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Description

[0001] The invention relates to power reduction in lig-
uid crystal displays. More particularly, the invention re-
lates to a method of reducing the power required to dis-
play a sequence of digital images on a liquid crystal dis-
play, and to hardware for implementing this method.
[0002] Figure 1 shows a typical Active Matrix Liquid
Crystal Display (AMLCD) 2 comprising N rows and M
columns of pixels 4. The boxes at the periphery of the
matrix represent the display driver electronics, compris-
ing a scan driver 6 with outputs connected to each row
of pixel transistor gate electrodes (not shown), and a data
driver with outputs connected to each column of pixel
transistor source electrodes (not shown). The scan driver
6 and data driver 8 can be either analogue or digital, and
can be implemented in IC technology or else monolithi-
cally using Thin Film Transistors.

[0003] In a typical AMLCD with digital drivers, an ex-
ternal LC controller IC supplies to the data driver a stream
of digital image data, together with timing and control
signals. The image data is usually clocked into an array
of input registers in a line-sequential, fixed n-bit parallel
RGB format, under the control of the data clock and the
line (horizontal) synchronisation pulse. Once a line of n-
bit RGB data has been read into the input registers, it is
transferred into an array of n-bit storage registers. During
the time that the subsequent line of input data is being
sampled into the input registers, the data in the storage
registers is input to an array of n-bit Digital-to-Analogue
Converters (DACs) in order to provide analogue voltages
for driving the M data lines of the active matrix. The row-
sequential outputs of the scan driver determine which of
the N rows of pixel transistors is activated in order to
receive the data on the data lines.

[0004] In a typical AMLCD with analogue drivers, the
external controller IC supplies to the data driver an ana-
logue video signal, together with timing and control sig-
nals. There are two main types of analogue data driver,
referred to as line-at-a-time or point-at-a-time. In a line
at a time data driver, one line of image data is read onto
storage capacitors in the driver, before being applied to
the active matrix through analogue buffers.

[0005] Alternatively, in a point-at-a-time analogue driv-
er, the video data is written directly to the data lines of
the active matrix, through sampling transistors which are
controlled by the timing generator of the driver.

[0006] An example of a typical LC controller IC 10 is
shown in Figure 2. The controller can take input video
datain either luminance and chrominance format or RGB
format, and supplies either analogue or digital gamma-
corrected RGB to the LC data drivers of an active matrix
display. On-screen display data, for example user-inter-
face functions such as brightness etc., is supplied by the
SRAM memory 12, and used to overwrite the video data
in the display mixer circuit 14 shown.

[0007] From the above description of a standard fixed-
format display, itis apparent that the power consumption
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of the data driver, the controller IC and the display is
essentially constant. Typical sources of power consump-
tion within the data driver and IC controller include the
data sampling circuits, the distributed clock and timing
signals and the DAC and amplifier circuits.

[0008] Within the field of mobile communication and
information products, such as internet mobile phones and
Personal Digital Assistants (PDAs), there is a need for
displays which are capable of showing a variety of image
formats whilst at the same time minimising power con-
sumption. An example of such an applicationis illustrated
in Figure 3, which illustrates a conceptual mobile tele-
phone handset capable of showing a variety of image
formats, in accordance with the application thatis running
on the handset. Desirable image formats include high
quality video data or high-resolution colour text and video
overlay through to low resolution standby graphics or low
frame-rate text.

[0009] Standard digital data drivers and controllers, of
the type described above can meet the requirements for
driving an active matrix display with video and high-res-
olution colour graphics, with typically 6 to 8 bits per RGB
and 60Hz frame rates. However, this solution consumes
unnecessary power in circumstances when the input im-
age is of lower quality, for example with reduced colour
resolution and/or frame-rate.

[0010] In order to overcome the above problem, and
to support a plurality of input sources for overlay func-
tions, the applicant has proposed a multi-format digital
data driver 16 and active matrix display, as illustrated in
Figure 4. In this type of data driver, the mode of operation
is controlled by simple Format Control Signals (SB, MB,
NB and FRC). The format is selected in order to optimise
the power consumption in accordance with the type of
data to be displayed. Example operating modes are:
monochrome, colour of various resolution (bit-plane) set-
tings, 1 bit per colour data overlay (superimpose) function
and reduced frame-rate driving.

