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(54) Aging compensation for display boards comprising light emitting elements

(57) The present invention provides a display board
(30) comprising an array of light emitting elements (31),
a driving means (32) for driving the light emitting elements
(31) with image data, and an aging determination means
(33). The aging determination means (33) comprises one
or more light emitting elements for emitting light repre-
sentative of the light emitted by the light emitting elements
(31) of the display board (30), and at least o ne reference
light emitting element (35) which, during use of the dis-
play board (30) is not driven. At the time of a n interme-

diate calibration, the at least one reference light emitting
element (35) is driven with calibration data and the light
emitted by the reference light emitting element (35) is
measured, as well as light representative of the light emit-
ted by the light emitting elements. The difference be-
tween the light emitted by the at least one reference light
emitting element (35) and the light representative of the
light emitted by the light emitting elements is a measure
for the degree of aging of the light emitting elements (31)
of the array.
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Description

Technical field of the invention

�[0001] The present invention relates to display boards
comprising light emitting elements and methods of con-
structing and operating these. More particularly, the p
resent invention relates to aging of the light emitting el-
ements of such display boards and methods of operating
these taking into account aging.

Background of the invention

�[0002] Electronic displays can use transmissive or
emissive materials to generate pictures or light. Emissive
materials are usually phosphorescent or electrolumines-
cent materials. Examples are inorganic electrolumines-
cent materials such as applied in thin film and thick film
electroluminescent displays (EL-�displays, for example
thin film TFEL displays as manufactured by Sharp, Pla-
nar, L iteArray or iFire/�Westaim) or light emitting diodes
(LEDs),. Another group is organic electroluminescent
materials (such as Organic Light Emitting Diode or OLED
materials) deposited in layers comprising small molecule
or polymer technology or phosphorescent OLED, where
the electroluminescent materials are doped with a phos-
phorescent material. Yet another group of materials are
phosphors, commonly used in the well-�established cath-
ode ray tubes (CRT) or plasma displays (PDP) and even
in emerging technologies like laser diode projection dis-
plays where the laser beam is used to excite a phosphor
imbedded in a projection screen.
�[0003] Two basic types of displays exist: fixed format
displays which comprise a matrix or array of "cells" or
"pixels" that are individually addressable, each producing
or controlling light over a small area, and displays without
such a fixed format, such as scanning electron beam
displays, e.g. a CRT display. Fixed format relates to pix-
elation of the display as well as to the fact that individual
parts of the image signal are assigned to specific pixels
in the display.
�[0004] Tiled displays may comprise modules made up
of tiled arrays which are themselves tiled into supermod-
ules. Modular or tiled emissive displays, such as e.g. tiled
LED or OLED displays, are made from smaller modules
or display boards that are then combined into larger tiles.
These tiled emissive displays or display tiles are manu-
factured as a complete unit that can be further combined
with other display tiles to create displays of any size and
shape.
�[0005] All light emitting elements on display boards
and display tiles can be formed from different batches,
can have different production dates, different run times,
etc, i.e. they can have different properties. In the factory,
i.e. before real use, all light emitting element products
are calibrated under controlled circumstances. However,
there is one parameter which can only be compensated
based on statistical data and not on actual data, and that

is the aging or degradation of the light emitting elements
when they are being used. Age differences occur, for
example, due to the varying ON times of the individual
light emitting elements (i.e., the amount of time that the
light emitting elements have been active) and due to tem-
perature variations within a given display area.
�[0006] For large- �screen applications, where the dis-
play may consist of a set of tiled display boards, there is
the possibility that one display will age at a faster rate
than another, because of varying ON times of its light
emitting elements and/or because of temperature differ-
ences. Typically, when a tiled display is manufactured,
it is calibrated for a uniform image. The challenge in a
display comprising light emitting elements is to make its
light output uniform, i.e. to make all light emitting ele-
ments on the display board to have the same brightness,
even after having been used.
�[0007] In EP 1 158 483 a system 10 is described which
corrects for the aging of the pixels in a display. The sys-
tem 10 comprises a solid- �state display device 12. The
system 10 uses reference pixels 14 to enable the meas-
urement of pixel performance and a feedback mecha-
nism responsive to the measured pixel performance to
modify the operating characteristics of the display device
10 (see Fig. 1). The characteristics of the reference pixels
14 are measured by a measurement circuit 18 and the
information gathered thereby is connected to an analysis
circuit 20. The analysis circuit 20 produces a feedback
signal that is supplied to a control circuit 22. The control
circuit 22 modifies the operating characteristics of the
image display 10 through control lines 24.
�[0008] According to EP 1 158 483, the measurement
circuit 18 monitors the performance of the reference pixel
14. The measured performance values are compared to
the expected or desired performance by the analysis cir-
cuit 20. These comparisons can be based on a priori
knowledge of the characteristics of the device 12 or sim-
ply compared to some arbitrary value empirically shown
to give good performance. In either case, once a deter-
mination is made that the performance of the device 12
needs to be modified, the analysis circuitry 20 signals
the feedback and control mechanism which then initiates
the change.
�[0009] In the system 10 according to EP 1 158 483,
however, errors in the measurement circuit 18 can lead
to errors in the correction or change. Furthermore, the
value the measured performance values are compared
to is not exactly measured under the same circumstances
as the measured performance values and thus can in-
clude small deviations from a reference value which
would be measured under the same circumstances as
the performance value. This could lead to errors in the
correction or change.

Summary of the invention

�[0010] It is an object of the present invention to provide
good display boards and a good method for determining
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aging of light emitting elements in such a display board.
�[0011] The above objective is accomplished by a meth-
od and device according to the present invention.
�[0012] In a first aspect, the present invention provides
a display board comprising an array of addressable light
emitting elements and driving means for driving the light
emitting elements with image data. The display board
furthermore comprises aging determination means com-
prising:�

at least one reference light emitting element, the driv-
ing means being adapted for driving the at least one
reference light emitting element with calibration data,
light measurement means for measuring light emit-
ted by the reference light emitting element, and for
measuring light representative of the light emitted by
the light emitting elements, and
comparison means for comparing measured light
emitted by the reference light emitting element with
measured light representative of the light emitted by
the light emitting elements and for, based on the
comparison result, deciding on aging of the light
emitting elements in the array.

