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(54) DIGITAL DISPLAY

(57) A method for controlling a digital display device
and a digital display system implementing the method
are provided with the aim of controlling the display device
in such a way as to reduce the effect of dynamic false
contouring on the quality of a displayed image. According
to the method, received image data defining brightness
levels according to a scheme of light pulse modulation
based upon binary-weighted pulse durations are convert-
ed into a data defining a sequence of pulses of binary

and non-binary weighted duration in which the highest
value weighting represents a pulse of a duration less than
half the total duration of illumination required during an
image refresh period to achieve a pixel at the highest
brightness level. In a further embodiment, the weighting
of highest value represents a pulse of duration less than
one quarter of the duration required for highest pixel
brightness.
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Description

[0001] This invention relates to digital displays. In par-
ticular, but not exclusively, this invention relates to digital
display system and a method for configuring and oper-
ating a digital display device in such a way as to reduce
the incidence of an effect known as ’dynamic false con-
touring’ in displayed images.
[0002] Dynamic false contouring arises when there is
rapid relative movement of the eye of a viewer and the
surface of a digitally controlled image display panel or
across a surface onto which a digitally generated image
is being projected. Relative movement can have the ef-
fect that the eye sees light intended to form part of one
pixel being falsely added to or subtracted from the light
of an adjacent pixel, in the worst case causing a bright
flash or sparkling effect to be seen. Known types of digital
display device with which this effect can arise include
Digital Micro-mirror Devices (DMD) and display devices
based upon liquid crystal display (LCD) technologies, in-
cluding Liquid Crystal on Silicon (LCOS) devices for ex-
ample.
[0003] In a known method of operating a digital display
device, each of the pixels in an image to be viewed is
generated using a pulse modulation technique whereby
the perceived brightness and colour of a pixel is deter-
mined by the total amount of light of a given wavelength
that is emitted by the display device in respect of that
pixel during an ’image refresh period’. The image refresh
period is selected to be shorter than the minimum re-
sponse period of the human eye to discrete changes to
brightness or colour. An image refresh period in the range
16 to 20ms is typical. Using the pulse modulation tech-
nique, a pixel of a required brightness is generated by
causing the display device to emit a predetermined com-
bination of light pulses of equal brightness but of differing
duration which, if all emitted within the image refresh pe-
riod, will be integrated by the eye so that a viewer per-
ceives the pixel as having a uniform brightness over the
image refresh period. Different colours are perceived by
generating different combinations of red, green and blue
light pulses of appropriate duration within the image re-
fresh period, as is well known.
[0004] In such a method, dynamic false contouring
arises from the perceived false addition and false sub-
traction of pulses intended for adjacent pixels. In the
present invention a method of driving a digital display
device has been devised with the intended advantage
that the effect of dynamic false contouring on perceived
image quality is reduced significantly.
[0005] In a first aspect, the present invention resides
in a method for controlling a digital display device to illu-
minate a pixel at any one of a plurality of brightness levels,
wherein the display device is controllable to generate,
for a given pixel and a selected one of the plurality of
brightness levels, a predetermined sequence of light
pulses within an image refresh period such that the pixel
may be perceived as having the selected brightness level

