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(54) DISPLAY DEVICE AND METHOD OF OPERATION

(57) A display device (10) has a plurality of control-
lable light sources for generating or illuminating an image
(14). A temperature associated with the display device

(10) is monitored. The number of light sources that are
generating or illuminating an image (14) is reduced if the
temperature exceeds a threshold.
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Description

Technical Field

[0001] The present disclosure relates to a display de-
vice and a method of operating a display device.

Background

[0002] Display devices generate heat during opera-
tion. Excessive heat can damage components of the dis-
play device, including for example light sources of the
display device and electronic devices of the display de-
vice, such as a mainboard and individual components on
the mainboard.

Summary

[0003] According to a first aspect disclosed herein,
there is provided a method of operating a display device,
the display device having a plurality of controllable light
sources for generating or illuminating an image, the
method comprising:

monitoring a temperature associated with the display
device; and
reducing the number of light sources that are gen-
erating or illuminating an image if the temperature
exceeds a threshold.

[0004] In an example, the temperature that is moni-
tored may be for example ambient temperature, in the
vicinity of the display device. In another example, the
temperature that is monitored may be for example a tem-
perature associated with a part of the display device, such
as a temperature of a display screen of the display device
or a temperature of a mainboard or an integrated circuit
or chip of the display device, such as for example an
integrated circuit or chip of a mainboard of the display
device. There may be different temperature thresholds
for the different parts or components of the display de-
vice, any of which may result in reducing the number of
light sources that are generating or illuminating an image
if the temperature exceeds the threshold.
[0005] In an example, the temperature threshold is de-
pendent on a current that is powering the light sources.
In an example, the temperature threshold is higher for a
smaller current that is powering the light sources and
lower for a higher current that is powering the light sourc-
es. In another example, the temperature threshold is de-
pendent on a total current that is being consumed by the
display device, again with for example a higher threshold
for a smaller total current and a lower threshold for a
higher total current.
[0006] In an example, the reducing the number of light
sources that are generating or illuminating an image com-
prises reducing the overall size of the image that is dis-
played on the display device such that fewer light sources

are required to generate or illuminate the image.
[0007] In an example, reducing the overall size of the
image comprises shrinking the image. In an example,
the aspect ratio of the image is preserved following the
shrinking of the image. In other examples, the aspect
ratio of the image is not preserved following the shrinking
of the image.
[0008] In an example, reducing the overall size of the
image comprises cropping the image. In an example, the
aspect ratio of the image is preserved following the crop-
ping of the image. In other examples, the aspect ratio of
the image is not preserved following the cropping of the
image.
[0009] In an example, reducing the number of light
sources that are generating or illuminating an image com-
prises switching off selected ones of the light sources. In
an example, the light sources that are switched off are
arranged in a substantially regular array across the dis-
play device.
[0010] According to a second aspect disclosed herein,
there is provided a display device comprising:

a plurality of controllable light sources for generating
or illuminating an image;
a temperature sensor for sensing a temperature as-
sociated with the display device; and
a controller;
the controller being constructed and arranged to re-
duce the number of light sources that are generating
or illuminating an image if the temperature exceeds
a threshold.

[0011] In an example, the controller stores a plurality
of different temperature thresholds which are dependent
on a current that is powering the light sources. In another
example, the controller stores a plurality of different tem-
perature thresholds which are dependent on a total cur-
rent that is being consumed by the display device.
[0012] In an example, the controller is arranged to re-
duce the number of light sources that are generating or
illuminating an image by reducing the overall size of the
image that is displayed on the display device such that
fewer light sources are required to generate or illuminate
the image.
[0013] In an example, the controller is arranged to re-
duce the overall size of the image by shrinking the image.
[0014] In an example, the controller is arranged to re-
duce the overall size of the image by cropping the image.
[0015] In an example, the controller is arranged to re-
duce the number of light sources that are generating or
illuminating an image by switching off selected ones of
the light sources.

