array of temperature sensing elements 11-13, schemat-
ically shown as closed circles, is provided. Output signals
of the temperature sensing elements 11-13 are proc-
essed to determine temperatures at the positions of the
temperature sensing elements 11-13. A honeycomb lat-
tice defining a plurality of regions 45 is used to determine
the temperature chart for the display. As described with
reference to FIG. 4, interpolation techniques and/or fitting
may be used to estimate the temperature at a cell of the
honeycomb lattice which does not have a dedicated tem-
perature sensing element, based on the output signals
of the temperature sensing elements 11-13.
[0046] FIG. 6 is a schematic representation for explain-
ing the processing performed by the controller of the port-
able electronic equipment 1. The controller uses image
data 51 and a temperature chart 52 for controlling the
display 2 of the portable electronic device. The temper-
ature chart 52 provides information on a temperature pro-
file of the display which varies in a display plane. The
temperature chart 52 is schematically shown as a gray-
scale image, with local heating occurring in a region 53.
[0047] The controller generates modified image data
54 based on the image data 51 and the temperature chart
52. The controller may apply a color correction to gener-
ate the modified image data 54. This may be done in a
pixel-wise fashion. Color values of pixels of the image
data may be altered based on the temperature chart 52.
The controller may perform any one of a variety of tech-
niques to generate the modified image data 54. For illus-
tration, additive of subtractive offsets may be used to
determine a color value of a pixel in the modified image
data 54, based on the color value of the same pixel in
the image data 51 and the temperature value indicated
by the temperature chart 52 for this pixel. Alternatively
or additionally, multiplicative factors may be used to mod-
ify the color values. The change in color value of a pixel
may be set based on the gamma curve of the display.
For color images with several color channels, where the
color of each pixel is encoded in a tuple of numerical
values such as a 3-tuple for RGB or a 4-tuple for CMYK,
the corresponding temperature-based correction may be
made for each color channel.
[0048] The color correction has the effect that pixels
56 and 57, which have the same color values in the image
data 51, may have different color values in the modified
image data 54 when the temperatures indicated by the
temperature chart 52 are different for the pixels 56 and
57.
[0049] The image as perceived by a user is schemat-
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ically shown at 55. The controller of the portable elec-
tronic device sets the color values of pixels in the modified
image data 51 such that, owing to the temperature vari-
ation over the display, the pixels 58 and 59 as seen by
an observer are perceived to have the same color. The
difference in color values of pixels 56 and 57 in the mod-
ified image data is set such that it is balanced by the
temperature-induced color alteration when outputting the
modified image data. In the resultant image 55 perceived
by the user, temperature-induced color alterations of the
original image data 51 are reduced or eliminated. The
local, temperature-dependent modification of the image
data is set such that the modification made to color values
of pixels in the modified image data 54 will be balanced
by the temperature-induced color alteration when output-
ting the modified image data.
[0050] The controller may set the value of a pixel 56 in
the modified image data based on the Gamma curve of
the display. The controller may determine which color
value, when output at a pixel having the temperature in-
dicated by the temperature chart, will give rise to a per-
ceived color which corresponds to the color defined for
the pixel by the original image data 51. A two-dimensional
color correction map may be generated for each color
channel which may be used to generate the modified
image data 54 from the image data 55, e.g. by adding
temperature-dependent offsets, multiplying color values
by a temperature-dependent factor, performing a table
lookup based on the local temperature and/or analyzing
a Gamma curve of the display based on the local tem-
perature.
[0051] FIG. 7 is a flow chart of a method 60 of an em-
bodiment. The method 60 may be performed by the port-
able electronic device of an aspect or embodiment.
[0052] At 61, data indicative of a temperature variation
over the display are retrieved. The data indicate temper-
atures at plural positions on the display which are offset
from each other in the display plane. The data may be
retrieved from a temperature sensor device which in-
cludes an array of temperature sensing elements. The
array of temperature sensing elements may be formed
as an ITO layer or an array of thin film thermistors.
[0053] At 62, the data are processed and a tempera-
ture chart is generated. The temperature chart defines a
temperature profile which varies as a function of position
on the display. The temperature chart may be a two-di-
mensional array. The temperature chart includes esti-
mates for temperatures at positions on the display at
which no temperature sensing is performed. The esti-
mates may be obtained using interpolation techniques,
such as gradient based interpolation or mean value cal-
culations. The temperature chart may be a two-dimen-
sional array of temperature values which has a number
of entries that is greater than a total number of temper-
ature sensing elements which locally sense temperature.
[0054] At 63, the display is controlled in a spatially var-
ying manner in accordance with the determined temper-
ature chart. A spatially varying color correction may be

