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(54) A METHOD, APPARATUS AND COMPUTER PROGRAM FOR ENCODING VISIBLE LIGHT 
COMMUNICATION INFORMATION IN AN IMAGE FRAME

(57) A method of encoding visible light communica-
tion information in an image frame to be displayed at a
display screen includes measuring the temperature (104)
of at least one portion of the display screen during use.
The method also includes encoding the visible light com-
munication information in the image frame so as to be
displayed at the at least one portion of the display screen.
This is done by setting at least one of the luminosity and
the hue of the pixels at the at least one portion of the
display screen dependent on the measured temperature
(104) of the at least one portion of the display screen.
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Description

Technical Field

[0001] The present disclosure relates to a method, ap-
paratus and computer program for encoding visible light
communication information in an image frame to be dis-
played at a display screen.

Background

[0002] Visible light communication is a data communi-
cation technique which uses visible light (ranging from
around 390nm to 700nm) to convey data. Visible light
communication is possible over a multitude of electronic
items that comprise a screen and that can be imaged
using a camera. Examples of such electronic items in-
clude televisions, personal computers, smartphones,
and smart watches, and display screens or display
screens generally. In one example, a video stream can
be encoded with visible light information, thereby trans-
mitting the visible light information when the encoded vid-
eo is output at the screen of an electronic device.

Summary

[0003] According to a first aspect disclosed herein,
there is provided a method of encoding visible light com-
munication information in an image frame to be displayed
at a display screen, the method comprising:

measuring the temperature of at least one portion of
the display screen during use; and
encoding the visible light communication information
in the image frame so as to be displayed at the at
least one portion of the display screen by setting at
least one of the luminosity and the hue of the pixels
at the at least one portion of the display screen de-
pendent on the measured temperature of the at least
one portion of the display screen.

[0004] Examples described herein allow for tempera-
ture changes that may occur in the display screen during
normal usage and can also allow for changes that may
occur over time from manufacture to actual usage. Ex-
amples described herein take into account the actual
temperature of one or more portions of the display screen
when determining how to encode the visible light com-
munication information in the image frame. This leads to
a better, more faithful presentation of the visible light com-
munication information in the image frame and reduces
the error rate when the visible light communication infor-
mation is read.
[0005] In an example, the method comprises measur-
ing the temperature of the at least one portion of the dis-
play screen only after the display screen has been on for
longer than a threshold time period.
[0006] In an example the method comprises:

measuring an initial temperature of a plurality of por-
tions of the display screen during manufacture of the
display screen;
storing data concerning the initial temperatures of
the portions of the display screen;
comparing the initial temperature of at least one por-
tion of the display screen at manufacture and the
measured temperature of at least one portion of the
display screen during field use; and
encoding the visible light communication information
in the image frame dependent on the measured tem-
perature of the at least one portion of the display
screen during field use if the difference between the
stored initial temperature of the at least one portion
of the display screen at manufacture and the meas-
ured temperature of the at least one portion of the
display screen during field use differs by more than
a threshold.

[0007] The initial temperature of the plurality of portions
of the display screen may be measured during manufac-
ture only after the display screen has been on for longer
than a threshold time period.
[0008] In an example setting the hue comprises ad-
justing one or more of the red, green and blue values
associated with the pixels at the at least one portion of
the display screen.
[0009] In an example each of the red, green and blue
values associated with the pixels at the at least one por-
tion of the display screen can be adjusted independently
of each other.
[0010] According to a second aspect disclosed herein,
there is provided an apparatus for encoding visible light
communication information in an image frame, the sys-
tem comprising:

circuitry for measuring the temperature of at least
one portion of a display screen during use; and
a processor constructed and arranged to encode vis-
ible light communication information in an image
frame so as to be displayed at the at least one portion
of the display screen by setting at least one of the
luminosity and the hue of the pixels at the at least
one portion of the display screen dependent on the
measured temperature of the at least one portion of
the display screen.