�[0013] Light representative of the light emitted by the
light emitting elements may be light emitted by the light
emitting elements themselves. Alternatively, this may be
light emitted by a reference light emitting element.
�[0014] In embodiments of the present invention, the
light emitting elements and the at least one reference
light emitting element may be of different types, i.e. light
emitting elements having different performance proper-
ties. For example the light emitting elements of the dis-
play board may be power LEDs and the at least one ref-
erence light emitting element may be a cheaper type of
LEDs such as SMD LEDs.
�[0015] In alternative embodiments of the present in-
vention, the light emitting elements of the display board
and the at least one reference light emitting element may
be of the same type, i.e. have same performance prop-
erties. They may for example be both power LEDs, or
they may both be SMD LEDs.
�[0016] In an embodiment, the present invention pro-
vides a display board comprising an array of addressable
light emitting elements and driving means for driving the
light emitting elements with image data. The display
board furthermore comprises aging determination
means comprising: �

- at least a first and second reference light emitting
element, the driving means being adapted for driving
the first reference light emitting element at first mo-
ments in time with reference data equal to a value
derived from the image data for driving the light emit-
ting element of the array and with first calibration
data at second moments in time, and for driving the
second reference light emitting element at the sec-
ond moments in time with second calibration data,

- light measurement means for measuring light emit-
ted by the first and second reference light emitting
element, and

- comparison means for comparing measured light
emitted by the first reference light emitting element
with measured light emitted by the second reference
light emitting element and for, based on the compar-
ison result, deciding on aging of the light emitting
element in the array.

�[0017] With first moments in time is meant the mo-
ments at which the display is running, in other words,
when the light emitting elements of the array are driven
with image data. With second moments in time is meant
the moments at which intermediate calibrations are per-
formed.
�[0018] An advantage of the display board according to
embodiments of the invention is that both the reference
and the aged value are determined on a same display
board. This leads to more reliable and more correct de-
termination of aging with respect to prior art devices
where the aged value is compared to pre-�determined val-
ues.
�[0019] According to embodiments of the invention, the
value derived from the image data may be an average
value of the image data.
�[0020] The display board may furthermore comprise
compensation means for compensating the light emitting
elements in the array for aging based on the decision on
aging. However, according to other embodiments, the
compensation means may also be located outside the
display board.
�[0021] An advantage hereof is that at every moment
in time, compensation for aging differences between the
light emitting elements of the array can be performed.
�[0022] The display board may furthermore comprise a
controller for controlling the driving means.
�[0023] According to embodiments of the invention, the
array of flight emitting elements may be provided at a
first side of the display board and the first and second
reference light emitting elements may be provided at a
second side of the display board, the second side being
opposite to the first side.
�[0024] An advantage hereof is that adding the first and
second reference light emitting elements does not alter
the size of the display board a nd does not disturb the
image as it is not part of the array of display elements.
�[0025] According to other embodiments of the inven-
tion, the array of light emitting elements may be provided
at a first side of the display board and the first reference
light emitting element may be provided at the first side
of the display board and the second reference light emit-
ting element may be provided at a second side of the
display board, the second side being opposite to the first
side.
�[0026] According to still other embodiments of the in-
vention, the first and second reference light emitting el-
ements may be provided at a same side of the display
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board as the array of light emitting elements.
�[0027] According to some embodiments, the first ref-
erence light emitting device may be part of the array of
light emitting devices.
�[0028] In particular embodiments, the first and second
reference light emitting elements may be coupled to a
same light measurement means.
�[0029] An advantage hereof is that there is not only
compensated for aging of the display light emitting ele-
ments, but that there is also compensated for aging drift
of the light measurement means, e.g. photodiode or pho-
totransistor. This is because if the difference is made
between the measurements both performed by a same
light measurement means, possible errors emanating
from the light measurement means can be exclude ex-
cluded.
�[0030] The light measurement means may comprise
at least one photodetector or phototransistor.
�[0031] According to embodiments of the invention, the
display board may comprise light emitting elements of
different colours and a first and a second reference light
emitting element may be provided for each colour.
�[0032] According to other embodiments of the inven-
tion, the display board may comprise multi-�coloured light
emitting elements and the aging determination means
may comprise one first and one second reference light
emitting element, the first and second light emitting ele-
ments being multi- �coloured light emitting elements.
�[0033] The light emitting elements of the array may be
LEDs.
�[0034] The display board according to embodiments
of the invention may be incorporated in a display tile.
�[0035] A plurality of display tiles may form a display.
�[0036] In a second aspect, the present invention pro-
vides a method for determining aging of a display board,
the display board comprising an array of light emitting
elements, driving means for driving the light emitting el-
ements with image data, and at least one reference light
emitting element. The method comprises: �

measuring light representative of the light emitted by
the light emitting elements,
driving the reference light emitting element with cal-
ibration data and measuring light emitted by the ref-
erence light emitting element, and
comparing the light representative of the light emitted
by the light emitting elements with the light emitted
by the reference light emitting element and, based
on the comparison result, deciding on aging of the
light emitting elements in the array.

�[0037] It is an advantage of embodiments of the
present invention that a reference light emitting element
essentially not driven, so not showing ageing effect, is
on-�board of the display board. Such reference light emit-
ting element may be of the same type or of different type
compared to the light emitting elements of the display
board.

�[0038] Measuring light representative of the light emit-
ted by the light emitting elements may comprise meas-
uring light emitted by the light emitting elements them-
selves.
�[0039] In an alternative embodiment measuring light
representative of the light emitted by the light emitting
elements may comprise measuring light emitted by a ref-
erence light emitting element. In this embodiment, a
method is provided for determining aging of a display
board, the display board comprising an array of light emit-
ting elements, driving means for driving the light emitting
elements with image data and at least a first and second
reference light emitting elements. The method compris-
es: �

- driving the first reference light emitting element with
first calibration data and measuring light emitted by
the first reference light emitting element,

- driving the second reference light emitting element
with second calibration data and measuring light
emitted by the second light emitting element, and

- comparing the light emitted by the first light emitting
element with the light emitted by the second light
emitting element and, based on the comparison re-
sult, deciding on aging of the light emitting elements
in the array.