applied. For each one of a plurality of regions of the dis-
play, a color correction performed for pixels located in
the region may be set based on the temperature value
indicated by the temperature chart for the respective re-
gion.
[0055] Steps 61 and 62 may be repeated, to dynami-
cally update the temperature chart. Steps 61 and 62 may
be repeated after a time interval. The temperature chart
is continued to be used to perform the color correction
for any image that is to be output, as long as the temper-
ature chart is overwritten by an updated temperature
chart. The time interval may be adjusted based on a work-
load of at least one component or of a plurality of com-
ponents of the portable electronic device. Alternatively
or additionally, the data indicative of the temperature var-
iation retrieved at 61 may be monitored in a continuous
or quasi-continuous manner. Step 62 may be repeated
when a change in temperature variation is detected which
exceeds a threshold.
[0056] FIG. 8 is a flow chart of a method 70 of an em-
bodiment. The method 70 may be performed by the port-
able electronic device of an aspect or embodiment. In
the method 70, a time interval at which the temperature
chart is re-computed is adjusted based on a workload of
a component of the portable electronic device. While ex-
emplified in the context of a time interval which is adjusted
based on the workload of a processor, such as the central
processing unit 6 or the graphics processing unit 7, the
time interval may alternatively or additionally be adjusted
based on a workload of a memory, a memory controller,
a wireless communication circuit, or other components
of the portable electronic device 1.
[0057] At 71, a workload of a processor of the portable
electronic device is monitored. The workload may indi-
cate a percentage of a maximum workload of the proc-
essor. At 72, a time interval is set based on the monitored
workload. At 61-63, the processing explained with refer-
ence to the method 60 of FIG. 6 may be performed.
[0058] At 73 and 74, after a wait time which corre-
sponds to the time interval set at 72, it is determined
whether the workload of the processor has changed. A
threshold comparison may be performed to determine
whether the time interval is to be adjusted. If the workload
of the processor has not changed at all, or has changed
by less than a threshold, the method may revert to 71.
Steps 61-63 may be repeated after the time interval pre-
viously set.
[0059] If the workload of the processor has changed,
or has changed by at least the threshold value, the meth-
od continues at 75. At 75, the time interval is adjusted.
The time interval may be adjusted such that the time in-
terval decreases when the workload of the processor in-
creases, and vice versa. Thereby, the rate at which the
temperature chart is updated may be increased when
the processor is likely to produce more heat, and may be
decreased when the processor is likely to produce less
heat. Spurious re-computation of the temperature chart
may be avoided in operation conditions in which the tem-
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perature chart is unlikely to change. Vice versa, more
rapid updating of the color correction based on the tem-
perature chart may be realized in operation conditions in
which the temperature chart is likely to change more rap-
idly.
[0060] The temperature chart used as a basis for con-
trolling the display in a spatially varying manner may be
generated using temperature data from a plurality of re-
gions of the display as input. Other information is used
in addition. For illustration, the positions of processors,
memories, wireless transceivers or other components of
the portable electronic device which may give rise to local
heating of the display are known. This information on the
topology of the portable electronic device is used when
generating the temperature chart. A temperature profile
over the display may be determined from a measured
temperature in combination with information on the to-
pology of the portable electronic device.
[0061] FIG. 9 illustrates a portable electronic device 81
of another embodiment. In the portable electronic device,
temperature sensing elements 11, 12 are provided at a
rear side of the display 2. The positions of the tempera-
ture sensing elements 11, 12 are selected based on the
position of components which may likely generate hot
spots on the display. A temperature sensing element 11
may be attached to the display 2 to sense a local tem-
perature of the display 2 at a lateral position, measured
transverse to a normal vector of the display 2, which over-
laps with the lateral position of the central processing unit
6. Another temperature sensing element 12 may be at-
tached to the display 2 to sense a local temperature of
the display 2 at a lateral position which overlaps with the
lateral position of the graphics processing unit 7. Other
temperature sensing elements may be provided, to
sense the temperature of the display in proximity to the
memory 8 and/or in proximity to the wireless transceiver
9. The temperature sensing elements may respectively
be configured as thin film thermistors.
[0062] The controller of the portable electronic device
81 may process the output signals of the temperature
sensing elements 11 and 12. The local temperatures
sensed by the temperature sensing elements 11 and 12
may be combined with additional information such as lat-
eral dimensions of the central processing unit 6 or other
processors, the thermal conductivity of the display 2, or
characteristic temperature profiles which are known to
occur in response to local heating of the display. Alter-
natively or additionally, interpolation may be used to de-
termine entries of the temperature chart at positions
which are offset from the positions of the temperature
sensing elements 11 and 12.
[0063] FIG. 10 is a schematic representation for ex-
plaining the processing performed by the controller of the
portable electronic equipment 81. The controller uses im-
age data 51 and a temperature chart 52 for controlling
the display 2 of the portable electronic device. The con-
troller generates the temperature chart 52 based on tem-
peratures sensed in one or plural regions 85 and 86 of