during the image refresh period, wherein the predeter-
mined sequence of pulses comprises a predetermined
combination of one or more pulses of relative duration
selected according to a set of pulse weightings wherein
the greatest weighting in the set of weightings represents
a pulse duration of less than one half of the total duration
of pixel illumination required within an image refresh pe-
riod to achieve illumination of the pixel at the greatest of
the plurality of brightness levels.
[0006] In the present invention, by limiting the duration
of the longest pulse in a pulse modulation scheme for
controlling the display device to less than half the duration
required for maximum brightness (255 in an 8-bit
scheme), the pulse of longest duration in conventional
8-bit schemes, representing a relative duration of 128
(27), is necessarily replaced by more than one pulse of
shorter duration. The replacement pulses may be of bi-
nary-weighted duration, meaning a relative duration de-
fined by a power of 2, of non-binary weighted duration,
e.g. a duration represented by a weighting of 48 (out of
a maximum 255), or a mixture of binary and non-binary
weighted durations. The aim of the replacement set of
pulse durations (weightings) is to provide for the same
number of brightness levels as defined in received image
data, but with the advantage that the light may be pro-
vided by pulses of shorter duration than in conventional
display driving techniques so that the effect of a perceived
false addition and false subtraction of the most heavily-
weighted pulses is significantly reduced.
[0007] In one example embodiment, the set of pulse
weightings comprises a plurality of binary weightings and
one or more non-binary weightings. In particular, the set
of pulse weightings may comprise a plurality of non-bi-
nary weightings.
[0008] In a further variant, the highest-value weighting
included in the set of pulse weightings represents a pulse
of duration no more than one quarter of the total duration
of pixel illumination required within an image refresh pe-
riod to achieve illumination of the pixel at the greatest of
the plurality of brightness levels. In the 8-bit example,
this ensures the replacement of the pulse of binary
weighting 64 with pulses of lesser weighting (duration),
further reducing the potential effect of a perceived false
addition and false subtraction of pulses between pixels.
[0009] In a further example embodiment, the weighting
of highest value included in the set of pulse weightings
is a non-binary weighting and the set of pulse weightings
includes two or more non-binary weightings of the same
highest value. It is not therefore necessary for the set of
allowed pulse durations all to be different and two or more
pulses of the same longest duration may be used to illu-
minate a pixel in a given sequence of pulses.
[0010] In another example embodiment, each of the
plurality of brightness levels is defined in received image
data by a binary value representing a set of pulses each
of binary-weighted duration and the method further com-
prises converting brightness levels defined in received
image data into brightness levels defined according to
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respective combinations of light pulses having relative
durations selected according to the set of pulse weight-
ings.
[0011] In a further variant, each of the plurality of bright-
ness levels are defined in received image data by a binary
value representing a set of pulses each of binary-weight-
ed relative duration and the method further comprises
converting a received binary value into a binary value
representing a predetermined combination of light pulses
of relative durations selected according to the set of pulse
weightings, the method further comprising using the re-
sults of the conversion to control the digital display de-
vice.
[0012] In an example embodiment, the received image
data comprise brightness levels represented by 8-bit bi-
nary values in the range 0 to 255, each representing a
combination of pulses of binary weighted relative dura-
tions selected according to binary pulse weightings 1, 2,
4, 8, 16, 32, 64 and 128 and the method further comprises
converting a brightness level defined by a received 8-bit
binary value into a binary value representing a predeter-
mined combination of light pulses of relative durations
selected according to the set of binary and non-binary
pulse weightings 1, 2, 4, 8, 16, 32, 48, 48, 48 and 48 and
controlling the digital display device to illuminate pixels
using the predetermined combinations of light pulses re-
sulting from the conversion. Optionally, the set of pulse
weightings further comprises a non-binary weighting of
24 to provide more flexibility in selecting the combination
of pulses required to achieve a particular brightness level.
[0013] In a further example embodiment, the method
further comprises generating and outputting a sequence
of outputs for storage in an image buffer associated with
the display device, each output comprising, for a pulse
of a duration defined according to a weighting in the set
of pulse weightings, indications of those pixels to be illu-
minated with the pulse of the defined duration. In a par-
ticular variant, the sequence of outputs represents pulses
of higher weighting intermixed with pulses of lower
weighting. It is not therefore necessary to trigger the dis-
play device to illuminate a pixel with pulses in the order
of increasing pulse duration and the display device may
instead be presented with data defining a different order
of pulses while still achieving the same pixel brightness
during an image refresh period.
[0014] In a second aspect, the present invention re-
sides in a digital display system, comprising:

a digital display device for displaying an image; and

a display controller arranged to control the digital dis-
play device to display pixels in an image each at a
required level of brightness,

wherein the display controller comprises:

an input for receiving image data defining, for
each of one or more pixels in an image to be

displayed or updated, a brightness level select-
ed from a predetermined plurality of brightness
levels;

a processor arranged to receive image data from
the input and to transform a brightness level in-
dicated for a pixel in the received image data
into a representation defining a predetermined
combination of pulses of relative durations se-
lected according to a predetermined set of pulse
weightings wherein the highest-value weighting
in the set of pulse weightings represents a pulse
of duration less than one half of the total duration
of pixel illumination required within an image re-
fresh period to achieve illumination of the pixel
at the greatest of the plurality of brightness levels
and to generate a sequence of outputs for stor-
age in an image buffer associated with the dis-
play device, each output comprising, for a pulse
of a duration defined according to a weighting
in the set of pulse weightings, indications of
those pixels to be illuminated with the pulse of
the defined duration; and

means for controlling the display device to illu-
minate those pixels indicated by the contents of
the image buffer in a sequence and for a defined
duration as determined by the sequence of
stored outputs.