�[0040] An advantage of the method according to em-
bodiments of the invention is that both the reference and
the aged value are determined on a same display board.
This leads to more reliable and more correct determina-
tion of aging with respect to prior art devices where the
aged value is compared to pre-�determined values.
�[0041] The first calibration data may be equal to or may
be different from the second calibration data.
�[0042] The method may comprise before driving the
first and second reference light emitting elements with
first and second reference data respectively, driving the
light emitting elements of the display board with image
data and driving the first reference light emitting element
with a value derived from the image data.
�[0043] According to embodiments of the invention, the
value derived from the image data may be an average
value of image data.
�[0044] In a further aspect of the invention, a method is
provided for calibrating a display board, the display board
comprising an array of light emitting elements. The meth-
od comprises:�

- determining the degree of aging of the light emitting
elements of the array in accordance with a method
according to embodiments of the invention, and

- compensating the light emitting elements in the array
for aging based on the determined degree of aging.

�[0045] Compensating the light emitting element in the
array for aging may be performed by adapting a driving
parameter of the light emitting elements of the array.
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�[0046] According to embodiments of the invention, the
driving parameter may be a voltage.
�[0047] According to other embodiments of the inven-
tion, the driving parameter may be a current.
�[0048] Particular and preferred aspects of the inven-
tion are set out in the accompanying independent and
dependent claims. Features from the dependent claims
may be combined with features of the independent claims
and with features of other dependent claims as appro-
priate and not merely as explicitly set out in the claims.
�[0049] Although there has been constant improve-
ment, change and evolution of devices in this field, the
present concepts are believed to represent substantial
new and novel improvements, including departures from
prior practices, resulting in the provision of more efficient,
stable and reliable devices of this nature.
�[0050] The above and other characteristics, features
and advantages of the present invention will become ap-
parent from the following detailed description, taken in
conjunction with the accompanying drawings, which il-
lustrate, by way of example, the principles of the inven-
tion. This description is given for the sake of example
only, without limiting the scope of the invention as defined
by the claims. The reference figures quoted below refer
to the attached drawings.

Brief description of the drawings

�[0051]

Fig. 1 illustrates a display device according to the
prior art.
Fig. 2 is a block- �schematic diagram of a device in
accordance with embodiments of the present inven-
tion.
Fig. 3A and Fig. 3B illustrate a display board accord-
ing to an embodiment of the invention.
Fig. 4A and Fig. 4B illustrate a display board accord-
ing to another embodiment of the invention.
Fig. 5 illustrates a display board according to a further
embodiment of the invention.
Fig. 6 illustrates a display board according to yet an-
other embodiment of the invention.
Fig. 7 is a flow diagram of a method according to
embodiments of the present invention.
Fig. 8 is a flow diagram of an initialisation phase of
a method according to embodiments of the present
invention, in case the first and second reference
LEDs are of the same type as the display LEDs.
Fig. 9 is a flow diagram of in-�field recalibration in
accordance with an embodiment of the present in-
vention in the same circumstances as for Fig. 8.
Fig. 10 is a flow diagram of an initialisation phase of
a method according to embodiments of the present
invention, in case the reference LEDs are of different
type as the display LEDs.
Fig. 11 is a flow diagram of in-�field recalibration in
accordance with an embodiment of the present in-

vention in the same circumstances as for Fig. 10.

�[0052] In the different figures, the same reference
signs refer to the same or analogous elements.

Description of illustrative embodiments

�[0053] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-�limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes. The dimensions
and the relative dimensions do not correspond to actual
reductions to practice of the invention.
�[0054] Furthermore, the terms first, second, third and
the like in the description and in the claims, are used for
distinguishing between similar elements and not neces-
sarily for describing a sequential or chronological order.
It is to be understood that the terms so used are inter-
changeable under appropriate circumstances and that
the embodiments of the invention described herein are
capable of operation in other sequences than described
or illustrated herein.
�[0055] It is to be noticed that the term "comprising",
used in the claims, should not be interpreted as being
restricted to the means listed thereafter; it does not ex-
clude other elements or steps. It is thus to be interpreted
as specifying the presence of the stated features, inte-
gers, steps or components as referred to, but does not
preclude the presence or addition of one or more other
features, integers, steps or components, or groups there-
of. Thus, the scope of the expression "a device compris-
ing means A and B" should not be limited to devices con-
sisting only of components A and B. It means that with
respect to the present invention, the only relevant com-
ponents of the device are A and B.
�[0056] With "light" in the present invention is meant
electromagnetic radiation with a wavelength between
375 and 1 000 nm, i.e. visible light, IR radiation, near IR
and UV radiation.
�[0057] The invention will now be described by a de-
tailed description of several embodiments of the inven-
tion. It is clear that other embodiments of the invention
can be configured according to the knowledge of persons
skilled in the art without departing from the true spirit or
technical teaching of the invention, the invention being
limited only by the terms of the appended claims.
�[0058] The present invention, in embodiments thereof,
provides a display board comprising an array of light emit-
ting elements, e.g. LEDs, and age determination means,
as well as a method for detecting aging of a display board.
The method according to embodiments of the present
invention yields data which can then be used for adapting
the driving of the light emitting elements of the array, e.g.
LEDs, so as to correct for decreasing light intensity be-
cause of aging of the light emitting elements, e.g. LEDs,
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of the array.
�[0059] Embodiments of the present invention may be
applied to passive or active matrix displays and to mon-
ochrome or colour displays. Furthermore, the displays
may be flat or curved displays. The boards and/or tiles
optionally used in such displays may be flat or curved
themselves as well.
�[0060] When in the description and claims is referred
to an array of light emitting elements, e.g. LEDs, a struc-
ture is meant in which the light emitting elements, e.g.
LEDs, are logically organised in rows and columns. The
terms "column" and "row" are used to describe sets of
the array of light emitting elements, e.g. LEDs, which are
linked together. The linking can be in the form of a Car-
tesian array of rows and columns however the present
invention is not limited thereto. As will be understood by
those skilled in the art, columns and rows can be easily
interchanged and it is intended in this disclosure that
these terms be interchangeable. Also, non-�Cartesian ar-
rays may be constructed and are included within the
scope of the invention. Accordingly the terms "row" and
"column" should be interpreted widely. Each display el-
ement, e.g. LED, may be individually addressable. Ac-
cording to embodiments of the invention, display boards
may comprise current addressed or voltage addressed
light emitting elements, e.g. LEDs.
�[0061] Hereinafter, the present invention will be de-
scribed by means of LEDs as light emitting elements.
This is not limiting the invention in any way; any suitable
light emitting element known by a person skilled in the
art may be used with the present invention.
�[0062] When in the description and the claims the term
"light emitting element" is used, it is meant to cover an
active light emitting element that can be addressed elec-
tronically and includes the following possibilities: ELs
(electroluminescent devices) in general, TFELs (thin
films ELs), LEDs (light emitting diodes), OLEDs (organic
light emitting diodes) and PLEDs (polymeric light emitting
diodes).
�[0063] The present invention will mainly be described
with reference to LED’s but the present invention is not
limited thereto.
�[0064] An embodiment of the present invention, as il-
lustrated in Fig. 2, provides a display board 30 comprising
an array of light emitting elements such as LEDs 31, driv-
ing means 32 for driving the LEDs 31 with image data
and aging determination means 33. According to embod-
iments of the present invention, the aging determination
means 33 comprises at least a first reference LED 34
and a second reference LED 35. The first and second
reference LED 34, 35 may most preferably be from a
same batch as the LEDs 31 of the array on the display
board 30.
�[0065] The first reference LED 34 is, during functioning
of the display board 30, driven with reference data equal
to a value derived from the image data for driving the
LEDs 31 of the array e.g. by means of an algorithm on
the display board 30. According to embodiments of the

