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(54) Image processing apparatus

(57) A display device comprises a display (2), a dis-
play memory (1) and an image processing apparatus
(20). Input colour component samples representative of
a colour image are stored in the display memory (1) prior
to being displayed. The input colour component sam-
ples are read out from the display memory (1) and proc-
essed by the image processing apparatus (20) before
being displayed by the display device. The image
processing apparatus comprises a colour dynamic
range converter (30) operable to increase the resolution
of the input colour component samples, a low pass filter

(36) operable to filter the increased resolution colour
component signal samples, and a detection processor
(34). The detection processor (34) analyses the input
colour component samples to detect a difference be-
tween samples associated with detail appearing in the
colour image. Consequent upon detection of this detail
the detection processor (34) adjusts the bandwidth of
the low pass filter in correspondence with the detected
detail. The image processor thereby increases a colour
palette available to display the colour image, with an ad-
vantage that detail is preserved in the reproduced image
which may otherwise be lost.
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Description

Field of the Invention

[0001] The present invention relates to image
processing apparatus and methods for enhancing col-
our images.

Background of the Invention

[0002] For most applications, an amount of data re-
quired to represent colour images demands that some
form of compression or bandwidth reduction is per-
formed in order to reduce the amount of data, which
must be communicated or stored. This is because col-
our images require at least a representation of the red,
green and blue (RGB) components of the image to be
communicated or stored in order to provide a faithful
representation of the original colour of the image. Next
generation mobile radiotelephones may require a facility
to receive and display colour images over a wireless link
for display on a screen provided as part of the telephone.
Similarly, for applications such as Personal Digital As-
sistants (PDA) there is a requirement to communicate
and store colour images for display. For such applica-
tions, the colour images may be either received in com-
pressed form or compressed when received in order to
reduce an amount of data, which is required in order to
communicate or store the image.
[0003] One technique for reducing an amount of in-
formation, which is required in order to store a represen-
tation of a colour image, is to reduce a dynamic range
of the RGB signal samples by reducing a number of bits
that are used to represent the RGB components. For
example, if each pixel is represented as 18-bits, each
RGB component will be allocated a 6-bit value providing
a range of 64 possible colour values for each compo-
nent, producing 262144 different colours. If the number
of bits used to represent each component is reduced to
4-bits, each pixel can be represented as 12-bits provid-
ing a 33% reduction in the size of a memory required to
store the colour image. However, a result of this reduc-
tion is to reduce the number of possible colours to 4096,
which can be represented by each pixel, thereby reduc-
ing the so-called "colour palette" available to represent
the image. As a result, the quality of the stored image
when reproduced may be affected. For example, certain
images such as faces or sun sets may suffer from con-
tour effects, which appear on certain areas of the image
due to a limitation on the number of available colours,
resulting from the reduced colour palette. Preferably,
therefore a reduction in the number of bits used to rep-
resent the signal samples should be provided without
reducing the quality of the reproduced image.