the display. The controller utilizes information on the to-
pology of the portable electronic device, schematically
indicated at 81, to compute the temperature chart 52.
The information on the topology of the portable electronic
device may be a map of components which act as po-
tential heat sources for the display. For illustration, infor-
mation on the position and/or dimension of areas 83 and
84 below which a processor, a memory or a wireless
communication circuit of the portable electronic device
are arranged may be combined with the temperatures
sensed in regions 85 and 86. The resulting temperature
chart 52 may be utilized to generate modified image data
54, as explained with reference to FIG. 6. In the modified
image data 54, color values of pixels are adjusted to com-
pensate for temperature-induced color alterations.
[0064] Methods and portable electronic devices of em-
bodiments have been described in detail with reference
to the drawings. Modifications may be implemented in
other embodiments.
[0065] For illustration, a control process of a display
which is performed in accordance with a determined tem-
perature chart is not limited to performing a color correc-
tion which reduces temperature-induced artifacts, but
may alternatively or additionally be employed to control
a lenticular sheet or a parallax barrier in stereoscopic or
autostereoscopic displays. For illustration, a set of layers
which form a lenticular sheet array or a parallax barrier
of an autostereoscopic display may be controlled in ac-
cordance with the temperature chart. This allows chang-
es in refractive index caused by local temperature vari-
ations to be compensated.
[0066] For further illustration, while dedicated temper-
ature sensing elements may be provided which are dis-
posed on a light emitting surface or on a rear side oppo-
site to the light emitting surface of the display, the tem-
perature sensing elements may be integrated with other
components of the portable electronic device. For illus-
tration, the temperature sensing elements may be inte-
grated into a force sensing arrangement or into a touch
sensor panel of the portable electronic device.
[0067] For further illustration, while the temperature
chart may be generated by interpolation based on tem-
perature values sensed at a grid of positions, the tem-
perature chart may also be generated based on fitting
using pre-determined fit curves, by using sensed tem-
perature values in association with information on the
topology of the portable electronic device, or by a com-
bination of such techniques.
[0068] For further illustration, while embodiments have
been described in which modified image data are gen-
erated in a pixel-wise fashion, a color correction based
on the temperature chart may also be performed by a
graphics processing unit which works on vectorized
graphics.
[0069] For further illustration, the temperature chart
may be used to identify image regions of an image in
which temperature correction is to be performed. The
color correction may be limited to certain regions of the
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image, which are selected based on the temperature
chart. For illustration, color correction may be limited to
regions in which the local temperature as indicated by
the temperature chart differs from an average display
temperature by more than a threshold.
[0070] Examples for portable electronic equipments
which may be configured as described herein include,
but are not limited to, a cellular phone, a cordless phone,
a personal digital assistant (PDA), a mobile computer,
and the like.
[0071] Although certain embodiments have been
shown and described, it is understood that equivalents
and modifications falling within the scope of the append-
ed claims will occur to others who are skilled in the art
upon the reading and understanding of this specification.