Brief Description of the Drawings

[0016] To assist understanding of the present disclo-
sure and to show how embodiments may be put into ef-
fect, reference is made by way of example to the accom-
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panying drawings in which:

Figure 1 shows schematically an example of a dis-
play device displaying an image;

Figure 2 shows schematically the display device dis-
playing an image of reduced size;

Figure 3 shows schematically the display device dis-
playing an image of further reduced size;

Figure 4 shows schematically the display device dis-
playing a cropped image; and

Figure 5 shows schematically the display device dis-
playing an image with selected light sources
switched off.

Detailed Description

[0017] As mentioned and is well known, display devic-
es generate heat during operation. Excessive heat can
damage or affect the performance of components of the
display device, including for example light sources of the
display device and electronic devices of the display de-
vice, such as a mainboard and individual components on
the mainboard. Various arrangements for cooling a dis-
play device or individual components of a display device
are known. These typically include providing fans or even
air conditioning-type units to blow (cold) air across the
display device or the light sources. The use of fans and
the like adds to the cost and complexity of the display
device. Fans and air conditioning units are also another
source of potential failure. Also, fans and air conditioning
units and the like may not cool all of the components that
may get hot, including for example components on a
mainboard of the display device.
[0018] Excessive heat is a particular problem with dis-
play devices that are used outside, as in the case of for
example so-called "signage" which may be used for dis-
playing information, advertising, videos, etc. This is be-
cause the outside temperature can fluctuate over a wide
range (particularly compared with indoor temperatures
say) and also because of sunlight which may be directly
incident on the display device. Reliance on the use of
fans and air conditioning units and the like on outdoor
display devices is inconvenient and potentially risky as
the outdoor display device may not be maintained or even
seen by service personnel on a frequent basis, meaning
that a failure of the fans or air conditioning may not be
noticed for some time, which may be too late to avoid
damage to the display device.
[0019] In examples described herein, a display device
has a plurality of controllable light sources for generating
or illuminating an image. A temperature associated with
the display device is monitored. The number of light
sources that are generating or illuminating an image is
reduced if the temperature exceeds a threshold. This re-