invention, the algorithm may comprise deriving an aver-
age value of the image data. According to other embod-
iments, the algorithm may comprise deriving a peak value
of the image data. According to still other embodiments,
the algorithm may comprise deriving a combination of a
peak value and an average value, or in other words off-
setting an average value of the image data with a peak
value of the image data. In the following description, ref-
erence data for driving the first reference LED 34 will be
referred to as being equal to an average of the image
data for driving the LEDs 31 of the array. It has to be
understood that this is not limiting the invention in any
away and that other algorithms as described above can
also be used to determine the value of the reference data
in accordance with embodiments of the present inven-
tion. This means that the first reference LED 34 has sub-
stantially the same usage, and thus shows substantially
the same aging, as the LEDs 31 of the array on the display
board 30. The first reference LED 34 may also be called
an average LED. This first reference LED 34 corre-
sponds, throughout the useful life of the display board
30, with the average actual history of the LEDs 31. At the
time of an intermediate calibration of the display board
30, i.e. when the display board 30 is calibrated during
use after a particular period thereof, the first reference
LED 34 is driven with first calibration data.
�[0066] The second reference LED 35 is normally not
used. This LED 35 corresponds with a LED with the initial
state of the LEDs 31 of the display board 30. This means
that, during functioning of the display board 30, when the
LEDs 31 of the array on the display board 30 are in use
and thus when the first reference LED 34 is driven with
reference data equal to a value derived from the image
data for driving the LEDs 31 of the array by means of an
algorithm, the second reference LED 35 is not driven.
The second reference LED 35 is only used at intermedi-
ate calibration time and is then driven with second cali-
bration data. The second reference LED 35 is a LED
which corresponds with the "new state" of the LEDs 31
of the array on the display board 30 at the time of factory
calibration. According to embodiments of the present in-
vention, the first and second calibration data may be the
same or may be different. When the first and second
calibration data are the same, a same output would be
expected for the first and second reference LED 34, 35.
However, in some cases, the outputs of the first and sec-
ond reference LED 34, 35 can be different. This differ-
ence is a calibration difference and is not attributed to
aging, but should be corrected for when determining ag-
ing of the LEDs 31 of the array. Correction for the cali-
bration difference can be done by means of specific soft-
ware.
�[0067] The aging determination means 33 furthermore
comprises light measurement means 36 for, during in-
termediate calibration, measuring light emitted by the first
and second reference LED 34, 35 and comparison
means 37 for comparing light emitted by the first refer-
ence LED 34 with light emitted by the second reference
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LED 35 and for, based on the comparison result, deciding
on aging of the LEDs 31 of the array on the display board
30. The light measurement means 36 are adapted for
measuring the brightness levels of the first and second
reference LEDs 34, 35. The light measurement means
36 may be photodiodes. The light measurement means
preferably have an optical transfert curve which is as flat
as possible over the spectrum to be measured. The
measurement resolution is preferably high enough to
measure small enough differences between radiated
light of the first and second reference LEDs 34, 35.
�[0068] Fig. 7 schematically illustrates the principle of
embodiments of the present invention. During use of a
display board 30, i.e. while displaying images intended
to be looked at by at least one spectator, the display
board 30 comprising an array of LEDs 31 is driven with
image data by driving means 32. At the same time, driving
means 32 also drives the first reference LED 34 with ref-
erence data which equals to an average of the image
data for driving the LEDs 31 of the array. After a certain
period of time, e.g. at every start- �up of the device, or after
a predetermined number of hours of ON time have
elapsed, e.g. 20 hours, an intermediate calibration of the
LEDs 31 of the array on the display board 30 may be
performed. For this purpose, the first reference LED 34
is driven with first calibration data and light emitted by
the first reference LED 34 is measured by a first light
measurement means 36, which may, for example, be a
photodetector, a phototransistor, a photoelectric cell, a
photodiode, .... Then, at substantially the same time or
shortly before or after, the second reference LED 35 is
driven with second calibration data and light emitted by
the second reference LED 35 is measured by a second
light measurement means, which may, for example, be
a photodetector, a phototransistor, a photoelectric cell,
a photodiode, .... Preferably, the first calibration data is
equal to the second calibration data, although in principle
both could be different. According to particular embodi-
ments, and as illustrated in Fig. 2, the first and second
light measurement means may be the same. However,
according to other embodiments (not shown), the first
and second reference LED 34, 35 may each be coupled
to a different light measurement means. It has to be noted
that when, according to embodiments of the invention,
the outputs of the first and second reference LED 34, 35
is measured with a different light measurement means
36, the steps of driving and measuring the first reference
LED 34 may be done in parallel to the steps of driving
and measuring the second reference LED 35. However,
when the outputs of the first and second reference LED
34, 35 is done by a same light measurement means 36,
the steps of driving and measuring the first and second
reference LED 34, 35 cannot be done in parallel and the
driving and measuring the first reference LED 34 may be
performed before driving and measuring the second ref-
erence LED 35 or vice versa.
�[0069] In a next step, the light emitted by the first ref-
erence LED 34 is compared to the light emitted by the