Claims

1. A method of controlling a display (2) of a portable
electronic device (1), the method comprising:

retrieving data which are indicative of a temper-
ature variation (24, 26, 28) over the display (2);
processing the retrieved data to generate a tem-
perature chart (52) for the display (2) which pro-
vides a two-dimensional array of temperature
values over the display (2), the temperature
chart (52) being indicative of a temperature pro-
file which is spatially varying in a display plane
(20); and
controlling the display (2) in a spatially varying
manner in accordance with the generated tem-
perature chart (52), wherein the retrieved data
indicative of the temperature variation (24, 26,
28) comprise temperature data for at least one
region of the display (2) and information on a
topology (82) of the portable electronic device
(1), and
controlling the display (2) comprises applying a
color correction to image data (51) to generate
temperature-compensated image data (54)
based on both the generated temperature chart
(52) and the image data (51) to compensate for
temperature-induced color alterations, the color
correction being spatially varying in accordance
with the generated temperature chart (52),
wherein the display (2) is controlled to output
the temperature-compensated image data (54).

2. The method of claim 1,
wherein the retrieved data indicative of the temper-
ature variation (24, 26, 28) comprise temperature
data for a plurality of areas (31, 33, 35) of the display
(2), the plurality of areas (31, 33, 35) being offset
from each other parallel to the display plane (20).

3. The method of claim 1 or claim 2,

wherein the information on the topology (82) includes
information on a position (83, 84) of at least one elec-
tronic component (5-9) of the portable electronic de-
vice (1) relative to the display (2).

4. The method of any one of the preceding claims,
wherein temperature data for a plurality of regions
of the display (2) are determined based on the infor-
mation on the topology (82) of the portable electronic
device (1) and the temperature data for at least one
region of the display (2).

5. The method of claim 2 or claim 4,
wherein the temperature chart (52) includes an es-
timate for a temperature at another region (32, 34,
36-38) of the display (2) for which no temperature
data are retrieved.

6. The method of any one of the preceding claims,
wherein the retrieving and processing operations are
repeated after a time interval to generate an updated
temperature chart (52), and
wherein the color correction is dynamically adjusted
in accordance with the updated temperature chart
(52).

7. The method of claim 6,
wherein the method further comprises:

monitoring a workload of at least one electronic
component (5-9) of the portable electronic de-
vice (1), and
adjusting the time interval based on the work-
load.

8. The method of any one of the preceding claims,
wherein the display (2) has a plurality of pixels, each
pixel having a color value, and
wherein the color correction which is applied to the
color value of a pixel is set based on a value of the
temperature chart (52) for the respective pixel.

9. The method of any one of the preceding claims, fur-
ther comprising:
sensing, using a thermistor array (11-14; 11, 12), the
data indicative of the temperature variation (24, 26,
28).

10. A portable electronic device, comprising:

a display (2); and
a controller (6, 7) coupled to the display (2), the
controller (6, 7) being configured to

retrieve data which are indicative of a tem-
perature variation (24, 26, 28) over the dis-
play (2);
process the retrieved data to generate a
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temperature chart (52) for the display (2)
which provides a two-dimensional array of
temperature values over the display (2), the
temperature chart (52) being generated so
as to be indicative of a temperature profile
which is spatially varying in a display plane
(20); and
control the display (2) in a spatially varying
manner in accordance with the generated
temperature chart (52), wherein

the retrieved data indicative of the temperature
variation (24, 26, 28) comprise temperature data
for at least one region of the display (2) and in-
formation on a topology (82) of the portable elec-
tronic device (1), and
the controller (6, 7) is configured to control the
display (2) in the spatially varying manner in ac-
cordance with the generated temperature chart
(52) by

applying a color correction to image data
(51) to generate temperature-compensated
image data (54) based on both the gener-
ated temperature chart (52) and the image
data (51) to compensate for temperature-
induced color alterations, the color correc-
tion being spatially varying in accordance
with the generated temperature chart (52),
and
controlling the display (2) to output the tem-
perature-compensated image data (54).