[0011] In an example the circuitry is arranged to meas-
ure the temperature only after the display screen has
been on for longer than a threshold time period.
[0012] In an example the apparatus comprises:

a data store for storing initial temperatures of a plu-
rality of portions of the display screen measured dur-
ing manufacture of the display screen; and
the processor being configured to:

compare the initial temperature of at least one
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portion of the display screen at manufacture and
the measured temperature of at least one por-
tion of the display screen during field use; and

encode the visible light communication information
in the image frame dependent on the measured tem-
perature of the at least one portion of the display
screen during field use if the difference between the
stored initial temperature of the at least one portion
of the display screen at manufacture and the meas-
ured temperature of the at least one portion of the
display screen during field use differs by more than
a threshold

[0013] In an example, the apparatus is arranged such
that the hue of the pixels are set by adjusting one or more
of the red, green and blue values associated with the
pixels at the at least one portion of the display screen.
[0014] In an example, the apparatus is arranged such
that each of the red, green and blue values associated
with the pixels at the at least one portion of the display
screen can be adjusted independently of each other.
[0015] According to a third aspect disclosed herein,
there is provided a computer program for encoding visible
light communication information in an image frame dis-
played by a display screen, the computer program com-
prising instructions such that when the computer program
is executed on a computing device, the computing device
is arranged to:

encode visible light communication information in an
image frame so as to be displayed at at least one
portion of the display screen by setting at least one
of the luminosity and the hue of the pixels at the at
least one portion of the display screen dependent on
a measured temperature of the at least one portion
of the display screen.

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-
panying drawings in which:

Figure 1 shows schematically an example system
for setting properties of at least one portion of a dis-
play screen;

Figure 2 shows schematically an example device for
outputting visible light communication encoded con-
tent.

Detailed Description

[0017] As mentioned previously, visible light commu-
nication information can be added to content which is to
be displayed on a screen. Display screens are used in

many different types of consumer apparatus including
for example television screens, computer displays and
displays for other computing devices, including smart-
phones, tablet computers, laptop computers, etc. Display
screens are also used in many public environments in
so-called "signage", for example, for displaying adver-
tisements or for information or entertainment that is of
interest to a larger audience.
[0018] Known displays, including for example LCD (liq-
uid-crystal display) screens, OLED (organic light emitting
diode) screens, inorganic LED screens and plasma
screens, are sensitive to temperature changes. Heat is
generated in use by component parts of a device com-
prising the display screen, such as backlight units, power
sources or motherboards, which can cause the temper-
ature of the display screen to rise, and also the temper-
ature of some parts of the display screen may increase
more than other parts. Such temperature changes can
cause the appearance of colours and/or light intensity
put out by the display screen to device to vary from their
expected appearance.
[0019] Excessive heat is a particular problem with large
display screens and display screens that are used out-
side, as in the case of for example so-called "signage"
which may be used for displaying information, advertis-
ing, videos, etc. This is because the outside temperature
can fluctuate over a wide range (particularly compared
with indoor temperatures say) and also because of sun-
light which may be directly incident on the display screen.
[0020] Described herein is a method of encoding visi-
ble light communication information in an image frame
to be displayed at a display screen. The method includes
measuring the temperature of at least one portion of the
display screen. The measured temperature is used to set
at least one of the luminosity and the hue of the pixels at
the at least one portion of the display screen. Visible light
communication information is encoded in the image
frame based on the measured temperature the at least
one portion of the display screen so as to be displayed
at the at least one portion of the display screen.
[0021] When all or parts of a display screen increase
in temperature, the appearance of visible light commu-
nication information encoded in images/videos being out-
put via the display screen is susceptible to distortion.
Therefore, incorrect visible light communication informa-
tion, if any at all in some cases, may be transmitted from
the display screen to a recipient device. Examples de-
scribed herein adapt the appearance of the visible light
communication as encoded, having taken into consider-
ation the temperature of the corresponding portion of the
display screen at which the visible light communication
is to be displayed.
[0022] Figure 1 shows an example system 100 for de-
termining the temperature of one or more portions of a
display screen, and to set at least one of the luminosity
and hue values used for encoding visible light commu-
nication information in the pixels associated with the one
or more portions of the display screen based on the
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measured temperature(s). The system 100 carries out a
temperature check 102 to determine the temperature of
one or more portions of the display screen when im-
age/video information to be/being displayed at the dis-
play screen is encoded with visible light communication
information. The temperature check 102 may for example
determine the temperature of the entire display screen
as a whole or separately of one or more portions of the
display screen. The temperature check 102 may in one
example be circuitry arranged to measure field use tem-
perature 104 of the at least one portion of the display
screen when an image/video to be displayed at the dis-
play screen is encoded with visible light communication
information. The measure field use temperature 104 of
the at least one portion of the display screen is used to
determine the luminosity and/or hue of the at least one
portion of the display screen that is to be used when
encoding visible light communication information in an
image frame for display at the display screen.
[0023] In one example, determining the hue of the dis-
play screen may comprise determining the RGB (red,
green and blue) values for pixels or groups of pixels as-
sociated with the at least one portion of the display
screen. RGB pixels of a display screen typically comprise
3 sub-pixels: red, green and blue (and optionally others,
in other schemes, such as RGB and yellow, RGB and
white, etc.). The output of at least one of the RGB sub-
pixels may be modified to take into account the current
temperature of the display screen at that part of the dis-
play screen. The values used for each of the sub-pixels
may be independently increased or decreased as nec-
essary. The luminosity and/hue of the display screen may
be determined by a display modifier 106.
[0024] In one example, the temperature check 102 de-
termines whether the temperature of the display screen
in use is above or below a threshold value. If the temper-
ature is below the threshold value, pre-defined default
luminosity and/or hue settings are used at the display
screen when visible light communication information is
encoded in an image frame displayed at the display
screen or at different portions of the display screen. If the
temperature is above the threshold value, the luminosity
and/or hue settings are modified such that the visible light
information encoded in the image/video is not distorted
by the temperature of the display screen or different tem-
peratures at different portions of the display screen. This
may, for example, involved increasing/decreasing the lu-
minosity and/or hue values of the display screen. In an-
other example, the threshold value may be a temperature
range. In this example if at least one portion of the display
screen falls within the threshold temperature range, the
luminosity and/or hue of the at least one portion of the
display screen are kept at the default predetermined val-
ue(s) when encoding the visible light information. Con-
versely, if the temperature of the display screen is outside
the threshold temperature range, the luminosity and/or
hue of the at least one portion of the display screen are
modified such that the visible light information encoded