[0015] In one example embodiment in this second as-
pect of the present invention, the predetermined set of
pulse weightings comprises a plurality of binary weight-
ings and one or more of non-binary weightings. Option-
ally, the predetermined set of pulse weightings comprises
a plurality of non-binary weightings.
[0016] In another example embodiment of the system,
the weighting of highest value in the set of pulse weight-
ings represents a pulse of duration no more than one
quarter of the total duration of pixel illumination required
within an image refresh period to achieve illumination of
the pixel at the greatest of the plurality of brightness lev-
els.
[0017] In a further example embodiment of the system,
the weighting of highest value in the set of pulse weight-
ings is a non-binary weighting and the set of pulse weight-
ings includes two or more non-binary weightings having
the same highest value.
[0018] In another example embodiment of the system,
each of the plurality of brightness levels is defined in re-
ceived image data by a binary value representing a set
of pulses each of binary-weighted duration and the proc-
essor is arranged to convert brightness levels defined in
received image data into brightness levels defined ac-
cording to respective combinations of light pulses having
relative durations selected according to the set of pulse
weightings
[0019] In a further example embodiment of the system,
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each of the plurality of brightness levels are defined in
received image data by a binary value representing a set
of pulses each of binary-weighted relative duration and
the processor is arranged to convert a received binary
value into a binary value representing a predetermined
combination of light pulses of relative durations selected
according to the set of pulse weightings and to use the
results of the conversion to generate the sequence of
outputs.
[0020] In a particular example embodiment of the sys-
tem, the received image data comprise brightness levels
represented by 8-bit binary values in the range 0 to 255,
each representing a combination of pulses of binary
weighted relative durations selected according to binary
pulse weightings 1, 2, 4, 8, 16, 32, 64 and 128 and the
processor is arranged to convert a brightness level de-
fined by a received 8-bit binary value into a binary value
representing a predetermined combination of light pulses
of relative durations selected according to the set of bi-
nary and non-binary pulse weightings 1, 2, 4, 8, 16, 32,
48, 48, 48 and 48 and to use the results of the conversion
to generate the sequence of outputs. Optionally, the set
of pulse weightings further comprises a non-binary
weighting of 24 to provide more flexibility in selecting the
combination of pulses required to achieve a particular
brightness level.
[0021] In a further example embodiment of the system,
the sequence of outputs represent pulses of higher
weighting intermixed with pulses of lower weighting.
[0022] In a third aspect, the present invention resides
in a digital display device incorporating or associated with
a display controller arranged to implement the method
according to the first aspect of the present invention or
example embodiments thereof.
[0023] In a fourth aspect, the present invention resides
in a digital display device arranged to illuminate pixels
with light pulses of relative duration defined by weightings
selected in any predetermined combination from a set of
binary weightings and non-binary-weightings.
[0024] In a particular example embodiment according
to this fourth aspect of the present invention, the digital
display device is arranged to illuminate pixels with light
pulses of relative durations defined by weightings select-
ed in any combination from the set of weightings 1, 2, 4,
8, 16, 32, 48, 48, 48, 48.
[0025] In a further particular variant according to this
fourth aspect of the present invention, the digital display
device is arranged to illuminate pixels with light pulses
of relative durations defined by weightings selected in
any combination from the set of weightings 1, 2, 4, 8, 16,
24, 32, 48, 48, 48, 48.
[0026] Embodiments of the present invention will now
be described in more detail, by way of example only and
with reference to the accompanying drawings, of which:

Figure 1 shows an example sequence of light pulses
in a known method for controlling a digital display
device for illuminating adjacent pixels in an image to

be displayed;

Figure 2 shows how the effect of ’dynamic false con-
touring’ may arise in using the light pulse sequence
shown in Figure 1;

Figure 3 shows an example of a light pulse sequence
according to one embodiment of the present inven-
tion;

Figure 4 is a table providing example timings and
durations for the light pulse sequence shown in Fig-
ure 3;

Figure 5 shows an example of a light pulse sequence
according to another embodiment of the present in-
vention; and

Figure 6 is a simplified representation, in the form of
a functional block diagram, of a digital display system
according to an embodiment of the present inven-
tion.