11. The portable electronic device of claim 10,
the controller being configured to control the display
(2) in accordance with the method of any one of
claims 1-9.

Patentansprüche

1. Verfahren zum Steuern einer Anzeige (2) einer trag-
baren elektronischen Vorrichtung (1), wobei das
Verfahren umfasst:

Abrufen von Daten, welche eine Temperaturver-
änderung (24, 26, 28) über der Anzeige (2) an-
zeigen;
Verarbeiten der abgerufenen Daten, um ein
Temperaturdiagramm (52) für die Anzeige (2)
zu erzeugen, welches eine zweidimensionale
Anordnung von Temperaturwerten über der An-
zeige (2) bereitstellt, wobei das Temperaturdia-
gramm (52) ein Temperaturprofil anzeigt, wel-
ches sich in einer Anzeigeebene (20) räumlich
ändert; und
Steuern der Anzeige (2) in einer räumlich ver-
änderlichen Art und Weise gemäß dem erzeug-

ten Temperaturdiagramm (52),
wobei
die abgerufenen Daten, welche eine Tempera-
turveränderung (24, 26, 28) anzeigen, Tempe-
raturdaten für mindestens einen Bereich der An-
zeige (2) und eine Information über eine Topo-
logie (82) der tragbaren elektronischen Vorrich-
tung (1) umfassen, und
das Steuern der Anzeige (2) ein Anwenden einer
Farbkorrektur auf Bilddaten (51) umfasst, um
temperaturkompensierte Bilddaten (54) basie-
rend auf sowohl dem erzeugten Temperaturdi-
agramm (52) und den Bilddaten (51) zu erzeu-
gen, um temperaturbedingte Farbänderungen
zu kompensieren, wobei die Farbkorrektur
räumlich veränderlich gemäß dem erzeugten
Temperaturdiagramm (52) ist,
wobei die Anzeige (2) gesteuert wird, die tem-
peraturkompensierten Bilddaten (54) auszuge-
ben.

2. Verfahren nach Anspruch 1,
wobei die abgerufenen Daten, welche eine Tempe-
raturveränderung (24, 26, 28) anzeigen, Tempera-
turdaten für mehrere Bereiche (31, 33, 35) der An-
zeige (2) umfassen, wobei die mehreren Bereiche
(31, 33, 35) versetzt zueinander parallel zu der An-
zeigeebene (20) sind.

3. Verfahren nach Anspruch 1 oder 2,
wobei die Information über die Topologie (82) eine
Information über eine Position (83, 84) von mindes-
tens einer elektronischen Komponente (5-9) der
tragbaren elektronischen Vorrichtung (1) relativ zu
der Anzeige (2) aufweist.

4. Verfahren nach einem der vorhergehenden Ansprü-
che,
wobei Temperaturdaten für mehrere Regionen der
Anzeige (2) basierend auf der Information über die
Topologie (82) der tragbaren elektronischen Vorrich-
tung (1) und den Temperaturdaten für mindestens
eine Region der Anzeige (2) bestimmt werden.

5. Verfahren nach Anspruch 2 oder Anspruch 4,
wobei das Temperaturdiagramm (52) eine Schät-
zung für eine Temperatur in einer anderen Region
(32, 34, 36-38) der Anzeige (2), für welche keine
Temperaturdaten abgerufen werden, aufweist.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Abruf- und Verarbeitungsvorgänge
nach einem Zeitintervall wiederholt werden, um ein
aktualisiertes Temperaturdiagramm (52) zu erzeu-
gen, und
wobei Farbkorrektur dynamisch gemäß dem aktua-
lisierten Temperaturdiagramm (52) eingestellt wird.
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7. Verfahren nach Anspruch 6,
wobei das Verfahren ferner umfasst:

Überwachen einer Arbeitsbelastung von min-
destens einer elektronischen Komponente (5-9)
der tragbaren elektronischen Vorrichtung (1),
und
Einstellen des Zeitintervalls basierend auf der
Arbeitsbelastung.