sults in the temperature of the display device, or at least
certain components of the display device, being lowered,
preventing damage to the display device and its compo-
nents. Various options for reducing the number of light
sources that are generating or illuminating an image are
described.
[0020] Some examples of display devices described
herein may avoid the need for additional cooling meas-
ures, such as fans and air conditioning and the like. Al-
ternatively, some examples of display devices described
herein may at least reduce the reliance on additional cool-
ing measures, which may nevertheless be provided as
a further cooling arrangement in case temperatures are
very high and which may be provided by smaller, lower
power fans, air conditioners and the like than in prior art
arrangements that rely solely on such additional cooling
measures.
[0021] The light sources may be for example light
sources that are used in a backlit display screen. In a
backlit display device, the lit backlight has plural light
sources for emitting light. The light sources may be for
example LEDs (light emitting diodes). In a "direct-lit"
backlight, the light sources are arranged typically in a
regular array on a reflector panel. The light sources emit
light which is directed through a diffuser to a display pan-
el. The diffuser helps to reduce glare that can otherwise
occur. The display panel is formed of or includes a
number of display elements (which are also often referred
to as "pixels" as they typically correspond to pixels in the
image that is displayed). The display elements are con-
trollable so as to selectively transmit or prevent light from
the light sources passing through the display panel. The
display elements may be for example LCDs (liquid crystal
display devices). In a display device having a direct-lit
backlight, generally there is a light source for each display
element.
[0022] In other examples, the light sources may effec-
tively generate the pixels directly, i.e. the light from the
light source corresponds to the light required for that pixel
and no backlight is required. (The light sources may for
example generate coloured light or may generate white
light which is then passed through controllable coloured
filters so as to achieve different colours in the image.)
Display devices that generate the pixels directly include
for example display devices that use OLEDs (organic
light emitting diodes) and plasma technology.
[0023] Referring to Figure 1, there is shown schemat-
ically an example of display device 10. The display device
10 has a number of light sources for generating an image
(as in the case of for example display devices that use
OLEDs or plasma technology as the light sources) or for
illuminating an image (such as in the case of for example
an LCD screen, which may for example use LEDs as the
light sources). The display device 10 has a processing
unit 12. The processing unit 12 may be a separate device
which is in communication with the display device 10.
Alternatively, the processing unit 12 may be an integral
part of the display device 10. The processing unit 12 may
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be for example the mainboard 12 or part of the mainboard
12 of the display device 10. The processing unit 12 has
a processor, data storage, etc. (not shown).
[0024] The display device 10 is shown displaying an
image 14. In the example shown in Figure 1, display of
the image 14 requires that all of the light sources of the
display device 10 are active. That is, in Figure 1 the image
14 substantially fills the whole of the display area of the
display device 10. In general, therefore, and obviously
subject to details of the specific image that is being dis-
played at any particular time (for example, because some
pixels may be dark), in the configuration in Figure 1, the
heat that is being generated by the light sources will in
general be a maximum.
[0025] A temperature sensor 16 monitors a tempera-
ture associated with the display device 10. The temper-
ature sensor 16 is shown schematically in the drawings
as being a component of the processing unit 12. In other
examples, the temperature sensor 16 may be physically
located elsewhere, depending on the temperature that
is being monitored. For example, the temperature sensor
16 may monitor the ambient temperature in the region of
the display device 10 and therefore needs only to be lo-
cated somewhere in the vicinity of the display device 10.
As another example, the temperature that is monitored
may be the temperature of the display screen itself of the
display device 10 or the temperature of the mainboard
or some integrated circuit or chip of the display device
10, in which case the temperature sensor 16 may be
provided as a component of the mainboard or chip, etc.
[0026] The output of the temperature sensor 16 is
passed to the processor of the processing unit 12 which
monitors the temperature associated with the display de-
vice 10. If that temperature exceeds a threshold, then
the processor of the processing unit 12 reduces the
number of light sources that are generating or illuminating
the image 14. The temperature threshold may be a single
value or may be for example dependent on a current that
is powering the light sources, as discussed further below.
[0027] A number of options for reducing the number of
light sources that are generating or illuminating the image
14 are available.
[0028] Referring for example to Figure 2, in this exam-
ple, once it has been determined that the temperature
measured by temperature sensor 16 exceeds the tem-
perature threshold, the processing unit 12 causes the
overall size of the image to be reduced, in this example
by shrinking the image. That is, in this example, the ad-
justed image 14’ that is displayed is the same as the
original image 14 but smaller, and therefore has in es-
sence the same content as the original image 14 (al-
though subject to a slightly lower resolution). In an ex-
ample, the aspect ratio of the image (the ratio of the width
to the height of an image) is maintained when the image
is shrunk from its original size 14 to its reduced size 14’,
though in other examples this may not be necessary. The
shrinking of the image in this example is also carried out
such that the smaller image 14’ is displayed centrally of