[0027] In a typical application of a digital display device
for a helmet-mounted display in which various symbols
may be displayed overlain on an external scene, it may
suffice to display monochrome pixels at any one of 256
different brightness levels from 0 (’off’) to 255 (maximum
brightness), each brightness level being defined using
an 8 bit binary number. In conventional display devices,
the 8-bit binary number for each pixel is interpreted, when
controlling the display device, as a sequence of up to
eight signals to trigger the display device to emit a cor-
responding sequence of pulses of light each of equal
brightness but of a duration proportional to the value of
the bit, from least significant bit value 1 (20) triggering the
shortest pulse, representing 1/255 of the maximum pixel
brightness, to the most significant bit value 128 (27) trig-
gering the longest pulse, representing slightly more than
half the maximum pixel brightness, the pixel being illu-
minated for a given pulse duration or not illuminated ac-
cording to whether the respective bit is set to a ’1’ or a ’0’.
[0028] If different colours are required, the 256 avail-
able brightness levels need to be applied separately to
control different combinations of red, green and blue light
sources to provide an overall colour brightness for each
pixel for any of the different colours to be used to generate
an image.
[0029] An image refresh period may be divided into
what will be called ’sub-fields’. Each sub-field represents
a period of time of a predetermined length - the sub-field
’weighting’ - during which the display device may be trig-
gered to emit or reflect a discrete pulse of light of duration
proportional to the sub-field weighting for any pixel that
requires it. The inherent latency of the display device will
determine the shortest period of time that may be select-
ed in respect of a sub-field. All weightings will be assumed
to represent a proportion of the total duration of illumina-
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tion required to display a pixel of maximum brightness
(greatest brightness level) within the image refresh peri-
od. In the 8-bit example above, the image refresh period
may be divided into eight differently-weighted sub-fields
wherein the sub-field weightings are binary values 1, 2,
4, 8, 16, 32, 64, 128 representing different proportions
of a maximum brightness value of 255 and hence of the
total duration of illumination required to achieve a pixel
of brightness 255. The data defining those pixels to be
illuminated in a given sub-field are referred to as a ’bright-
ness plane’ or ’bit-plane’ of data.
[0030] A bit-plane for a given sub-field contains a ’1’
or a ’0’ in respect of each pixel position in an image area
of the display device requiring illumination with a light
pulse of the respective duration or non-illumination in that
sub-field. Each of the eight different bit-planes of data is
uploaded to a display device memory according to the
timing of the respective sub-field.
[0031] In this example, the first bit-plane defines those
pixels to be illuminated for the shortest period, a weight-
ing of 1, represented by the lowest significant bit of the
8-bit binary brightness value. The second bit-plane de-
fines those pixels to be illuminated for a period repre-
sented by a weighting of 2; the third being for a period
represented by a weighting of 4; and so-on until the eighth
bit-plane defines those pixels to be illuminated for the
longest period, represented by a weighting of 128. Within
a short period of time of receiving a given bit-plane of
data - this period being determined by the inherent laten-
cy in the display device - the display device illuminates
all those pixels having a ’1’ in a respective position in the
bit-plane of data.
[0032] One known problem with such a display driving
technique is that of ’dynamic false contouring’ whereby
the eye is able to integrate one or more light pulses of
one pixel with one or more light pulses intended for an
adjacent or nearby pixel over an image refresh period
due to rapid movement of the eye or at least rapid relative
movement of the displayed image and the eye. Even
though the changing illumination for a single pixel be-
tween sub-fields is not detectable by the eye, a sudden
relative movement may cause the eye to perceive a given
pixel as being brighter or less bright than intended. The
effect is more pronounced when adjacent pixels are illu-
minated differently in respect of the most heavily-weight-
ed sub-fields. An example of how this arises will now be
described with reference to Figure 1 and Figure 2.
[0033] Referring firstly to Figure 1, in the example of
an 8-bit brightness level, pixels A and B are to be illumi-
nated at levels 127 and 128 respectively of a possible
256 different brightness levels in the range of 0 (’off’) to
255 - the brightest. The brightness levels 127 and 128
should appear to the eye to be very similar over an image
refresh period. Figure 1 shows the intended series of light
pulses to be displayed for each of pixel A and pixel B to
achieve overall perceived brightness levels of 127 and
128 respectively. Pixel A (10) has been illuminated in
each of the first seven sub-fields, corresponding to pulses