second reference LED 35 by comparison means 37. The
difference between the light emitted by the first reference
LED 34 and the light emitted by the second reference
LED 35 is an indication for the aging status of the LEDs
31 of the array on the display board 30.
�[0070] The difference between the light emitted by the
first reference LED 34 and the light emitted by the second
reference LED 35 obtained as described above may then
be used to correct overall calibration values for adapting
the driving parameter of the LEDs 31, bringing the actual
LED aging into account. This can be done by changing
the driving parameter of the driving means 32 by means
of controller 38. For example, when the LEDs 31 of the
array on the display board 30 are voltage-�driven, correc-
tion for aging may be done by adapting the voltage the
LEDs 31 are driven with based on the calibration values,
such that no loss of brightness occurs because of aging
of the LEDs 31. When the LEDs 31 of the array on the
display board 30 are current-�driven, the current the LEDs
31 are driven with may be adapted based on the calibra-
tion values, such that no loss of brightness occurs be-
cause of aging of the LEDs 31.
�[0071] An advantage of the display board 30 and meth-
od according to embodiments of the present invention is
that both the light emitted by the first reference LED 34
and the light emitted by the second reference LED 35
are determined on a same display board 30 or in other
words, are both measured under the same circumstanc-
es. Therefore, compared to the prior art where the light
emitted by a reference LED is compared with an a priori
knowledge of the characteristics of the device or simply
compared to some arbitrary value empirically shown to
give good performance, embodiments of the present in-
vention may lead to more reliable and up to date deter-
mination and thus of subsequent compensation for the
aging problem of the LEDs 31.
�[0072] Furthermore, when using a single light meas-
uring means 36 for determining the light emitted by the
first reference LED 34 and the second reference LED 35,
in case a difference is made between the light emitted
by the first reference LED 34 and the light emitted by the
second reference LED 35, possible errors emanating
from the light measurement means 36 may be minimised
or even excluded.
�[0073] An additional advantage of particular embodi-
ments, i.e. the embodiments where the light emitted by
the first reference LED 34 is measured by the same light
measurement means 36 as the light emitted by the sec-
ond reference LED 35 is that also can be compensated
for aging drift of the light measurement means 36, e.g.
photodetector, phototransistor, photoelectric cell,
photodiode, ..., because the drift on this component is
always re-�normalized by making the difference between
the light emitted by the first reference LED 34 and meas-
ured by the light measurement means 36 and light emit-
ted by the second reference LED 35 and measured by
the same light measurement means 36.
�[0074] An extended version of a process in accordance
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with embodiments of the present invention is illustrated
hereinafter, referring to Fig. 8 and Fig. 9.
�[0075] Phase 1 is the initial phase, illustrated in the
flow chart of Fig. 8. This is the measurement and cali-
bration phase (color and brightness) of the board 30. The
first and second reference light emitting elements, e.g.
LEDs 34, 35, are driven at a same level as the display
light emitting elements, e.g. LEDs 31. The initial bright-
ness of the first and second reference LEDs 34, 35 is
measured, steps 82 and 83, and optionally stored. From
the measured initial brightness values, an optical cou-
pling difference between both measurements is deter-
mined as a constant error value, step 84. This process
determines the initial difference between the first and
second reference LEDs 34, 35, which includes bright-
ness differences between first and second reference
LEDs 34, 35 at the same drive parameters and the dif-
ference measured by the measurement means 36 be-
cause of different optical coupling from the first reference
LED 34 to the measurement means 36 and the second
reference LED 35 to the measurement means 36, step
84.
�[0076] Phase 2 is the normal life of the display board
30. The first reference LED 34 is driven with reference
data equal to a value derived from the image data for
driving the LEDs 31 of the array e.g. is driven at the av-
erage value of the display LEDs 31. The second refer-
ence LED 35 is not driven. This second reference LED
will only be used when field recalibration is executed.
�[0077] Phase 3 is the in-�field recalibration phase, illus-
trated in the flow chart of Fig. 9. At a certain moment in
time, the display LEDs 31 have aged significantly, be-
cause of usage/�runtime of the display board 30 up to the
level of visibility. An aim of embodiments of the present
invention is to get the display LEDs 31 back to their initial
factory performance. Phase 3 of the process, the in-�field
recalibration process, can be initiated, step 90. In this
process, the first and second reference LEDs 34, 35 are
driven in the same way for the different colours, e.g. R,
G, B and W. The first reference LED 34 is switched on,
step 91, and its brightness is measured, step 92, after
which the first reference LED is switched off, step 93.
The second reference LED 35 is switched on, step 94,
and its brightness is measured, step 95, after which the
first reference LED is switched off, step 96. The bright-
ness of first and second reference LEDs 34, 35 may be
measured one after the other, either of these being meas-
ured first. Alternatively, if two separate measurement
means 36 are used for measuring brightness of first and
second reference LEDs 34, 35, the measurements can
be performed in parallel. The difference between the
brightness levels of first and second reference LEDs 34,
35 is determined, step 97. Since the second reference
LED 35 has never been used, it intrinsically represents
the initial state of the display LEDs 31 at 0-�hours life.
Since the first reference LED 34 has been driven with
reference data equal to a value derived from the image
data for driving the LEDs 31 of the array e.g. by means