the display device 10. In other examples, the reduced
size image 14’ may be located towards a particular edge
or corner of the display device 10.
[0029] In any event, the shrinking of the image means
that fewer light sources are required to generate or illu-
minate the image 14’. This is indicated schematically by
the black border 18 around the image 14’ in Figure 2,
which indicates schematically those light sources that
are no longer generating light. The result of this is that
the temperature of the display device 10, and particularly
various components of the display device 10, can drop
because less heat is being generated by the reduced
number of light sources that are active. Moreover, the
drive current that will be flowing through one or more
components of the mainboard will also be reduced, al-
lowing the temperature of those components to fall also.
[0030] The temperature continues to be monitored by
the processor 12 using the output from the temperature
sensor 16. If it is found that the temperature still exceeds
a threshold, then, in this example, the size of the image
can be reduced further. This is indicated schematically
in Figure 3, which shows a further reduced version of the
image 14". This results in a smaller number of light sourc-
es that are generating or illuminating the image 14". Cor-
respondingly, this results in a larger number of light sourc-
es that are no longer active, as indicated by the larger
black border 18’ in Figure 3 compared to the black border
18 shown in Figure 3.
[0031] Referring to Figure 4, in an alternative arrange-
ment, instead of reducing the size of the image 14 that
is displayed in order to reduce the number of active light
sources, the image 14 may instead be cropped around
one or more edges to result in a smaller image 14c. In
an example, the image is cropped evenly on all sides,
though in other examples the image may be cropped on
only one, two or three sides. In any event, the cropped
image 14c again results in fewer light sources being ac-
tive to generate or illuminate the image 14c. This is indi-
cated schematically in Figure 4 again by the black border
18 which indicates where light sources are not active.
[0032] Whether or not to shrink the image (as de-
scribed with reference to Figures 1 to 3) or to crop the
image (as described with reference to Figure 4) may be
an option that is available to the processor and which
may depend on for example the nature of the image that
is being displayed. For example, depending on the par-
ticular image, it may be that peripheral regions of the
image are substantially uniform and therefore can be re-
moved by cropping the image without any (significant)
loss of information or without (significantly) affecting the
aesthetics of the display for viewers. If on the other hand
the image is such that all components of the image are
important (as in the case of for example an image that is
displaying text-based information), then it may be better
to shrink the image than to crop the image. Image anal-
ysis techniques may be applied by the processor of the
processing unit 12 to determine whether it might be better
to shrink the image or crop the image for the particular
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image that is being displayed at any particular time in-
stant. A similar analysis may apply when deciding wheth-
er or not to preserve the aspect ratio of the original image
following shrinking or cropping of the image.
[0033] In another example, instead of reducing the
overall size of the image as described above, another
option is to switch off selected ones of the light sources
where the light sources that are switched off are spread
across the display panel of the display device 10. This is
illustrated schematically in Figure 5 by black dots 20 that
indicate the location of light sources that have been
switched off in this example. The light sources 20 that
are switched off in this example may be arranged in for
example a substantially regular array across the display
device 10. To illustrate this, if for example it is desired to
reduce the total number of active light sources by 1/6,
then every 6th light source in a row across the display
device 10 may be switched off. Successive rows of light
sources in the display device may start at a different light
source in the sense that in for example the first row, the
first, seventh, etc. light sources are switched off; in the
second row, the second, eighth, etc. light sources are
switched off; with the pattern repeating from row 7 on-
wards, etc. As another example, if it is desired to reduce
the total number of active light sources by 1/25, then eve-
ry 25th light source in a first row across the display device
10 may be switched off, with this being repeated for every
25th row of light sources of the display device 10 (with
no light sources being switched off in intermediate rows).
[0034] A number of different ways of arranging the
thresholds for temperature to result in a reduction of the
number of active light sources are possible. For example,
if the temperature exceeds a first, high threshold, then
the processor 12 may operate to reduce the number of
active light sources by a large number or proportion. On
the other hand, if the temperature only exceeds a second,
relatively lower threshold temperature, then the proces-
sor 12 may operate to reduce the number of active light
sources by a smaller amount or proportion.
[0035] As another example, the threshold temperature
that is used before the processor 12 operates to reduce
the number of active light sources may depend on the
drive current which is driving the light sources at that
particular time (or for example the total current that is
being consumed by the display device 10 at that partic-
ular time). For example, if the drive current is higher than
a lower temperature threshold may be used to result in
the number of active light sources being reduced and
vice versa. An example of this is illustrated in Table 1
below, which shows an example of different threshold
temperatures that are used for different drive currents
that are being used at any particular time to drive the light
sources. (The amounts for the temperatures and drive
currents that are shown are illustrative only.)