8. Verfahren nach einem der vorhergehenden Ansprü-
che,
wobei die Anzeige (2) mehrere Bildpunkte aufweist,
wobei jeder Bildpunkt einen Farbwert aufweist, und
wobei die Farbkorrektur, welche auf die Farbwerte
eines Bildpunktes angewendet wird, basierend auf
einem Wert des Temperaturdiagramms (52) für den
entsprechenden Bildpunkt eingestellt wird.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, ferner umfassend:
Erfassen der Daten, welche die Temperaturverän-
derung (24, 26, 28) anzeigen, unter Verwendung ei-
ner Thermistor Anordnung (11-14; 11, 12).

10. Tragbare elektronische Vorrichtung, umfassend:

eine Anzeige (2); und
eine Steuerung (6, 7), welche mit der Anzeige
(2) gekoppelt ist, wobei die Steuerung (6, 7) aus-
gestaltet ist,
Daten, welche eine Temperaturveränderung
(24, 26, 28) über der Anzeige (2) anzeigen, ab-
zufragen;
die abgefragten Daten zu verarbeiten, um ein
Temperaturdiagramm (52) für die Anzeige (2)
zu erzeugen, welches eine zweidimensionale
Anordnung von Temperaturwerten über der An-
zeige (2) bereitstellt, wobei das Temperaturdia-
gramm (52) erzeugt wird, um ein Temperatur-
profil anzuzeigen, welches in einer Anzeigeebe-
ne (20) räumlich veränderlich ist; und
die Anzeige (2) in einer räumlich veränderlichen
Art und Weise gemäß dem erzeugten Tempe-
raturdiagramm (52) zu steuern,
wobei
die abgefragten Daten, welche die Temperatur-
veränderung (24, 26, 28) anzeigen, Tempera-
turdaten für mindestens eine Region der Anzei-
ge (2) und eine Information über eine Topologie
(82) der tragbaren elektronischen Vorrichtung
(1) umfassen, und
die Steuerung (6, 7) ausgestaltet ist, die Anzeige
(2) in der räumlich veränderlichen Art und Weise
gemäß dem erzeugten Temperaturdiagramm
(52) zu steuern, indem
eine Farbkorrektur auf Bilddaten (51) angewen-
det wird, um Temperatur kompensierte Bildda-

ten (54) basierend auf sowohl dem erzeugten
Temperaturdiagramm (52) als auch den Bildda-
ten (51) zu erzeugen, um temperaturbedingte
Farbänderungen zu kompensieren, wobei die
Farbkorrektur räumlich veränderlich gemäß
dem erzeugten Temperaturdiagramm (52) ist,
und
die Anzeige (2) anzusteuern, die Temperatur
kompensierten Bilddaten (54) auszugeben.

11. Tragbare elektronische Vorrichtung nach Anspruch
10,
wobei die Steuerung ausgestaltet ist, die Anzeige
(2) gemäß dem Verfahren nach einem der Ansprü-
che 1-9 zu steuern.

Revendications

1. Procédé pour commander un affichage (2) d’un dis-
positif électronique portable (1), le procédé compre-
nant les étapes consistant à :

extraire des données qui indiquent une variation
de température (24, 26, 28) sur l’affichage (2) ;
traiter les données extraites pour produire un
diagramme de température (52) pour l’affichage
(2) qui constitue un ensemble bidimensionnel
de valeurs de température sur l’affichage (2), le
diagramme de température (52) indiquant un
profil de température qui varie dans l’espace
dans un plan d’affichage (20) ; et
commander l’affichage (2) de manière variable
dans l’espace en fonction du diagramme de tem-
pérature (52) produit,
les données extraites indiquant la variation de
température (24, 26, 28) comprenant des don-
nées de température pour au moins une région
de l’affichage (2) et des informations sur une
topologie (82) du dispositif électronique portable
(1), et
la commande de l’affichage (2) comprenant l’ap-
plication d’une correction de couleur aux don-
nées d’image (51) afin de produire des données
d’image compensées par la température (54)
sur la base à la fois du diagramme de tempéra-
ture (52) produit et des données d’image (51)
afin de compenser les altérations de couleur in-
duites par la température, la correction de cou-
leur variant dans l’espace en fonction du dia-
gramme de température (52) produit,
l’affichage (2) étant commandé pour communi-
quer en sortie les données d’image compen-
sées par la température (54) .