of weightings 1, 2, 4, 8, 16, 32 and 64, to achieve an
overall perceived brightness level of 127 over the image
refresh period. Pixel B (15) has received no illumination
in the first seven sub-fields and is to be illuminated in the
eighth sub-field with a pulse of weighting 128 to achieve
the required 128 brightness level over the image refresh
period.
[0034] However, referring to Figure 2, a rapid relative
movement of the eye and the displayed image causes
the eye to perceive Pixel A (20) as having a ’false addition’
of the 128-weighted pulse that illuminated Pixel B (25)
and to perceive Pixel B (25) as having its 128-weighted
pulse falsely subtracted. As a result, the eye perceives
Pixel A (20) with an overall brightness level of 255 and
Pixel B (25) with an overall brightness level of 0, instead
of 127 and 128 respectively, creating a flash or sparkle
in the vicinity of Pixel A. This is the worst case situation.
However, the perception of false additions and subtrac-
tions between adjacent pixels may involve lower-weight-
ed sub-fields which, though causing sparkling of reduced
intensity is nevertheless capable of degrading the per-
ceived quality of the image.
[0035] According to one example embodiment of the
present invention, the number of sub-fields is increased
for the purposes of driving the display device, which may
for example be a micro-display device as supplied by
Forth Dimension Displays Ltd, part number M249 SXGA.
In the example of an 8-bit brightness level, this involves
the introduction of a conversion step to transform an 8-
bit representation of brightness in the image data to a
10-bit representation of brightness for the purposes of
driving the display device. The present invention exploits
the increased number of available sub-fields to generate
a different set of available sub-field weightings (pulse du-
rations) to that used in the conventional eight sub-field
scheme described above. The chosen set of sub-field
weightings has been selected to reduce the visual impact
of false addition and substitution by reducing the maxi-
mum weighting (pulse duration) while increasing the
number of the most heavily weighted sub-fields.
[0036] After consideration of a number of possible
combinations of sub-field weighting, the inventors have
found that a display driving scheme in which conventional
binary-weighted subs-fields are combined with non-bi-
nary-weighted sub-fields. i.e. a weighting not equal to a
power of 2, having a maximum weighting of no more than
illumination level ’48’, as measured on the 8-bit illumina-
tion range 0-255, provides a good compromise between
the effects of dynamic false contouring and a need to
divide the image refresh period into a greater number of
sub-fields than the display device is capable of support-
ing. Two example display driving schemes according to
embodiments of the present invention, based upon sub-
fields of maximum weight ’48’ and using 10 and 11 sub-
fields, respectively, will now be described beginning with
the 10 sub-field scheme and a reference to Figure 3 and
to Figure 4.
[0037] Referring to Figure 3 and to Figure 4, an im-
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proved pixel illumination scheme is presented: in Figure
3 as a sequence of possible pixel illumination periods;
and in Figure 4 as a table of corresponding sub-field
weightings, of respective sub-field time period and of ac-
tual illumination periods of light pulses to be emitted with-
in the time period allocated to the sub-field. As can be
seen, the ’64’ and ’128’ binary-weighted sub-fields of the
conventional eight sub-field scheme have been replaced
by four non-binary-weighted sub-fields of weight ’48’, giv-
ing a ten sub-field scheme. An additional conversion step
is introduced into a typical display driver arrangement to
receive conventional 8-bit pixel illumination level data
and to convert those data, with reference to a look-up
table, into a 10-bit illumination level for use in the display
driver to provide the control bits for the ten sub-fields
shown in Figure 3 and Figure 4. Digital display devices
may be modified to receive ten bit-planes of data within
an image refresh period and to illuminate pixels for any
combination of the relative durations 1, 2, 4, 8, 16, 32,
48, 48, 48 and 48, providing for overall brightness levels
in the range 0 to 255 as for the conventional scheme.
[0038] While, for example, an illumination level of 127
as represented by 01111111 in the conventional eight
sub-field scheme may convert to any one of six different
representations in such a scheme with non-binary sub-
fields of weight ’48’, it may be desirable to illuminate the
pixels as soon as possible during an image refresh period
rather than adopting a delay as may be an option when
a pixel needs to be illuminated during only one or two of
the four available 48-weight sub-fields. Using, for exam-
ple, a 10-bit binary number to represent the ten sub-field
scheme, a brightness level of ’127’ may in principle con-
vert to any one of:

0011011111

0101011111

1001011111

0110011111

1010011111 or

1100011111.

[0039] However, it has been found advantageous, but
not essential, to complete the illumination of a pixel over
as short a period as possible within the image refresh
period, i.e. to group any required 48-weight sub-fields as
closely as possible with the lower binary-weight sub-
fields. Hence, in generating the look-up table for convert-
ing the input 8-bit image data into 10-bit display driver
output, the first of those possible representations listed
above for the brightness level 127 would be preferred.
However, it may be advantageous when displaying cer-
tain types of image or in respect of particular regions of
an image to adopt one of the alternative combinations of

48-weight sub-fields to achieve a given overall brightness
where not all of the 48-weight sub-fields need to be filled
[0040] It will also be apparent under this scheme that
for brightness levels of between 48 and 63, the opportu-
nity exists to use a 48-weight sub-field in combination
with respective combinations of the lower binary-weight
sub-fields. However, it is also preferred that the first use
of a 48-weight sub-field be avoided as far as possible to
make maximum use of the binary-weighted sub-fields
and so reduce the opportunity for the false addition and
subtraction of a 48-weight sub-field. By this principle, all
brightness levels of between 1 and 63 may be achieved
using the six binary-weighted sub-fields: 1, 2, 4, 8, 16
and 32. A brightness level of 64 would then be represent-
ed by the 10-bit value 0001010000 and brightness levels
of 64 to 111 would be represented using only the same
seven sub-fields, even though brightness values of be-
tween 96 and 111 would have the option of using two of
the 48-weight sub-fields.
[0041] The inventors have realised, further, that it may
be advantageous to illuminate pixels using a particular
bit-plane order, intermixing the most heavily-weighted
sub-fields with the lowest-weight subfields. For example,
in one embodiment based upon the ten sub-field scheme
shown in Figure 3 and Figure 4, the bit-planes are up-
loaded to the display device and pixels illuminated in the
order:

Bit Plane 9

Bit Plane 0

Bit Plane 8

Bit Plane 1

Bit Plane 7

Bit Plane 2

Bit Plane 6

Bit Plane 3

Bit Plane 5

Bit Plane 4.