Summary of Invention

[0004] According to the present invention there is pro-

vided an image processing apparatus operable to proc-
ess input colour component signal samples represent-
ative of an input colour image to produce output colour
component signal samples representing an enhanced
version of the input colour image. The apparatus com-
prises an enhancing processor operable to increase the
dynamic range of the input colour component samples,
a low pass filter operable to filter the increased dynamic
range colour samples to form the output colour compo-
nent samples, and a detection processor. The detection
processor is operable to detect input colour component
samples associated with a representation of detail ap-
pearing in the input colour image. Consequent upon de-
tection of the detail in the image, the detection processor
is operable to adjust the bandwidth of the low pass filter
in correspondence with the detected detail.
[0005] Embodiments of the present invention are ar-
ranged to provide a facility for reducing an amount of
data which is required to represent a colour image,
whilst improving or at least maintaining the quality of the
image when reproduced. To this end, an image proces-
sor embodying the present invention is provided with a
colour enhancing processor which is arranged to im-
prove a dynamic range with which the colour compo-
nents of the image are represented by increasing a
number of bits used to represent the RGB colour com-
ponent samples. The increased dynamic range samples
are then filtered with a low pass filter in order to provide
a smooth transition between the colours of the repro-
duced image. However, in order to reduce a likelihood
of losing detail within the reproduced image a detection
processor is arranged to detect signal samples repre-
sentative of the detail within the image and to adjust the
band width of the low pass filter in correspondence with
the detected detail. In one embodiment the samples rep-
resenting the detail are arranged to bypass the low pass
filter. As a result, a likelihood of losing detail in the image
is reduced, whilst reducing a likelihood of contour effects
which may appear in the image as a result of a reduced
colour palette caused by a low dynamic range of the col-
our component signal samples.
[0006] Further advantageous features of the present
invention will become apparent from a description of
embodiments. In particular, the image processor provid-
ing the enhanced dynamic range colour samples may
be implemented with a small number of components,
providing a cost effective implementation.
[0007] Various further aspects and features of the
present invention are defined in the appended claims.

Brief Description of Drawings

[0008] Embodiments of the present invention will now
be described by way of example only with reference to
the accompanying drawings, where like parts are pro-
vided with corresponding reference numerals, and in
which:
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Figure 1 is a schematic block diagram of an LCD
display module;
Figure 2 is a schematic block diagram of an LCD
display module including an image processor ac-
cording to an embodiment of the invention;
Figure 3 is a representation of an example colour
image which suffers from contour effects resulting
from a limited colour palette;
Figure 4 is a schematic block diagram of the image
processor appearing in Figure 2;
Figure 5 is a schematic block diagram of a dynamic
range converter appearing in Figure 4;
Figure 6 is a table providing an illustration of values
required to increase signal samples in accordance
with an increased dynamic range with respect to a
corresponding increase produced by copying most
significant bits into least significant bits;
Figure 7 is a schematic illustration of an impulse re-
sponse of a moving averaging filter of eight taps du-
ration;
Figure 8 is a schematic block diagram of a low pass
filter appearing in Figure 4;
Figure 9 is a schematic block diagram of a detection
processor appearing in Figure 4;
Figure 10 is a flow diagram representing the oper-
ation of the image processor shown in Figure 4; and
Figure 11 is a representation of the example colour
image after being processed by the image proces-
sor shown in Figure 3.

Description of Preferred Embodiments

[0009] An embodiment of the present invention will
now be described with reference to an LCD display mod-
ule. Figure 1 provides an illustration of a typical LCD
display module such as that which would be used within
a mobile radiotelephone or a personal digital assistant.
As mobile radiotelephones move towards the next gen-
eration, the so-called third generation (3G), there will be
an increasing demand to display digital images on a dis-
play module of mobile radiotelephones. A typical display
module for this application is an LCD display panel and
as shown in Figure 1, such a module comprises a dis-
play memory 1 which is arranged to store signal sam-
ples representative of a digital image which is to be dis-
played on an LCD display panel 2. Pixels which are rep-
resentative of the colour image to be displayed are re-
ceived on a connecting channel 4 and written into the
display memory 1 using write address logic 8. When the
image is to be displayed, the signal samples, stored in
the memory 1, are read by read address logic 10 and
converted into the analogue domain by a digital to ana-
logue converter 12 before being displayed on the LCD
panel 2.
[0010] As already explained, the present invention
provides a facility for reducing the amount of data stor-
age, that is the size of the display memory 1 for the
present example, whilst maintaining the quality of the