[0011] The multi-format driver 16 takes standard clock
and control signals and a plurality of image data inputs,
for example a colour grey-scale input and a binary colour
input. The grey-scale input, D(1:n+m), is a parallel input
of n+m bit width, where m corresponds to the number of
most significant data bits of the grey-scale and n to the
number of least significant data bits of the grey-scale.
The inputis represented as D(1:n+m) because it contains
bits 1 to n+m. This input supplies grey-scale pixel image
data with one of two resolutions: high resolution where
all n+m bits are read by the driver 16, and low resolution
where only the m MSBs are read by the driver 16. The
binary input, D, is a 1-bit input which supplies independ-
ent black/white pixel image data.

[0012] The operation mode of the multi-format driver
16, i.e. the driver format, is controlled by the format con-
trol signals, also indicated in the diagram. In the example
shown, three Bit-Resolution Control (BRC) control sig-
nals, SB, MB and NB are supplied, together with a Frame
Rate Control (FRC) signal. The bit-resolution signals are
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distributed where necessary to the components of the
multi-format driver 16 so that a particular driver format
can be enabled with the lowest possible power consump-
tion.

[0013] Figure 5 shows the trade off between the image
quality and the power consumption, where it can be seen
that the lowest power consumption is for one bit text data,
and the highest power consumption is for n+m (e.g. 6 bit)
video data with 1 bit overlay text.

[0014] The table in Figure 6 shows an example of how
three bit-resolution signals SB, MB and NB, can be used
to select the five possible driver format modes shown in
Figure 5. Each control signal is responsible for enabling
specific circuits within the multi-format driver 16, as
shown in Figure 7. SB enables the circuitry 18 associated
with the single input data stream, D, which is used during
the 1 bit display mode and when the overlay function is
applied. MB enables the circuitry 20 associated with the
most significant bits of the grey-scale input, D(n+1:n+m).
NB enables the circuitry 22 associated with the least sig-
nificant bits of the grey-scale input, D(1:n). In addition to
the input signal combinations shown in the table, when
all format control signals are 0, the multi-format driver 16
is essentially off.

[0015] The variable resolution Digital-to-Analogue-
Converter (DAC) 24, shown in Figure 8, is used to convert
the input data into analogue format suitable for driving
the data lines of the panel. Parts of the circuit which are
not used for a particular format, in particular the buffers
during low-resolution mode, are disabled to reduce pow-
er consumption.

[0016] Theframerate control signal (FRC)canbeused
to enable circuitry for refreshing the active matrix display
at slower update rates than the input frame rate. This can
be particularly useful for saving power in situations where
the input data is not changing, as for example in a static
image.

[0017] Sometimes liquid crystal displays are used to
display images which may remain static, or substantially
static, for a period of time. In the prior art this has resulted
in energy being wasted by continuing torefresh theimage
at the same rate, even though the image is static. The
invention reduces power consumption by reducing the
rate at which the liquid crystal display is updated in such
circumstances.

[0018] Itis known to use alinear feedback shift register
(LFSR) to generate an image signature, but not in the
context of reducing the power consumption of a liquid
crystal display.

[0019] US 5,528,602 (West et al) describes use of a
linear feedback shift register (therein referred to as an
MISR) for determining the length of a stream of data cor-
responding to a video image to be displayed.

[0020] US 3,976,864 (Gordon et al) describes a meth-
od for fault-testing digital apparatus. Digital words, de-
rived from binary voltages arising at a point in the circuit
under test, are fed into a suitably clocked feedback shift
register. After a predetermined delay the register outputs
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a signature word, characteristic of the behaviour of the
circuit.. Two signatures, derived at different times, may
be compared.

[0021] US 5,862,150 (Lavelle et al.) describes use of
an LFSR to generate an image signature.

[0022] EPO 655 725 describes a method of reducing
power consumption for an LCD panel in which every dot
of the video signal for one field is compared with the last
field read out from a memory 13.

[0023] US 5,812,149 (Kawasaki et al) describes the
use of a frame memory and bitwise comparison to reduce
the power consumption of a backlight.