[0036] The advantage of this arrangement is that a
higher drive current is more likely to lead to rapid exces-
sive heating not only of the light sources but also of other
components of the display device, including certain com-
ponents of the mainboard of the display device, such as
(power) transistors that switch or control the drive current
provided to the light sources. Accordingly, the use of a
lower temperature threshold when the drive current is
higher results in safer operation and a display device 10
that is less likely to malfunction. Conversely, if a lower
drive current is being used, a higher ambient temperature
can be tolerated before action needs to be taken to re-
duce the number of active light sources.
[0037] In an example, once the number of light sources
that are generating or illuminating the image has been
reduced, the temperature continues to be monitored by
the processor 12. As mentioned for the first example
above, if the temperature continues to be above a thresh-
old, then the number of active light sources can be re-
duced further. On the other hand, if the temperature falls
below the threshold, then the number of light sources
that are generating or illuminating the image may be in-
creased again. That increase may be smaller than the
decrease in number of light sources that resulted in that
temperature drop in the first place. This may continue
until the temperature possibly rises above the threshold
again, in which case the number of active light sources
will be reduced again. In this way, the image may then
again be restored at least close towards its original size
or resolution.
[0038] In any of these examples, where the number of
active light sources is reduced when the temperature is
above a threshold, or the number of active light sources
is possibly increased again after a sufficient temperature
drop, such changes may be made relatively slowly and
potentially gradually so as to avoid the changes being
noticed by viewers (or at least causal viewers). That is,
by way of example, if it is desired to reduce the number
of active light sources by say 15%, it may be that in a
first period of time (of say a handful of seconds, such as
three seconds), the number of active light sources is re-
duced by 3%; then in the next period of time, the number
of light sources is reduced by the same 3% (i.e. three
percentage points), etc., until the desired total reduction
of the number of light sources that are active has been
achieved (in this case, by five small steps of 3% each).
[0039] It may be noted that this method can effectively
be carried out in reverse. For example, if the temperature
is recorded to be relatively low, then this indicates that a
higher drive current can be tolerated. This means that
with lower temperatures, a larger number of light sources
may be used to generate or illuminate the image without

Table 1

Temperature 30°C 35°C 40°C 45°C

Total Drive Current 2.5 A 2 A 1.5 A 1A
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causing problems from excessive heat. This might be of
particular interest at night time when ambient tempera-
tures tend to be lower, meaning that a larger number of
light sources can be used for the image. Alternatively, or
additionally, using these thresholds, the brightness of the
light sources may be increased to a maximum value and
yet still the temperature as measured by the temperature
sensor 16 is below the threshold. Either way, this can
help to make the image more noticeable to users at night,
when temperatures are generally lowest. This may be
particularly important in the case that the display device
is for controlling road traffic, where illuminated road signs
are important for night.
[0040] There may be different temperature thresholds
for the different parts or components of the display de-
vice, the temperature of each of which is monitored, and
any of which may result in reducing the number of light
sources that are generating or illuminating an image if
the temperature exceeds the threshold. For example,
there may be a temperature threshold of say 85°C for
the main integrated circuit that handles the video
processing, a temperature threshold of say 60°C for the
display screen itself of the display device 10 or the strings
of light sources (such as LEDs), etc.
[0041] It will be understood that the processor or
processing system or circuitry referred to herein may in
practice be provided by a single chip or integrated circuit
or plural chips or integrated circuits, optionally provided
as a chipset, an application-specific integrated circuit
(ASIC), field-programmable gate array (FPGA), digital
signal processor (DSP), graphics processing units
(GPUs), etc. The chip or chips may comprise circuitry
(as well as possibly firmware) for embodying at least one
or more of a data processor or processors and a digital
signal processor or processors, which are configurable
so as to operate in accordance with the exemplary em-
bodiments. In this regard, the exemplary embodiments
may be implemented at least in part by computer software
stored in (non-transitory) memory and executable by the
processor, or by hardware, or by a combination of tangi-
bly stored software and hardware (and tangibly stored
firmware).
[0042] Reference is made herein to data storage for
storing data. This may be provided by a single device or
by plural devices. Suitable devices include for example
a hard disk and non-volatile semiconductor memory.
[0043] Although at least some aspects of the embod-
iments described herein with reference to the drawings
comprise computer processes performed in processing
systems or processors, the invention also extends to
computer programs, particularly computer programs on
or in a carrier, adapted for putting the invention into prac-
tice. The program may be in the form of non-transitory
source code, object code, a code intermediate source
and object code such as in partially compiled form, or in
any other non-transitory form suitable for use in the im-
plementation of processes according to the invention.
The carrier may be any entity or device capable of car-