image to be displayed on, for example the LCD panel 2.
The reduction in the amount of data storage is achieved
by reducing the dynamic range of the signal samples
representing the colour components. Alternatively, the
colour image may be received with component signal
samples having a reduced dynamic range as a result of
being truncated, which may be required to communicate
the image. As will be appreciated the RGB components
will be truncated by the same amount. For both these
examples, an image processor embodying the present
invention is arranged to improve a representation of the
received or stored colour image. As will be explained,
the improvement can facilitate a faithful or at least im-
proved reproduction of the original image with a reduced
likelihood of contour effects, which may appear in the
image.
[0011] An embodiment of the present invention is il-
lustrated in Figure 2. Figure 2 shows the LCD display
module of Figure 1 in combination with an image
processing circuit 20. As shown in Figure 2, the pixels
of the colour image as received on channel 4 are repre-
sented as only 12 bits rather than 18 bits as shown in
Figure 1. The reduction in the resolution of the signal
samples may be provided by a colour truncating proc-
essor 15. The colour truncating processor 15 may re-
duce the dynamic range of the signal samples by trun-
cating the signal samples from 18-bits to 12-bits by dis-
carding the two least significant bits of each RGB com-
ponent. As such, the RGB colour components are rep-
resented as 4 bits rather than 6 bits, resulting in a 33%
reduction in a storage requirement of the display mem-
ory 1.
[0012] A result of reducing the dynamic range of the
colour signal samples by truncating from 6 bits to 4 bits
is to reduce the colour palette available for displaying
the reproduced image. As a result a colour image may
suffer a reduction in quality which can cause contours
or apparent flat sections to appear in the reproduced im-
age. An example of such a colour image suffering from
contour effects as a result of a reduced colour palette is
shown in Figure 3.
[0013] In order to reduce the likelihood of contour ef-
fects appearing in the reproduced image, the display
module according to the present invention is provided
with an image processor 20. The image processor 20 is
arranged to increase the dynamic range of the colour
component signal samples, which are read out of the
display memory 1. As shown in Figure 2, for the example
embodiment illustrated, the number of bits, which are
used to represent each pixel, is increased from 4-bits to
6-bits. The image processor 20 is shown in more detail
in Figure 4.
[0014] In Figure 4 the image processor 20 receives
the 4 bit RGB colour component signal samples on a
connecting channel 22 from the read address logic 10.
The colour component signal samples are fed to a col-
our dynamic range converter 30 and a detection proc-
essor 34 in parallel. The dynamic range converter 30 is
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arranged to increase the number of bits, which are used
to represent the colour component signal samples from
4 bits to 6 bits. The enhanced colour component signal
samples are then fed to a low pass filter 36 after which
the enhanced signal samples are fed to an output chan-
nel 24. As shown in Figure 2, the enhanced signal sam-
ples are fed to a digital to analogue converter 12 as
shown in Figure 4.
[0015] The detection processor 34 is arranged to gen-
erate a filter selection control signal, which is fed on a
channel 38 to the low pass filter 36.
[0016] In accordance with the increased dynamic
range provided by the dynamic range converter 30, the
values of the 4-bit signal samples can be scaled to re-
flect the enhanced dynamic range provided by increas-
ing the number of bits to six. In order to adjust the colour
component sample values in accordance with the in-
creased dynamic range, the values of the input signal
samples are multiplied by again factor G. The gain factor
G is determined in accordance with the original resolu-
tion of n-bits and the increase in the resolution to q-bits
as represented by the following equation:

[0017] To reduce a number of components required
to implement the gain factor G, the gain factor G is ap-
plied by copying the two most significant bits from the 4
bit input sample into the two least significant bits ap-
pended to the 6-bit output sample. Such an arrange-
ment for applying the gain to the input signal samples is
illustrated in Figure 5. In Figure 5, the 4 bit input signal
sample is represented as the letters A B C D which are
stored in a four stage register 40. A six stage register
42 is provided for forming the output signal sample. Con-
necting the four stage register to the six stage register
are connecting channels 44. As shown in Figure 5 the
connecting channels arrange for the 2 bit values A, B in
the first two stages of the shift register 40 to be copied
into the last two stages of the register 42. Thus, the val-
ues of the two least significant bits of the output signal
sample are formed from the most significant bits of the
input signal samples.
[0018] Figure 6 provides a table illustrating all possi-
ble values of the 4-bit input signal samples with respect
to the gain required to adjust the signal sample values
from 4-bits to 6-bits, to take advantage of the increased
dynamic range. The gain, as calculated by the above
formula, is shown with respect to the gain, which is pro-
vided by bit replication in accordance with the arrange-
ment of registers shown in Figure 5. As can be seen in
Figure 6 the bit replication arrangement provides a good
approximation to the calculated gain factor G but has an
advantage of not requiring any multiplier components,
thus reducing implementation costs.
[0019] The enhanced colour component signal sam-

G = 2q-1

2m-1
-------------

ples are filtered by a low pass filter 36 in order to provide
a smooth transition between colour values. Filtering the
signal sample values has the effect of reducing the like-
lihood of contour effects, which may appear in the re-
produced image. In preferred embodiments, the low
pass filter 36 is implemented as a moving averaging fil-
ter having an impulse response as shown in Figure 7.
Figure 7 illustrates an impulse response of an eight tap
moving averaging filter providing an effective width of
TW.
[0020] A moving averaging filter effectively forms an
output signal sample from the average values of the in-
put signal samples within a window formed by the im-
pulse response of the moving averaging filter. The filter
is arranged to form a smoothing effect on the contours
of the image caused by the limited dynamic range of the
resolution of each signal sample.
[0021] For the present example shown in Figure 7 an
eight tap moving averaging filter is used so that the out-
put sample is formed from an average of the values with-
in the eight tap window. As will be explained shortly, in
other embodiments, as well as the eight tap moving av-
eraging filter, the low pass filter 36 includes a four tap
moving averaging filter and a two tap moving averaging
filter. These are used to provide an increase in the pass
bandwidth of the low pass filter as the samples repre-
senting detail move towards a centre tap of the eight-
tap filter. This provides a more gradual amount of filter-
ing to the enhanced signal samples, where the detection
processor determines that these signal samples repre-
sent detail.
[0022] Figure 8 provides an illustration of the low pass
filter 36 according to one example embodiment. In Fig-
ure 8 the low pass filter 36 has three moving averaging
filters, which include the eight-tap filter having an im-
pulse response shown in Figure 7. As shown in Figure
8 an eight-tap delay 50 is used to delay the input signal
samples by eight samples. At the output of the eighth
tap, adders 52, 54 are used to form the output sample
in combination with a one-stage register 56. Effectively,
the filter 36 shown in Figure 8 implements a moving av-
eraging filter by accumulating the last eight signal sam-
ple values as performed by the adder 54 whilst subtract-