[0024] US 5,412,665 (GRUODIS ALGIRDAS et al) de-
scribes a linear feedback shift register, LFSR, with par-
allel operation for improved speed.

[0025] According to the invention there is provided a
method, a data analysis means, and a liquid crystal dis-
play device, as set out in the accompanying claims.
[0026] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings, in which:

Figure 1 shows a typical active matrix display with
analogue or digital drivers;

Figure 2 shows a typical active matrix display con-
troller IC;

Figure 3 shows a conceptual application of multiple
format image data;

Figure 4 shows a multi-format digital data driver;

Figure 5 shows power consumption versus image
quality for a multi-format display;

Figure 6 shows a table of format control signals and
selected display formats;

Figure 7 shows the power control of the data sam-
pling circuits of a multi-format driver; Figure 8 shows
variable resolution digital to analogue conversion;

Figure 9 shows a system achieving content driven
display format control;

Figure 10 shows the functional components of the
data analysis means of Figure 9;

Figure 11 shows a generalised timing diagram for
the data analysis means;

Figure 12 shows an embodiment of the data analysis
means used to generate bit-resolution control sig-
nals;

Figure 13 shows a timing diagram for the bit-resolu-
tion control embodiment of Figure 12;
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Figure 14 shows an embodiment of the data analysis
means used to detect a static image and to output a
Frame Rate Control Signal;

Figure 15 shows a data analysis arrangement for
analysing image data supplied to the data driver of
a liquid crystal display;

Figure 16 shows an active matrix liquid crystal dis-
play provided with data and scan drivers, and also
with the data analysis arrangement of Figure 15;

Figure 17 shows a 4 stage linear feedback shift reg-
ister (LFSR) suitable for use in the data analysis ar-
rangement of Figure 15;

Figure 18 shows how additional logic gates can be
added to the arrangement of Figure 17 to allow the
LFSR to produce a signature of a data set;

Figure 19 shows the generation of sub-signatures
for a first image; and

Figure 20 shows the generation of sub-signatures
for a second image which represents a translation
of the firstimage by a distance of one pixel to the left.

[0027] A simplified block diagram is shown in Figure
9. A data analysis means 26 operates on input data, un-
der the control of display timing signals in order to gen-
erate format control signals for a programmable multi-
format digital data driver 28. The data analysis means
26 can be implemented remotely from the display driver
28, say within the LC controller (not shown), or it can be
distributed within the data driver 28 itself.

[0028] Figure 10 shows a generalised view of the func-
tional components within the data analysis means 26,
which comprises two main functional units: a data anal-
ysis unit 30, and a format control register 32.

[0029] Within the data analysis unit 30 there exists an
array of analysis logic blocks 34 which operate on the
plurality of digital image data inputs during each frame
of data. The logic blocks 34 can be simple combinational
logic for detecting particular bit-sequences or bit-activi-
ties within the input data stream, or else they can be more
complex functions such as adders or counters.

[0030] The outputs from the logic blocks 34 are latched
in an array of temporary registers (represented by the
SR block in Figure 10, and Figure 12 for example shows
3 such temporary registers), which are reset at the start
of each frame of data, using for example the Vsync ver-
tical synchronisation pulse. Each frame is made up of N
lines, and a vertical and horizontal synchronisation pulse
occurs at the beginning of each frame and line respec-
tively.

[0031] At the end of the frame of data the analysis re-
sults for that frame are clocked out of the temporary reg-
isters, using for example the gate pulse from the last row
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of the scan driver, and stored in the Format Control Reg-
ister 32. The outputs of the format control register 32 are
used as the format control signals for the next frame of
data.

[0032] A generalised timing diagram for the data anal-
ysis means 26 is shown in Figure 11. Attime T, the tem-
porary storage registers 36 are 'reset’ by the Vsync sig-
nal, which indicates the beginning of a new frame of data.
The data enters the data analysis means 26 and is also
input directly to the display driver 28, which is pre-con-
figured according to the format control signals derived
from the previous frame.