in the image/video is not distorted by the temperature of
the display screen or different temperatures at different
portions of the display screen.
[0025] In one example, the temperature check 102 de-
termines whether the measure field use temperature 104
of the display screen in use is above or below an initial
temperature reading(s) 108 of the device. The initial tem-
perature reading(s) 108 may be for one or more portions
of the display screen arranged to display visible light com-
munication information encoded in an image frame. Op-
tionally, the initial temperature reading(s) 108 is/are
stored at an initial temperature reading data store or
"look-up" table 110.
[0026] The initial temperature reading(s) 108 of the dis-
play screen may be taken after the display screen has
been functioning for a pre-determined period of time. In
one example, after manufacture, the display screen is
arranged to function for a predetermined manufacture
"warm-up" time. The warm-up time is required to allow
all components of and relating to the display screen to
reach a normal functioning temperature. Once the dis-
play screen has been functioning for the warm-up time,
an initial temperature reading(s) 108 of at least one por-
tion of the display screen is taken. The initial temperature
reading(s) 108 may be for each pixel or even sub-pixel
(e.g. the RGB sub-pixels) of the display screen.
[0027] Subsequently, the display screen will be used
by end users in the field. The display screen is turned on
and allowed to function for a field use "warm-up" time.
The field use warm up time may be the same as or dif-
ferent from the manufacture warm up time. Having dif-
ferent warm-up times may be particularly important in
devices exposed to extreme temperatures or wide tem-
perature ranges, such as for example so-called "signage"
display screens. Again, the field use warm-up time allows
all components of and relating to the display screen reach
a normal functioning temperature. Once the display
screen has been functioning for the field use warm-up
time, the field use temperature 104 of at least one portion
of the display screen is determined when visible light
communication information is to be added to an im-
age/video for display at the display screen.
[0028] In an example, the temperature check 102 is
arranged to compare the field use temperature reading
104 for the at least one portion of the display screen and
the initial temperature reading 108 for the at least one
portion of the display screen when visible light commu-
nication information is to be added to an image/video for
display at the display screen. Optionally, the temperature
check 102 receives the initial temperature reading 108
from the data store/"look-up" table 110.
[0029] In an example, when the field use temperature
104 of the at least one portion of the display screen is
determined to be below the initial temperature reading
108, pre-defined default luminosity and/or hue values are
applied/maintained to the at least one portion of the dis-
play device when visible light communication information
is to be added to an image/video for display at the display
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screen. Conversely, when the field use temperature 104
of at least one portion of the display screen is determined
to be above the initial temperature reading 108 when
visible light communication information is to be added to
an image/video for display at the display screen, the dis-
play modifier 106 of the visible light communication coder
104 is arranged to modify the settings of the display
screen to prevent unwanted modifications from occurring
to the visible light communication information that is to
be encoded to content being displayed at the display de-
vice.
[0030] In one example, when an image/video for dis-
play at the display screen is arranged to be encoded with
visible light communication information, the temperature
check 102 may be arranged to determine the field use
temperature 104 of the display screen at regular intervals
of time. Alternatively or additionally, the temperature
check 102 may be triggered to measure the temperature
of the display screen once the display screen reaches a
threshold temperature.
[0031] In a specific example to illustrate this, a display
screen is arranged to display an image/video encoded
with visible light communication information. After the dis-
play screen has been functioning over a field usage warm
up time, a field use temperature reading 104 may be tak-
en to determine the temperature of at least one portion
of the display screen. In this example, the field use tem-
perature reading 104 is compared with an initial temper-
ature 108 of the at least one portion of the display screen.
The initial temperature 108 may be stored in a data store
or "look-up table" 110. In this example, the temperature
check 102 determines that the field use temperature 104
is different from the initial temperature 108, the difference
being above a predefined threshold value.
[0032] In one example, the VLC (visible light commu-
nication) coder 112 determines the location of the at least
one portion of the display screen exhibiting the highly
different field use temperature 104 on the display screen.
Initially, in a specific example for illustrative purposes,
the portion of the display screen exhibits an RGB value
of 200, 150, 200. Upon determining that the portion of
the display screen is exhibiting a highly different field use
temperature 104, a display modifier 106 of the VLC coder
112 is arranged to set new luminosity and/or hue values
of the display screen. In this example, the RGB value of
the at least one portion of the display screen is set at
180,170, 210. New luminosity and/or hue values to be
applied to a display screen may be stored at a data store
or "look-up" table, or calculated on-the-fly.
[0033] When the image/video of this specific example
is encoded with visible light communication information,
the hue of the at least one portion of the display screen
in this example is amended such that the visible light
communication information transmitted from the display
screen is correct and unaffected by the temperature of
the display screen. The VLC coder 112 accommodates
non-linearities arising from different temperatures of por-
tions of the display, thereby ensuring the visible light com-