of an algorithm on the display board 30, the reference
LED 34 has substantially the same usage, and thus
shows substantially the same aging as the LEDs 31 of
the array on the display board 30. The difference between
the light emitted by the first reference LED 34 and the
light emitted by the second reference LED 35 is an indi-
cation for the aging status of the LEDs 31 of the array on
the display board 30. It is known that measurement
means 36 can change property over time and tempera-
ture. Since the initial difference between first and second
reference LEDs 34, 35 is known from phase 1, as well
as the optical measurement difference of the measure-
ment values of the measurement means 36 for the first
and second reference LEDs 34, 35, a compensation for
the optical differences of the measurement device 36 can
be made, step 98, and the resulting aging can be calcu-
lated. The driving parameters of display LEDs 31 can be
compensated for the determined ageing.
�[0078] A concept of embodiments of the method is that
the actual initial reference is on board of the display board
30 (by means of the second reference LED 35) and by
re- �measuring the second reference LED 35 during an in-
field recalibration, the electrical drift of the measurement
means 36 is eliminated. The only difference between
measurements is then the optical difference caused by
the difference in light coupling between first reference
LED 34 / optical measurement means 36 and second
reference LED 35 / optical measurement means 36.
Since the latter is constant, the difference in aging be-
tween first and second reference LEDs 34, 35 remains.
The adjustment results in a level 1 adjustment on the
display board 30 LEDs 31 and the drive levels of the first
and second reference LEDs 34, 35.
�[0079] Hereinafter some examples will be discussed
of possible implementations of the display board 30 ac-
cording to embodiments of the present invention.
�[0080] According to particular embodiments, the at
least first and second reference LED 34, 35 may be pro-
vided at a side of the display board 30 opposite to the
side of the display board 30 where the image is shown
intended to be looked at. This is illustrated in Figs. 3A
and 3B which respectively show a front side and a back
side of a display board 30 according to embodiments of
the invention. In Fig. 3B, for reasons of simplicity, only
the first and second reference LED 34, 35 and the light
measurement means 36 are illustrated. Most preferably,
as already discussed above, the first and second refer-
ence LED 34, 35 may be coupled to a same light meas-
urement means 36 which is for measuring light emitted
by the first and second reference LED 34, 35 when driven
by respectively first and second calibration data. Accord-
ing to other embodiments, however, the first and second
reference LED 34, 35 may each be coupled to a different
light measurement means 36.
�[0081] An advantage of the example illustrated in Fig.
3A and 3B is that the provision of aging determination
means 33 does not alter the size of the display board 30
because it is provided at the backside of the display board
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30. Furthermore, the provision of at least a first and sec-
ond reference LED 34, 35 does not disturb the image
provided at the display board 30 because none of the at
least first and second reference LEDs 34, 35 is part of
the array of LEDs 31 on the display board 30.
�[0082] Another advantage of the embodiments illus-
trated in Figs. 3A and 3B is that they can more easily be
used in tiled displays.
�[0083] According to other embodiments, and as illus-
trated in Fig. 4A and 4B, the first reference LED 34 may
be a LED which is part of the array of LEDs 31 at the
front side of the display board 30 and may thus also be
provided at the front side of the display board 30 (see
Fig. 4A). The second reference LED 35 may be provided
at the side opposite to the side where the first reference
LED 34 is provided and may thus be provided at the back
of the display board 30 (see Fig. 4B). Again, both the first
and second reference LED 34, 35 may most preferably
be coupled to a same light measurement means 36,
which preferably is located at the backside of the display
board 30. The first reference LED 35 may be coupled to
the light measurement means 36 by, for example, a light
pipe (not shown in the figures) for coupling the light emit-
ted by the first reference LED 34 from the front side of
the display board 30 to the backside of the display board
30. According to other embodiments, the first and second
reference LED 34, 35 may each be coupled to a different
light measurement means 36 which may be located at
the front side or the back side of the display.
�[0084] According to other embodiments, illustrated in
Fig. 5, the first and second reference LED 34, 35 may
both be provided at the same side of the display board
30 as the array of LEDs 31. The first reference LED 34
may,� similarly to the embodiment illustrated in Fig. 4A
and 4B, be formed by a LED which is part of the array of
L EDs 31 on the display board 3 0. The second reference
LED 35 may be provided next to the array of LEDs 31,
also at the front side of the display board 30. The part
next to the array of LEDs 31 where the second reference
LED 35 is provided may, according to embodiments of
the invention, be covered so as to hide the reference LED
35 (not shown). Most preferably, both the first and second
reference LED 34, 35 are coupled to a same light meas-
urement means 36 which may preferably be provided
next to the array of LEDs 31, as illustrated in Fig. 5. Ac-
cording to other embodiments, the first and second ref-
erence LED 34, 35 may each be coupled to a different
light measurement means 36.
�[0085] A disadvantage of the embodiments illustrated
in Fig. 4A, 4B and 5 is that the first reference LED 34,
which is driven by reference data equal to an average of
the image data the LEDs 31 of the array are driven with,
is formed by a LED which is part of the array. Hence, this
may disturb the image formed on the display board 30.
In order to avoid this, the first reference LED 34 could be
hidden from direct view, e.g. by a non- �transparent cov-
ering means.
�[0086] According to still other embodiments of the in-