[0033] Aseachnew lineof datais clocked into the data
analysis means 26, the array of logic blocks 34 monitor
the data for particular activities or signature patterns,
such as the number of bits, or the presence of text data
etc. If a particular signature pattern is detected, the rel-
evant logic block outputs a ’high’ signal and the corre-
sponding temporary storage registers 36 are 'set’. Attime
T4, the high signal from the scan driver pulse of row N,
Gy indicates that the last row of data has been read into
the data analysis means 26 and the results from the tem-
porary storage registers 36 are clocked into the array of
format control registers 32.

[0034] During the time between T, and T, the format
control signals are used to re-configure the multi-format
digital data driver 28 for the next frame of data, into the
optimum or lowest power configuration for data of the
same type as that received during the current frame.
[0035] Figure 12 shows an embodiment of the data
analysis means 26 which is suitable for driving a multi-
format digital data driver 28 with the format control signals
shown in Figure 6. In this simple embodiment there are
two logic blocks 38, 40, three temporary storage registers
42,44, 46 and three format control signals (NB, MB, SB)
to control the bit resolution of the driver 28. During each
frame of data, the 'OR’ gates 38,40 detect the presence
of activity within any of the MSB image data inputs, the
LSB image data inputs or else the text data input. If any
activity is detected, the corresponding 'SR latch’
(42,44,46) is 'set’ and the activity signals Ay, Ay and Ag
are transferred to the format control register 32 at the
end of the frame.

[0036] The timing diagram for this embodiment is
shown in Figure 13, for various data formats. At time T4,
all activity signals are reset to 'low’ by the frame synchro-
nisation pulse VSync and the format control signals MB,
NB and SB remain at the values determined by the pre-
vious frame, with MB ’high, and NB and SB ’low’ i.e. the
driver 28 is configured into m-bit mode. During the first
frame of data, attime T,, the MSB activity-signal Ay, goes
high immediately (as indicated by arrow 48), indicating
that m-bit data is present. At time T, the data analysis
means 26 detects activity in the LSB data as well as the
MSB data, and so the activity-signal AN goes high also
(as indicated by arrow 50). At the end of the frame, all
the activity signals are transferred into the format control
register 32 at time T,4. Therefore, the driver 28 is config-
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ured into n+m bit mode at the beginning of the next frame
also (as indicated by arrow 52). Attime Ts all the analysis
signals are once again reset. Attime Tg, the text analysis
signal As also goes high (as indicated by arrow 54) so
that for frame three the driver is configured into n+m bit
mode, with 1-bit overlay also (as indicated by arrow 56),
as illustrated in Figure 5.

[0037] Figure 14 shows an embodiment of the data
analysis means 26 which is used to detect static image
data and to output a format control signal which can be
used by the multi-format driver 28 to disable the refresh
of the liquid crystal, until such a time as is required by
pixel leakage considerations. The basic operation of this
embodiment is as follows.

[0038] Atthe heartofthe analysis means 26 is a check-
sum unit which is reset at the beginning of each frame
of data and which performs a running addition of the input
data within the frame. The output of the check-sum unit
58 is connected to a comparator 60 which compares the
current check-sum with the check-sum from the previous
frame. The comparator 60 outputs a ’high’ logic level if
the check-sum for the current frame, n, is the same as
the check-sum for the previous frame n-1.

[0039] At the end of the frame n, the output from the
comparator 60 is transferred to the format control register
32, and the check sum for frame n is transferred into a
latch 62, ready to be compared with the check sum for
the next frame of data.

[0040] Although the described embodiment updates
the display mode of the data driver after every frame,
otherintervals are possible. For example, the data driven
display mode could be updated after each line of input
data is analysed.

[0041] Specific exemplary embodiments of the inven-
tion will now be described with references to Figures 15
to 20.

[0042] Inthe embodimentdescribed here, a digital sig-
nature is generated by a linear feedback shift register
(LFSR) described in more detail below with reference to
Figures 17 and 18.