2. Procédé selon la revendication 1,
dans lequel les données extraites indiquant la varia-
tion de température (24, 26, 28) comprennent des
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données de température pour une pluralité de ré-
gions (31, 33, 35) de l’affichage (2), la pluralité de
régions (31, 33, 35) étant décalées les unes des
autres parallèlement au plan d’affichage (20).

3. Procédé selon la revendication 1 ou la revendication
2,
dans lequel les informations sur la topologie (82)
comprennent des informations sur une position (83,
84) d’au moins un composant électronique (5-9) du
dispositif électronique portable (1) relativement à
l’affichage (2).

4. Procédé selon l’une quelconque des revendications
précédentes,
dans lequel les données de température pour une
pluralité de régions de l’affichage (2) sont détermi-
nées sur la base des informations sur la topologie
(82) du dispositif électronique portable (1) et des
données de température pour au moins une région
de l’affichage (2).

5. Procédé selon la revendication 2 ou la revendication
4,
dans lequel le diagramme de température (52) com-
prend une estimation pour une température à une
autre région (32, 34, 36-38) de l’affichage (2) pour
laquelle aucune donnée de température n’est extrai-
te.

6. Procédé selon l’une quelconque des revendications
précédentes,
dans lequel les opérations d’extraction et de traite-
ment sont répétées après un intervalle de temps
pour produire un diagramme de température (52)
mis à jour, et
dans lequel la correction de couleur est ajustée dy-
namiquement en fonction du diagramme de tempé-
rature (52) mis à jour.

7. Procédé selon la revendication 6,
dans lequel le procédé comprend, en outre :

le contrôle d’une charge de travail d’au moins
un composant électronique (5-9) du dispositif
électronique portable (1), et
l’ajustement de l’intervalle de temps sur la base
de la charge de travail.

8. Procédé selon l’une quelconque des revendications
précédentes,
dans lequel l’affichage (2) comporte une pluralité de
pixels, chaque pixel ayant une valeur de couleur, et
dans lequel la correction de couleur qui est appliquée
à la valeur de couleur d’un pixel est définie sur la
base d’une valeur du diagramme de température
(52) pour le pixel respectif.

9. Procédé selon l’une quelconque des revendications
précédentes, comprenant, en outre :
la détection, au moyen d’un réseau de thermistances
(11-14 ; 11,12), les données indiquant la variation
de température (24, 26, 28).

10. Dispositif électronique portable, comprenant :

un affichage (2) ; et
un dispositif de commande (6, 7) accouplé à l’af-
fichage (2), le dispositif de commande (6, 7)
étant configuré pour

extraire des données qui indiquent une va-
riation de température (24, 26, 28) sur l’af-
fichage (2) ;
traiter les données extraites pour produire
un diagramme de température (52) pour
l’affichage (2) qui constitue un ensemble bi-
dimensionnel de valeurs de température
sur l’affichage (2), le diagramme de tempé-
rature (52) étant produit de façon à indiquer
un profil de température qui varie dans l’es-
pace dans un plan d’affichage (20) ; et
commander l’affichage (2) de manière va-
riable dans l’espace en fonction du dia-
gramme de température (52) produit,

les données extraites indiquant la variation de
température (24, 26, 28) comprenant des don-
nées de température pour au moins une région
de l’affichage (2) et des informations sur une
topologie (82) du dispositif électronique portable
(1), et
le dispositif de commande (6, 7) étant configuré
pour commander l’affichage (2) de manière va-
riable dans l’espace en fonction du diagramme
de température (52) produit, en

appliquant une correction de couleur aux
données d’image (51) afin de produire des
données d’image compensées par la tem-
pérature (54) sur la base à la fois du dia-
gramme de température (52) produit et des
données d’image (51) afin de compenser
les altérations de couleur induites par la
température, la correction de couleur va-
riant dans l’espace en fonction du diagram-
me de température (52) produit, et
en commandant l’affichage (2) pour com-
muniquer en sortie les données d’image
compensées par la température (54).

11. Dispositif électronique portable selon la revendica-
tion 10,
le dispositif de commande étant configuré pour com-
mander l’affichage (2) en fonction du procédé selon
l’une quelconque des revendications 1 à 9.
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