rying the program. For example, the carrier may comprise
a storage medium, such as a solid-state drive (SSD) or
other semiconductor-based RAM; a ROM, for example
a CD ROM or a semiconductor ROM; a magnetic record-
ing medium, for example a floppy disk or hard disk; optical
memory devices in general; etc.
[0044] The examples described herein are to be un-
derstood as illustrative examples of embodiments of the
invention. Further embodiments and examples are en-
visaged. Any feature described in relation to any one ex-
ample or embodiment may be used alone or in combi-
nation with other features. In addition, any feature de-
scribed in relation to any one example or embodiment
may also be used in combination with one or more fea-
tures of any other of the examples or embodiments, or
any combination of any other of the examples or embod-
iments. Furthermore, equivalents and modifications not
described herein may also be employed within the scope
of the invention, which is defined in the claims.

Claims

1. A method of operating a display device, the display
device having a plurality of controllable light sources
for generating or illuminating an image, the method
comprising:

monitoring a temperature associated with the
display device; and
reducing the number of light sources that are
generating or illuminating an image if the tem-
perature exceeds a threshold.

2. A method according to claim 1, wherein the temper-
ature threshold is dependent on a current that is pow-
ering the light sources.

3. A method according to claim 2, wherein the temper-
ature threshold is higher for a smaller current that is
powering the light sources and lower for a higher
current that is powering the light sources.

4. A method according to claim 1, wherein the temper-
ature threshold is dependent on a total current that
is being consumed by the display device.

5. A method according to any of claims 1 to 4, wherein
reducing the number of light sources that are gen-
erating or illuminating an image comprises reducing
the overall size of the image that is displayed on the
display device such that fewer light sources are re-
quired to generate or illuminate the image.

6. A method according to claim 5, wherein reducing the
overall size of the image comprises shrinking the im-
age.

9 10 
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7. A method according to claim 6, wherein the aspect
ratio of the image is preserved following the shrinking
of the image.

8. A method according to claim 5, wherein reducing the
overall size of the image comprises cropping the im-
age.

9. A method according to any of claims 1 to 4, wherein
reducing the number of light sources that are gen-
erating or illuminating an image comprises switching
off selected ones of the light sources.

10. A method according to claim 9, wherein the light
sources that are switched off are arranged in a sub-
stantially regular array across the display device.

11. A display device comprising:

a plurality of controllable light sources for gen-
erating or illuminating an image;
a temperature sensor for sensing a temperature
associated with the display device; and
a controller;
the controller being constructed and arranged
to reduce the number of light sources that are
generating or illuminating an image if the tem-
perature exceeds a threshold.

12. A display device according to claim 11, wherein the
controller stores a plurality of different temperature
thresholds which are dependent on at least one of a
current that is powering the light sources a total cur-
rent that is being consumed by the display device.

13. A display device according to claim 11 or claim 12,
wherein the controller is arranged to reduce the
number of light sources that are generating or illu-
minating an image by reducing the overall size of the
image that is displayed on the display device such
that fewer light sources are required to generate or
illuminate the image.

14. A display device according to claim 13, wherein the
controller is arranged to reduce the overall size of
the image by at least one of shrinking the image and
cropping the image.

15. A display device according to claim 11 or claim 12,
wherein the controller is arranged to reduce the
number of light sources that are generating or illu-
minating an image by switching off selected ones of
the light sources.
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