[0043] Figure 15 shows a data analysis arrangement
102 which creates a signature (being a numerical value)
for each frame of image data, and compares the signa-
tures of successive frames to establish whether the
frames have changed. If two successive signatures are
found to be identical, then it is deemed likely that the
display is showing a static scene, and the display is then
set to "ignore" or "skip" (i.e. not update) one or more
successive frames of image data. This allows the fre-
quency at which information is updated on the LCD to be
controlled in a manner which minimises power consump-
tion by avoiding unnecessary refreshing of the LCD.
[0044] One way to compare two successive frames is
to perform a simple bit count of all bits in the image. How-
ever, two images with the same bit count are not neces-
sarily identical, and the use of an LFSR provides a more
robust method of comparing successive images.
[0045] Figure 15 shows a data analysis arrangement
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102 which comprises a linear feedback shift register (LF-
SR) 104, latches 106, 108 and 110, and a comparator
112. The LFSR 104 produces a signature of each frame
of data, and is reset at the beginning of each frame of
data by a VSync signal. The output of the LFSR 104 is
connected to the comparator 112, which compares the
signature for the current frame with the signature stored
by latch 108 from the previous frame. The comparator
112 outputs a "high" logic level if the signature for the
current frame, n, is the same as that for the previous
frame, n-1.

[0046] At the end of each frame, the output from the
comparator 112 is transferred to latch 110, and used to
provide a frame rate control signal for the next frame.
[0047] Figure 16 shows how the data analysis arrange-
ment 102 provides control signals to the data driver 114
of an active matrix liquid crystal display 116, which is also
provided with a scan driver 118. The data analysis ar-
rangement 102 receives image data from a frame store
120, and may also provide a control signal back to the
frame store 120, as described in greater detail below.
[0048] In the embodiment described here, the frame
of image data may be divided into more than one part
with separate signatures generated for each part. For
example, image data corresponding to a firstimage filling
the upper half of a display screen is used to form a first
signature ('1u’). Data corresponding to the lower half of
the screen is used to form a second signature ('1d’) for
the first frame. These signatures may then be compared
with those derived for a second frame ("2u’) and ('2d’),
and the two halves of the screen updated according to a
result of these comparisons. For example, a set of static
icons might appear in the upper half of a screen whilst a
moving graphic appears in the lower half of a screen. In
this event 1u and 2u will be identical, whilst 1d and 2d
will differ. The lower half of the screen might then be
updated in both frames one and two, whilst updating of
the upper half of the screen might be disabled for some
number of subsequent frames. Itis clear that this process
can be extended to allow for multiple signatures corre-
sponding to multiple areas on a display. The positioning,
size and or number of areas chosen for frame-to-frame
comparison might vary over time.

[0049] Furthermore, not all bits used to set the bright-
ness level of a pixel have to be used in forming the sig-
nature of animage. For example consider an 8-bitimage.
Each RGB sub-pixel of a display may then show any of
28-1(=255) brightness levels. The 8-bits corresponding
to a brightness level may be grouped into higher and
lower order parts (most significant bits (MSB’s) and least
significant bits (LSB’s)) with, for example, the difference
between brightness states corresponding to a change in
the highest MSB (for example the two states 10000000
and 00000000) being large, whilst the brightness differ-
ence arising as a result of a change of LSB (00000001
and 00000000) may be very slight. In forming a signature
of an image it may be sufficient to use only a subset of
the bits (for example only the 7 highest bits) for each pixel
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i.e. it may be sufficient to treat two images as identical
(i.e. have them give rise to identical signatures) in the
event that differences occur only in one or more LSB'’s.
[0050] Inthe embodiment described here, in the event
that the signatures of two frames are equal it is desirable
(in order to save power) to inhibit both the updating of
pixels on the active matrix liquid crystal display 116, and
also to inhibit the original writing-out of data from the
frame store (or frame buffer) 120.

[0051] Figure 16 shows this feature. Here the data
analysis arrangement 102 controls both the timing on-
panel (i.e. frame rate) and also (via a data enable line
122) whether data is written out by the frame store 120
(also termed a ‘frame buffer’ or VRAM in the literature)
to begin with.

[0052] Figure 17 shows an example four-stage LFSR
104. The register consists of four DQ flip-flops 124. At
an appropriate clock signal (for example a rising edge)
on a clock signal line 25, the input voltage bit present at
the D input of each flip-flop 124 is clocked through to the
respective Q output where it is held until the next clock
signal. The voltages present at the register output (Q4)
and a so-called 'tap-point’ (here Q3) form inputs for an
XOR logic gate 126. The output of XOR gate 126 is fed-
back to the input (D1) of the register.