vention, both the first and second reference LED 34, 35
may be provided at the front side of the display board 30
next to the array of LEDs 31, as illustrated in Fig. 6. Most
preferably, both the first and second reference LED 34,
35 may be coupled to a same light measurement means
36. According to other embodiments, the first and second
reference LED 34, 35 may each be coupled to another
light measurement means 36.
�[0087] The display board 30 according to the embod-
iment illustrated in Fig. 6 has the disadvantage that the
provision of aging determination means 33 to the display
board 30 alters the size of the display board 30. However,
because none of the first or second reference LED 34,
35 is part of the array of LEDs 31, the provision of the
age determination means 32 will not disturb in any way
the image provided by the display board 30.
�[0088] The edges of the display board 30 may be cov-
ered by a cover 39, as illustrated in Fig. 6. In that way,
the first and second reference LED 34, 35 and the light
measurement means 36 may be covered and thus may
be hidden and may be protected against environmental
influences.
�[0089] The above-�described embodiments all relate to
display boards 30 comprising one kind of LEDs, i.e. all
the LEDs on the display board 30 are of a same colour
and thus the above-�described embodiments relate to
monochrome display boards and thus only require one
first and one second reference LED 34, 35.
�[0090] However, according to other embodiments of
the present invention, the display board 30 may comprise
LEDs 31 of different colours. It is known that LEDs 31
with different colours age in a different way. Therefore,
the aging determination means 33 may comprise a first
reference LED 34 and a second reference LED 35 for
each colour. For example, if the display board 30 com-
prises red, green and blue LEDs the aging determination
means 33 may comprise a red first and second reference
LED, a green first and second reference LED and a blue
first and second reference LED.
�[0091] According to other embodiments of the p resent
invention, the display board 3 0 m ay comprise multi-
colour LEDs, each LED comprising e.g. three colours. In
this case, only one first reference LED 34 and one second
reference LED 35 may be provided, the first and second
reference LEDs 34, 35 being the same multi- �colour LEDs
as the multi-�colour LEDs 31 of the array on the display
board 30.
�[0092] According to still other embodiments, not all
light emitting elements, e.g. LEDs, are of the same type.
For example, the display LEDs 31 may be power LEDs,
as typically applied in display applications, e.g. outdoor
display applications, where LEDs are used to form the
pixels of the display board 30. Most often it is too expen-
sive to provide, on top of the display LEDs 31 also first
and second reference LEDs 34, 35 as power LEDs, as
such power LEDs are much more expensive than other
LEDs. Of course, if there is no objection to extend the
display board 30 to carry first and second reference "pow-
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er LEDs" 34, 35, the basic principle of aging compensa-
tion as in embodiments of the present invention set o ut
a bove can be applied. In the case of a power LED based
application, however, the first and second reference
LEDs 34, 35 under the form of a power LED would add
a significant cost to the display board 30. Therefore, first
and second reference LEDs 34, 35, according to embod-
iments of the present invention, can be replaced by a
cheaper alternative. Only one cheap reference LED
needs to be provided; however, a plurality of reference
LEDs may be provided. The one or more reference LEDs
should show the same ageing characteristics as the dis-
play LEDs 31. This embodiment requires that the meas-
urement means 36 can sample the light of the power
LEDs 31 and also the light of the cheaper reference LED
35. The process again comprises 3 phases:�

Phase 1 is the Initial phase and is illustrated in the
flow chart of Fig. 10. This is the measurement and
calibration phase of the display board 30. The power
LEDs 31 are switched on, measured and calibrated,
according to any normally used process as known
by a person skilled in the art, step 101. Once this
process is finished, drive parameters are set for driv-
ing the second reference LED 35 and the power dis-
play LEDs 31, step 102. The measurement means
36 is activated, in order to measure the light output
of one or more power LEDs 31, step 103. This is the
0-�hour reference of the actual power LEDs 31. Next,
the measurement means 36 measures the bright-
ness of the second reference LED 35, step 104. The
order of both measurements may be switched. Al-
ternatively, if separate measurement means are
used for measurements performed on the one or
more power LEDs 31 and on the second reference
LED 35, both measurements may be performed in
parallel. The optical coupling difference between
both measurements is determined, e.g. a s a con-
stant error value, step 1 05. The second reference
LED 35 in this embodiment typically is a cheaper
LED, e.g. an RGB high efficiency SMD LED. The
difference between both measurements corre-
sponds with the initially measured errors (optical and
efficiency wise). These errors remain constant
throughout the life of the display board 30 because
the optical coupling from the power LED 31 and the
second reference LED 35 to the measurement
means 36 does not change, and the second refer-
ence LED 35 intrinsically does not age because it is
never used, except for the very short moments when
a field re- �calibration is done. The runtime of the sec-
ond reference LED 35 is therefore negligible. Once
the above differences are determined, the system is
ready for useful life.
Phase 2 is the normal life of the display board 30.
The power LEDs 31 are driven as normal. The sec-
ond reference LED 35 is not driven at all.
Phase 3 is the in-�field recalibration phase, illustrated

in the flow chart of Fig. 11. When the step of in-�field
calibration is activated, step 110, the following proc-
ess is executed. One or more of the power LEDs 31
(which are the display LEDS) are switched on, step
111, and measured by the measurement means 36,
e.g. at R, G, B and W, step 112. Optionally the meas-
urement of the brightness of the one of more power
LEDs 31 may include an averaging action. The one
or more power LEDs 31 are switched off, step 113.
The o ne or more second reference LEDs 35 (which
are e.g. single or multiple low power SMD RGB leds)
are switched on, step 114. The measurement means
36 measures the brightness levels of the second ref-
erence LED or LEDs 35, e.g. on RGB and W, step
115. The one or more second reference LEDs 35
are switched off, step 116.

�[0093] The measurement result of the second refer-
ence LED 35 is compared with the original value, step
118, which may have been stored in a memory. The dif-
ference between these values determines the drift of the
measurement means 36, which can also be used for the
power LED measurements.
�[0094] The difference between brightness levels of the
second reference LED 35 and power LEDs 31 is deter-
mined, step 117.
�[0095] The brightness level of the second reference
LED 35 is compared to the brightness level of the power
LEDs 31, step 119. A compensation for optical coupling
differences may be made. Measuring both values of the
power LEDs 31 and the second reference LEDs 35 with
the same measurement means 36 fully eliminates drifts
of the measurement means 36. The optical coupling dif-
ference is known and constant over life, and is taken into
account in the compensation calculation, yielding a cor-
rection of the drive of the power LEDs 31 in order to com-
pensate for their aging (and thus run-�time), step 120.
�[0096] Again it is a concept of this embodiment that
the actual initial reference is on board of the display board
30 (by means of the reference LED 35) and by re-�meas-
uring the reference LED 35 during an in-�field recalibra-
tion, the electrical drift of the measurement means 36 is
eliminated. It is to be understood that although preferred
embodiments, specific constructions and configurations,
as well as materials, have been discussed herein for de-
vices according to embodiments of the present invention,
various changes or modifications in form and detail may
be made without departing from the scope and spirit of
this invention as defined by the appended claims.

Claims

1. A display board (30) comprising an array of address-
able light emitting elements (31) and driving means
(32) for driving the light emitting elements (31) with
image data, the display board (30) furthermore com-
prising aging determination means (33) comprising:�
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- at least one reference light emitting element
(35), the driving means (32) being adapted for
driving the at least one reference light emitting
element (35) with calibration data,
- light measurement means (36) for measuring
light emitted by the reference light emitting ele-
ment (35), and for measuring light representa-
tive of the light emitted by the light emitting ele-
ments (31), and
- comparison means (37) for comparing meas-
ured light emitted by the second reference light
emitting element (35) with measured light rep-
resentative of the light emitted by the light emit-
ting elements (31) and for, based on the com-
parison result, deciding on aging of the light
emitting elements (31) in the array.