ing the last value to pass thorough and fall outside the
eight tap window as implemented by the adder 52. The
adders 52, 54 and the register 56 therefore form an ac-
cumulation unit 58 to provide the calculation of the mov-
ing average output.
[0023] Effectively therefore, the accumulation unit 58
shown in Figure 8 implements a moving averaging filter
without a requirement for summing and dividing all the
signal sample components within an eight tap window
to calculate every output signal sample. The circuit
shown in Figure 8 therefore provides an advantage in
reducing the number of components required to imple-
ment the moving averaging filter and for which no mul-
tipliers are necessary. Correspondingly, second and
third accumulation units 58', 58" form output signal sam-
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ples representing the four-tap and two-tap moving av-
eraging filters. To this end, the second accumulator 58'
is arranged to receive samples from the second stage
and the sixth stage to form the four-tap moving averag-
ing filter, whereas the third accumulator 58" is arranged
to receive samples from the third stage and fifth stage.
Thus the eight, four and the two tap filters are centred
with respect to a common temporal reference.
[0024] As shown in Figure 8, the control signal is re-
ceived from the channel 38 by a selection processor 59.
The selection processor 59 has four input channels 51,
53, 55, 57. The four input channels 51, 53, 55, 57 are
arranged to receive the output sample from the eight tap
moving averaging filter 51, the output sample from the
four tap moving averaging filter 53, the output sample
from the two tap moving averaging filter 55, and the sig-
nal sample from the fourth stage of the shift register 50,
respectively. The selection of the output from either the
two tap, the four tap, or the eight tap output, or the by-
pass sample from the fourth stage of the shift register is
determined in accordance with the control signal re-
ceived from the detection processor 34.
[0025] In order to avoid a likelihood of reducing the
clarity of detail such as edges or single pixel objects in
the reproduced image, the detection processor is used
to detect such detail. The detection processor then gen-
erates a control signal in order to select output samples
from either the eight-tap, four-tap or two-tap moving av-
eraging filter, or the bypass sample. Effectively, the se-
lection signal adjusts the bandwidth of the low pass filter
in accordance with the relative position of pixels repre-
senting detail with respect to the centre tap. Figure 9
provides an example implementation of the detection
processor 34. As shown in Figure 9 the detection proc-
essor 34 comprises a shift register 60 having eight stag-
es which correspond to the stages of the shift register
50 used in the low pass filter 36. As shown in Figure 9,
an adder 62 is arranged to receive an input signal sam-
ple and a signal sample of the output of the second stage
of the shift register 60. The adder 62 is arranged to sub-
tract the newly received signal sample from the signal
sample present in the second stage to form a difference
at an output 64. A threshold processor 66 then com-
pares the difference between the signal samples with a
predetermined threshold and if the difference is greater
than the threshold, the processor 66 produces a control
signal on the control channel 38. The threshold is deter-
mined so that detail is detected if all of the three RGB
signal samples are greater than the corresponding val-
ues of the RGB samples of a pixel from two sample pe-
riods earlier. However, in addition to the adder 62 a fur-
ther adder 68 is arranged to calculate a difference be-
tween the output of the fourth stage and the second
stage, which is also fed to the threshold processor 66.
[0026] The operation of the detection processor is
represented by the flow chart in Figure 10. As shown in
Figure 9 the latest signal sample is compared with the
contents of the second previous signal sample as per-