[0042] When applying this sequence or any example
sequence of bit-planes according to the present invention
to the control of a digital display device it may be neces-
sary to take account of certain characteristics of the dis-
play device technology both in ordering and in the timing
of upload to the display device. For example, when ap-
plying the present invention to liquid crystal display (LCD)
devices, e.g. liquid crystal on silicon (LCOS) display de-
vices, the requirements of pixel ’charge balancing’ need
to be taken into account, as would be apparent to a per-
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son of ordinary skill in the field of digital display device
technology.
[0043] Referring to Figure 5, in the alternative eleven
sub-field scheme mentioned above, according to another
example embodiment of the present invention, an addi-
tional 24-weight sub-field is inserted between the 16 and
32-weight sub-fields to provide further options for using
combinations of lower-weighted sub-fields to achieve a
given overall level of pixel brightness. An 11-bit binary
number may be used to represent this 11 sub-field
scheme as would be apparent to a notional skilled person
in this field, adopting the same principles as discussed
above in generating a corresponding sequence of bit-
planes for uploading to the display driver.
[0044] It will be apparent to a notional skilled person
in the field that there are a great many alternative
schemes that may be devised, based upon the same or
a greater number of bit-planes and including combina-
tions of sub-fields of binary-weight and non-binary-
weight, and having a maximum weighting of less than
would be used in a conventional scheme. It is generally
the case that the lower the maximum weighting, the great-
er the required number of sub-fields and hence of bit-
planes of data that need to be generated and handled
by the display device in order to define a given number
of luminance levels. All such combinations are intended
to fall within the scope of the present invention.
[0045] In another example embodiment of the present
invention a digital display system is provided to include
an additional processing function arranged with access
to a look-up table devised according to the principles
above to convert a conventional representation of pixel
brightness, e.g. using an 8-bit representation, into a dis-
play driver representation based upon 10 or 11 sub-fields
and a 10 or 11-bit representation. This system will now
be described with reference to Figure 6.
[0046] Referring to Figure 6, a functional block diagram
is providing showing a simplified representation of a dig-
ital display system 50 in which the functionality described
above may be implemented. A digital Display Device 55
is controlled by a Display Driver 60, arranged to control
the illumination of pixels and in particular the timing and
duration of illumination to be provided to each pixel in
order to render components of an image to be displayed
over a period of time corresponding to each sub-field of
an image refresh period. The Display Driver 60 obtains
the data to be used in controlling the Display Device 55
for a sub-field from a Bit-Plane Store 65. The bit-planes
of data for each sub-field are uploaded to the Bit-Plane
Store 65 by a Pixel-to-Bit-Plane Conversion module 70
which in turn receives as input image data that has been
converted from input 8-bit video data 80 to a 10-bit rep-
resentation defining a sub-field weighting scheme ac-
cording to an embodiment of the present invention in a
Conversion module 75. The Conversion module 75 per-
forms the conversion with reference to the contents of a
Look-up Table 85 which contains, for each of the 256
possible 8-bit values of received video data, a 10-bit rep-

resentation resulting in the same brightness level but
based upon the sequence of sub-field weightings for the
10 sub-field scheme described above. An equivalent con-
version process may be implemented by the Conversion
module 75 with reference to a corresponding Look-up
Table 85 to achieve the conversion to an 11-bit repre-
sentation based upon the eleven sub-field embodiment
described above with reference to Figure 5.
[0047] Example embodiments of the present invention
described above have demonstrated the benefits of driv-
ing a digital display in such a way as to reduce the max-
imum weighting (light pulse duration) and at the same
time increase the number of sub-fields in an image re-
fresh period while retaining the capability to generate pix-
els of a required number of distinct pixel brightness levels.
The present invention has also demonstrated the bene-
fits in including non-binary-weighted light pulses in com-
bination with binary-weighted light pulses to enable pulse
combinations to be selected for driving the display device
that reduce the visual impact of false additions and sub-
tractions of pulses between pixels. Presented with the
inventive principles described above, a notional skilled
person in the relevant field would be able to select alter-
native weightings and combinations and to test their rel-
ative benefit in improving image quality. All such varia-
tions as would be apparent to the notional skilled person
are intended to fall within the scope of the present inven-
tion.

Claims

1. A method for controlling a digital display device to
illuminate a pixel at any one of a plurality of bright-
ness levels, wherein the display device is controlla-
ble to generate, for a given pixel and a selected one
of said plurality of brightness levels, a predetermined
sequence of light pulses within an image refresh pe-
riod such that the pixel may be perceived as having
said selected brightness level during the image re-
fresh period, wherein the predetermined sequence
of pulses comprises a predetermined combination
of one or more pulses of relative duration defined by
weightings selected in any combination from a set
of pulse weightings wherein the greatest weighting
in the set of weightings represents a pulse duration
of less than one half of the total duration of pixel
illumination required within an image refresh period
to achieve illumination of the pixel at the greatest of
said plurality of brightness levels.

2. The method according to claim 1, wherein the set of
pulse weightings comprises a plurality of binary
weightings and one or more non-binary weightings.

3. The method according to claim 2, wherein the set of
pulse weightings comprises a plurality of non-binary
weightings.
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4. The method according to any one of claims 1 to 3,
wherein the highest-value weighting included in the
set of pulse weightings represents a pulse of duration
no more than one quarter of the total duration of pixel
illumination required within an image refresh period
to achieve illumination of the pixel at the greatest of
said plurality of brightness levels.

5. The method according to claim 4, wherein the
weighting of highest value included in the set of pulse
weightings is a non-binary weighting and wherein
the set of pulse weightings includes two or more non-
binary weightings of the same highest value.