2. A display board (30) according to claim 1, wherein
the light emitting elements (31) and the at least one
reference light emitting element (35) are of different
types.

3. A display board (30) according to claim 1, wherein
the light emitting elements (31) and the at least one
reference light emitting element (35) are of same
types.

4. A display board (30) according to claim 3,
wherein the at least one reference light emitting el-
ement comprises at least a first and second refer-
ence light emitting element (34, 35), the driving
means (32) being adapted for driving the first refer-
ence light emitting element (34) at first moments in
time with reference data equal to a value derived
from the image data for driving the light emitting el-
ement (31) of the array and with first calibration data
at second moments in time so as to emit light repre-
sentative of the light emitted by the light emitting el-
ements (31), and for driving the second reference
light emitting element (35) at the second moments
in time with second calibration data,�
wherein the light measurement means is adapted
for measuring light emitted by the first and second
reference light emitting element (34, 35), and
wherein the comparison means (37) is adapted for
comparing measured light emitted by the first refer-
ence light emitting element (34) with measured light
emitted by the second reference light emitting ele-
ment (35) and for, based on the comparison result,
deciding on aging of the light emitting elements (31)
in the array

5. A display board (30) according to claim 4, wherein
the value derived from the image data is an average
value of the image data.

6. A display board (30) according to any of the previous
claims, wherein the display board (30) furthermore

comprises compensation means for compensating
the light emitting elements (31) in the array for aging
based on the decision on aging.

7. A display board (30) according to any of the previous
claims, wherein the display board (30) furthermore
comprises a controller (38) for controlling the driving
means (32).

8. A display board (30) according to any of the previous
claims, the array of light emitting elements (31) being
provided at a first side of the display board (30),
wherein the at least one reference light emitting el-
ements (34, 35) are provided at a second side of the
display board (30), the second side being opposite
to the first side.

9. A display board (30) according to any of claims 4 to
7, the array of light emitting elements (31) being pro-
vided at a first side of the display board (30), wherein
the first reference light emitting element (34) is pro-
vided at the first side of the display board (30) and
wherein the second reference light emitting element
(35) is provided at a second side of the display board
(30), the second side being opposite to the first side.

10. A display board (30) according to any of claims 1 to
8, w herein the at least one reference light emitting
elements (34, 35) are provided at a same side of the
display board (30) as the array of light emitting ele-
ments (31).

11. A display board (30) according to any of claims 4 to
10, wherein the first and second reference light emit-
ting elements (34, 35) are coupled to a same light
measurement means (36).

12. A display board (30) according to any of the previous
claims, wherein the light measurement means (36)
comprises at least one photodetector or phototran-
sistor.

13. A display board (30) according to any of the previous
claims, the display board (30) comprising light emit-
ting elements (31) of different colours,�
wherein at least one reference light emitting element
(34, 35) is provided for each colour.

14. A display board (30) according to any of claims 1 to
12, the display board (30) comprising multi-�coloured
light emitting elements (31), wherein the at least one
reference light emitting element (34, 35) of the aging
determination means (32) are multi-�coloured light
emitting elements.

15. A display board (30) according to any of the previous
claims, wherein the light emitting elements (31) of
the array are LEDs.
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16. A display board (30) according to any of the previous
claims, wherein the display board (30) is incorporat-
ed in a display tile.

17. A display board (30) according to claim 16, wherein
a plurality of display tiles form a display.

18. Method for determining aging of a display board (30),
the display board (30) comprising an array of light
emitting elements (31), driving means (32) for driving
the light emitting elements (31) with image data, and
at least one reference light emitting element (35),
the method comprising:�

- measuring light representative of the light emit-
ted by the light emitting elements (31),
- driving the reference light emitting element (35)
with calibration data and measuring light emitted
by the reference light emitting element (35), and
- comparing the light representative of the light
emitted by the light emitting elements (31) with
the light emitted by the reference light emitting
element (35) and, based on the comparison re-
sult, deciding on aging of the light emitting ele-
ments (31) in the array.

19. Method according to claim 18, wherein measuring
light representative of the light emitted by the light
emitting elements (31) comprises measuring light
emitted by the light emitting elements (31).

20. Method according to claim 18, the display board
comprising at least a first reference light emitting el-
ement (34) and a second reference light emitting el-
ement (35), �
wherein measuring light representative of the light
emitted by the light emitting elements (31) comprises
driving the first reference light emitting element (34)
with first calibration data and measuring light emitted
by the first reference light emitting element (34) and
driving the reference light emitting element (35) with
calibration data and measuring light emitted by the
reference light emitting element (35) comprises driv-
ing the second reference light emitting element (35)
with second calibration data and measuring light
emitted by the second reference light emitting ele-
ment (35).

21. A method according to claim 20, wherein the first
calibration data is equal to the second calibration
data.

22. A method according to any of claims 20 or 21, com-
prising, before driving the first and second reference
light emitting elements (34, 35) with first and second
reference data respectively, driving the light emitting
elements (31) of the display board (30) with image
data and driving the first reference light emitting el-

ement (34) with a value derived from the image data
by means of an algorithm.

23. Method according to claim 22, wherein the algorithm
comprises deriving a value derived from the image
data, the value being an average value of the image
data.

24. Method for calibrating a display board (30), the dis-
play board (30) comprising an array of light emitting
elements (31), the method comprising:�

- determining the degree of aging of the light
emitting elements (31) of the array in accord-
ance with a method according to any of claims
18 to 23, and
- compensating the light emitting elements (31)
in the array for aging based on the determined
degree of aging.

25. Method according to claim 2 4, wherein compensat-
ing the light emitting elements (31) in the array for
aging is performed by adapting a driving parameter
of the light emitting elements (31) of the array.

26. Method according to claim 25, wherein the driving
parameter is a voltage.

27. Method according to claim 25, wherein the driving
parameter is a current.
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