formed by the adder 62. The threshold processor 66 de-
termines whether detail has been detected between
these two compared signal samples, which is represent-
ed in Figure 10 as step S2.
[0027] As mentioned above, the threshold processor
66 also receives a comparison between the output of
the second stage of the shift register and an output of
the fourth stage of the shift register as performed by an
adder 68. Therefore, at step S4 in the flow diagram the
threshold processor determines whether the detail has
been detected between effectively a latest signal sam-
ple and the second previous signal sample within a four
tap window provided by sample values at the outputs of
the third, fourth, fifth and sixth register stages.
[0028] If the threshold processor determines that de-
tail has not been detected within the four-tap filter, but
is present in the eight-tap filter, from a comparison of
the contents of the second and fourth stage of the eight
tap delay, then at step S4 the threshold processor de-
termines that the four tap filter should be selected to pro-
duce the output pixel samples, at step S5. If the thresh-
old detection processor determines that the detail sam-
ples is within the four tap filter but just before the two
centre taps forming the two-tap filter the processing pro-
ceeds to step S8.
[0029] At step S8 the value of the signal sample in the
fourth stage is also compared with a second threshold
formed between the threshold value for detecting detail
and a predetermined offset value, as expressed below:

[0030] If the signal sample value is greater than the
threshold, but less than the threshold plus the offset val-
ue, then the control signal is generated on the channel
38 to select the output of the two-tap moving averaging
filter 55, as performed by the step S10. If however the
value of the signal sample is greater than the threshold
plus the offset value, then the bypass sample is selected
from the output of the fourth-tap of the shift register 50.
[0031] If detail is not detected at either step S2 or S4
then the processing proceeds via the loop S6 to the be-
ginning of step S2 and the control signal is generated to
select the output from the eight tap filter.
[0032] A further advantage is provided by selecting ei-
ther the four-tap output or the two tap output independ-
ence upon the relative position of a sample representing
detail in the colour image and the value of the samples
representing the colour image. Effectively, the threshold
processor is adjusting the bandwidth of the low pass fil-
ter in accordance with the relative frequency bandwidth
of the pixels samples passing through the filter. Accord-
ingly, as the detail pixels sample are detected within the
eight tap window, but just before the four tap window,
then the four tap output is selected. If the detail pixel
samples are detected within the four taps window but
just before the two-tap window, then the output from the

Threshold < sample value < (Threshold + offset)
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two-tap window is selected. Otherwise the output sam-
ples from the eight tap moving averaging filter are se-
lected. By selecting a degree of filtering in accordance
with a relative position in the eight-tap window, an im-
proved representation of the colour image is provided
in which the likelihood of contour effects is reduced.
[0033] Furthermore, it has been found to improve the
colour image quality if the two tap moving averaging fil-
ter is used to produce output samples, when samples
representing detail in the colour image are determined
to fall between the threshold and the threshold value
plus the predetermined offset. The predetermined offset
value is set to detect sample values which exceed the
threshold value by a relatively small amount. It has been
discovered that filtering such sample values with a two
tap moving averaging filter provides an improvement in
the reproduced colour image. This is because these
sample values which just exceed the threshold but not
the offset represent intermediate detail in the repro-
duced image which requires some limited degree of fil-
tering with respect to the two immediately surrounding
samples. Therefore as illustrated by step S7, S8 and
S10, if the difference between signal samples is greater
than the threshold plus the offset, then the filter is by-
passed and the centre sample that is that contained in
the fourth stage of the register 60 is passed to the output
of the filter.
[0034] A result of processing an image represented
as 12 bit signal samples shown in Figure 3 with the im-
age processor 20 is shown in Figure 11. As can be seen
in Figure 12 the contour effects which appear in the face
of the women in Figure 3 have been removed. However
the fine detail information has been preserved in this im-
age.
[0035] Although in the example embodiment de-
scribed above, the low pass filter is arranged to filter only
one-dimensional signal samples, in alternative embod-
iments a two-dimensional filter may be used to provide
a further improvement in the reproduced image. It will
be appreciated therefore that the filter could be arranged
to filter vertical or horizontal component samples of the
image.
[0036] Various modifications may be made to the em-
bodiments of the invention as herein before described
without departing from the scope of the present inven-
tion. In particular, as will be appreciated a colour image
may be compressed by representing the colour samples
with an even smaller number of bits. The colour image
may then be recovered by increasing the resolution of
the bits as the colour signal samples are read out from
the memory, to the original resolution in accordance with
the embodiments described above. Thus it will be ap-
preciated that resolutions other than 12 bits for storing
the colour image, and the enhanced resolution samples
of 18 bits are envisaged.

Claims

1. An image processing apparatus operable to proc-
ess input colour component signal samples repre-
sentative of an input colour image to produce output
colour component signal samples representing an
enhanced version of said input colour image, said
apparatus comprising

an enhancing processor operable to increase
the dynamic range of the input colour component
samples,

a low pass filter operable to filter the increased
dynamic range colour signal samples to form said
output colour component samples, and

a detection processor operable to detect input
colour component samples associated with a rep-
resentation of detail appearing in said input colour
image, and consequent upon detection of said de-
tail said detection processor is operable to adjust
the band width of the low pass filter in correspond-
ence with the detected detail.

2. An image processing apparatus as claimed in Claim
1, wherein said detection processor is operable to
adjust the bandwidth of low pass filter by selecting
said increased dynamic range colour samples rep-
resenting said detail as the output colour compo-
nent signal samples, without passing through said
low pass filter.