6. The method according to any one of claims 1 to 5,
wherein each of said plurality of brightness levels is
defined in received image data by a binary value
representing a set of pulses each of binary-weighted
duration and the method further comprises convert-
ing brightness levels defined in received image data
into brightness levels defined according to respec-
tive combinations of light pulses having relative du-
rations defined by weightings selected in any com-
bination from the set of pulse weightings.

7. The method according to claim 6, wherein each of
said plurality of brightness levels are defined in re-
ceived image data by a binary value representing a
set of pulses each of binary-weighted relative dura-
tion and the method further comprises converting a
received binary value into a binary value represent-
ing a predetermined combination of light pulses of
relative durations defined by weightings selected in
any combination from the set of pulse weightings,
the method further comprising using the results of
the conversion to control the digital display device.

8. The method according to claim 7, wherein the re-
ceived image data comprise brightness levels rep-
resented by 8-bit binary values in the range 0 to 255,
each representing a combination of pulses of binary
weighted relative durations selected according to bi-
nary pulse weightings 1, 2, 4, 8, 16, 32, 64 and 128
and the method further comprises converting a
brightness level defined by a received 8-bit binary
value into a binary value representing a predeter-
mined combination of light pulses of relative dura-
tions defined by weightings selected in any combi-
nation from a set of binary and non-binary pulse
weightings having a maximum weighting of less than
128 and controlling the digital display device to illu-
minate pixels using said predetermined combina-
tions of light pulses resulting from the conversion.

9. The method according to any one of the preceding
claims, further comprising generating and outputting
a sequence of outputs for storage in an image buffer
associated with the display device, each output com-

prising, for a pulse of a duration defined according
to a weighting in the set of pulse weightings, indica-
tions of those pixels to be illuminated with the pulse
of said defined duration.

10. The method according to claim 9, wherein said se-
quence of outputs represents pulses of higher
weighting intermixed with pulses of lower weighting.

11. A digital display system, comprising:

a digital display device for displaying an image;
and
a display controller arranged to control the digital
display device to display pixels in an image each
at a required level of brightness,
wherein the display controller comprises:

an input for receiving image data defining,
for each of one or more pixels in an image
to be displayed or updated, a brightness lev-
el selected from a predetermined plurality
of brightness levels;
a processor arranged to receive image data
from the input and to transform a brightness
level indicated for a pixel in the received im-
age data into a representation defining a
predetermined combination of pulses of rel-
ative durations defined by weightings se-
lected in any combination from a predeter-
mined set of pulse weightings wherein the
highest-value weighting in the set of pulse
weightings represents a pulse of duration
less than one half of the total duration of
pixel illumination required within an image
refresh period to achieve illumination of the
pixel at the greatest of said plurality of
brightness levels and to generate a se-
quence of outputs for storage in an image
buffer associated with the display device,
each output comprising, for a pulse of a du-
ration defined according to a weighting in
the set of pulse weightings, indications of
those pixels to be illuminated with the pulse
of said defined duration; and
means for controlling the display device to
illuminate those pixels indicated by the con-
tents of the image buffer in a sequence and
for a defined duration as determined by said
sequence of stored outputs.

12. The system according to claim 11, wherein the pre-
determined set of pulse weightings comprises a plu-
rality of binary weightings and one or more of non-
binary weightings.

13. The system according to claims 11 or claim 12,
wherein each of said plurality of brightness levels is
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defined in received image data by a binary value
representing a set of pulses each of binary-weighted
duration and the processor is arranged to convert
brightness levels defined in received image data into
brightness levels defined according to respective
combinations of light pulses having relative dura-
tions defined by weightings selected in any combi-
nation from the set of pulse weightings

14. The system according to claim 13, wherein each of
said plurality of brightness levels are defined in re-
ceived image data by a binary value representing a
set of pulses each of binary-weighted relative dura-
tion and the processor is arranged to convert a re-
ceived binary value into a binary value representing
a predetermined combination of light pulses of rela-
tive durations defined by weightings selected in any
combination from the set of pulse weightings and to
use the results of the conversion to generate said
sequence of outputs.

15. The system according to any one of claims 11 to 14,
wherein said sequence of outputs represent pulses
of higher weighting intermixed with pulses of lower
weighting.
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