munication information encoded in the image/video is
able to be received correctly by a receiver.
[0034] Figure 2 shows an example device comprising
a display device 200 for displaying an image/video that
has been encoded with visible light communication infor-
mation. Examples of the device 200 include television
sets and so-called signage apparatus. The device 200
comprises a display screen 202, the luminosity and/or
hue of at least one part of which is determined by the
temperature of the display screen 202 when in use, when
the image/video is encoded with visible light communi-
cation information. The device 200 is in this example ar-
ranged to receive image/video information from a set-top
box 204. In other examples, the image/video information
may be from a data storage, for examples from a wired
connection such as an Ethernet network connection or
an HDMI connection, etc., or a wireless connection, such
as a WiFi connection. In an example, the image/video
information may be received from a data storage of a
device (e.g. a mobile phone or tablet computer or other
computing device). The image/video information may, in
another example, be from another source, such as a DVD
or Blu Ray or the like player, or a terrestrial, satellite or
cable broadcast. The received image/video information
will be encoded with visible light communication informa-
tion, to be displayed at the display screen 202. An im-
age/video be encoded with visible light communication
information by a component of the display device 200,
or by a separate component or device that is able to com-
munication with the display device 200.
[0035] 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, a digital signal
processor or processors, baseband circuitry and radio
frequency circuitry, which are configurable so as to op-
erate in accordance with the exemplary embodiments.
In this regard, the exemplary embodiments may be im-
plemented at least in part by computer software stored
in (non-transitory) memory and executable by the proc-
essor, or by hardware, or by a combination of tangibly
stored software and hardware (and tangibly stored
firmware).
[0036] 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.
[0037] 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
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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.
[0038] 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 encoding visible light communication
information in an image frame to be displayed at a
display screen (202), the method comprising:

measuring the temperature (104) of at least one
portion of the display screen (202) during use;
and
encoding the visible light communication infor-
mation in the image frame so as to be displayed
at the at least one portion of the display screen
(202) by setting at least one of the luminosity
and the hue of the pixels at the at least one por-
tion of the display screen (202) dependent on
the measured temperature (104) of the at least
one portion of the display screen (202).

2. A method according to claim 1, comprising:

measuring the temperature (104) of the at least
one portion of the display screen (202) only after
the display screen (202) has been on for longer
than a threshold time period.

3. A method according to claim 1 or claim 2, comprising:

measuring an initial temperature (108) of a plu-
rality of portions of the display screen (202) dur-
ing manufacture of the display screen (202);

storing data concerning the initial temperature
(108) of the portions of the display screen (202);
comparing the initial temperature (108) of at
least one portion of the display screen (202) at
manufacture and the measured temperature
(104) of at least one portion of the display screen
(202) during field use; and
encoding the visible light communication infor-
mation in the image frame dependent on the
measured temperature (104) of the at least one
portion of the display screen (202) during field
use if the difference between the stored initial
temperature (108) of the at least one portion of
the display screen (202) at manufacture and the
measured temperature (104) of the at least one
portion of the display screen (202) during field
use differs by more than a threshold.

4. A method according to any of claims 1 to 3, wherein
setting the hue comprises adjusting one or more of
the red, green and blue values associated with the
pixels at the at least one portion of the display screen
(202).

5. A method according claim 4, wherein each of the
red, green and blue values associated with the pixels
at the at least one portion of the display screen (202)
can be adjusted independently of each other.

6. An apparatus for encoding visible light communica-
tion information in an image frame, the apparatus
comprising:

circuitry for measuring the temperature (104) of
at least one portion of a display screen (202)
during use; and
a processor constructed and arranged to en-
code visible light communication information in
an image frame so as to be displayed at the at
least one portion of the display screen (202) by
setting at least one of the luminosity and the hue
of the pixels at the at least one portion of the
display screen (202) dependent on the meas-
ured temperature (104) of the at least one por-
tion of the display screen (202).

7. An apparatus according to claim 6, wherein the cir-
cuitry is arranged to measure the temperature (104)
only after the display screen (202) has been on for
longer than a threshold time period.

8. An apparatus according to claim 6 or claim 7, com-
prising:

a data store (110) for storing initial temperature
(108)s of a plurality of portions of the display
screen (202) measured during manufacture of
the display screen (202); and
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the processor being configured to:

compare the initial temperature (108) of at
least one portion of the display screen (202)
at manufacture and the measured temper-
ature (104) of at least one portion of the dis-
play screen (202) during field use; and

encode the visible light communication informa-
tion in the image frame dependent on the meas-
ured temperature (104) of the at least one por-
tion of the display screen (202) during field use
if the difference between the stored initial tem-
perature (108) of the at least one portion of the
display screen (202) at manufacture and the
measured temperature (104) of the at least one
portion of the display screen (202) during field
use differs by more than a threshold.

9. An apparatus according to any of claims 6 to 8, ar-
ranged such that the hue of the pixels are set by
adjusting one or more of the red, green and blue
values associated with the pixels at the at least one
portion of the display screen (202).

10. An apparatus according to claim 9, arranged such
that each of the red, green and blue values associ-
ated with the pixels at the at least one portion of the
display screen (202) can be adjusted independently
of each other.

11. A computer program for encoding visible light com-
munication information in an image frame displayed
by a display screen (202), the computer program
comprising instructions such that when the computer
program is executed on a computing device, the
computing device is arranged to:

encode visible light communication information
in an image frame so as to be displayed at at
least one portion of the display screen (202) by
setting at least one of the luminosity and the hue
of the pixels at the at least one portion of the
display screen (202) dependent on a measured
temperature (104) of the at least one portion of
the display screen (202).
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