3. An image processing apparatus as claimed in Claim
1 or 2, wherein said input colour signal samples are
represented as a predetermined number of bits n
and said enhancing processor is operable to in-
crease the resolution of said input colour compo-
nent samples by adding a predetermined number
of additional least significant bits l to said input col-
our signal samples and copying the values of the
corresponding number l of most significant bits of
said input component signal samples into the l least
significant bits.

4. An image processing apparatus as claimed in Claim
1, 2 or 3, wherein said low pass filter includes a mov-
ing averaging filter having a predetermined number
of taps d.

5. An image processing apparatus as claimed in Claim
4, wherein said input colour component samples
are passed through said moving average filter to
form said output colour component samples, and
consequent upon detection of detail the samples of
said input colour component samples associated
with said detail are passed to said output when said
associated samples reach a centre tap of said mov-
ing averaging filter.

6. An image processing apparatus as claimed in any
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preceding Claim, wherein said low pass filter com-
prises a plurality of low pass filters, each having a
different pass bandwidth, and the detection proces-
sor is operable to adjust the bandwidth of low pass
filter by selecting the output of one of said low pass
filters.

7. An image processing apparatus as claimed in Claim
6, wherein each of said low pass filters comprises
a moving averaging filter, each having a different
number of taps, each of said moving averaging fil-
ters providing a different length window of input sig-
nal samples centred with respect to a common tem-
poral sample position, and said detection processor
is operable to detect samples representative of said
detail with respect to said common temporal refer-
ence and consequent upon said detection, to select
the output signal sample from a corresponding one
of said moving averaging filters, before said detail
samples have entered the window of the filter.

8. An image processing apparatus as claimed in Claim
6 or 7, wherein said detection processor is operable
to detect the samples associated with said detail by
comparing successive samples present in the taps
of said moving averaging filters.

9. An image processing apparatus as claimed in Claim
8, wherein said detection processor is operable to
detect samples associated with detail by comparing
each of the colour component samples of one pixel
with the corresponding colour component sample
of a successive pixel, and if each of the colour com-
ponent samples of the successive pixel has
changed, detecting detail represented by said suc-
cessive pixel.

10. An image processing apparatus as claimed in Claim
8 or 9, wherein said compared samples are sepa-
rated by two sample periods.

11. A display device comprising a display, a display
memory and an image processing apparatus as
claimed in any of Claims 1 to 10, wherein input col-
our component samples representative of a colour
image are stored in said display memory prior to be-
ing displayed and said input colour component
samples are read out from said display memory and
processed by said image processing apparatus be-
fore being displayed by said display device.

12. A display device as claimed in Claim 11, comprising
a compressing processor operable to receive

said input colour component samples and to reduce
a resolution of each of said samples by discarding
at least one least significant bit of each said sample,
said reduced resolution samples being stored in
said memory, wherein a capacity of said memory

required to store said colour image is reduced in ac-
cordance a number of said least significant bits of
each said sample discarded.

13. A display device as claimed in Claim 11 or 12,
wherein said display is a Liquid Crystal Display
(LCD).

14. A display device as claimed in Claim 11, 12 or 13,
wherein enhanced colour component signal sam-
ples produced by said image processing apparatus
are converted to analogue form by an analogue-to-
digital converter for display on said LCD display.

15. A computing or communicating device having a dis-
play device according to any of Claims 11 to 14.

16. A mobile radiotelephone having a display device as
claimed in any of Claims 11 to 14.

17. A method of processing input colour component
signal samples representative of an input colour im-
age to produce output colour component signal
samples representative of an enhanced version of
said input colour image, said method comprising

increasing the resolution of the input colour
component samples,

low pass filtering the increased resolution col-
our component signal samples to form said output
colour component samples, and

detecting input colour component samples
associated with a representation of detail appearing
in said input colour image, and consequent upon
detection of said detail, adjusting the band width of
the low pass filter in correspondence with the de-
tected detail.
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