[0053] The consequence of this feedback arrange-
ment is that the four voltage bits (which together can be
taken to constitute a 4-bit digital word) at Q1-Q4 are
caused to cycle through a pseudo-random sequencei.e.
a sequence of 4-bit words which, although deterministic,
presents no obvious pattern of change. For example, if
we suppose that at an initial time Q1-Q4 hold the 4-bit
word 1111’ (typically the LFSR 104 will be provided with
additional circuitry - not shown - to allow it to be preset
to an initial state as will be well known by those skilled in
the art), then the following sequence of words is gener-
ated by repeatedly clocking the shift register:

1111
0111
0011
0001
1000
0100
0010
1001
1100
0110
1011
0101
1010
1101
1110

[0054] After passing through these fifteen states the
register returns to state '1111’. A 4-stage LFSR with a
tap at Q3 is a maximum length LFSR in that it cycles
through the largest number of distinct states before rep-
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etition of a state. A maximal length LFSR with a given
number of stages may require multiple tap-points. Tap
points for maximal length LFSR’s have been tabulated
in the literature. For example an 18-stage LFSR with tap
point at Q11 will cycle through 262143 distinct states in
pseudo-random fashion. It can be preferable to choose
LFSR’s with tap points producing maximum cycle length,
however the invention is not restricted to such choices
and other tap points can be chosen.

[0055] As shown in Figure 18, additional logic gates
(for example XOR gates 28) can be used to allow a sig-
nature of a data set to be processed by an LFSR. Figure
18 shows an example of the input of a 4-bit word d(1:4)
into a 4-stage LFSR (in general the LFSR may have more
stages than d-inputs). If the LFSR initially contains the
word Q1-Q4="1111"and if at all times d(1:4)="0000’, then
the register will simply repeat the fifteen-word cycle listed
above. In general however, if word d(1:4) alters between
clock cycles, then this will impact upon the sequence of
states of the LFSR. For example, two identical LFSR’s,
loaded with an identical initial state (for example Q1-
Q4="1111"), and clocked repeatedly with however inputs
d(1:4) varying differently for the two LFSR’s, will in gen-
eral store different words Q1-Q4 after a large number of
clock cycles. Word Q1-Q4 will then be a ’signature’ of
the history of the sequence of inputs inputs (d1:4), two
differing sequences of d(1:4) inputs leading in general to
differing signatures Q1-Q4.

[0056] In this embodiment, the 'd’ input data is digital
data corresponding to an image to be displayed on the
active matrix LCD 116. A digital signature is formed for
the image by consecutively clocking the digital words
(which correspond to the brightness level of each pixel)
comprising the image into the LFSR 104, with a signature
of the image being read out after all pixel data in the
image has been processed.

[0057] Forexample,ina6-bitdisplay systemeachred,
green and blue (RGB) sub-pixel of the display has its
brightness set by a 6-bit word. Equivalently, the colour
of each RGB pixel triad is set by an 18-bit word. A sig-
nature of a full frame of image data can be formed by
consecutively clocking all 18 bit pixel words into an LFSR
having e.g. 18 stages. If the screen comprises e.g.
307200 pixels (VGA resolution), then in total the LFSR
will receive 18x307200 bits of data, after which it will be
left in one of 218-1 possible states, the actual state con-
stituting the signature for that image.

[0058] The pseudo-random nature of an LFSR is such
that, should two frames of data differ by even a single
bit, then it is extremely probable that the signatures of
these frames will be different. This provides a more reli-
able outcome than simply arithmetically adding each pix-
el word value, since two images, one with, for example
a cursor icon in one portion of a screen, the second with
the cursor having moved, may give the same arithmetic
checksum despite being different images.

[0059] Itsome situations, it may also be advantageous
to regard two images as identical in the event that the
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images are identical but merely spatially translated ver-
sions of one another. For example a static scene may be
viewed with a digital camera subject to a small amount
of camera shake. A given element of the scene may cor-
respond to a given pixel of a display at one instance. In
a subsequent frame the scene element might be caused
to correspond with an adjacent pixel due, for example,
to some small camera-shake. It may be advantageous
to treat two such consecutive images as identical. This
may be achieved by using two or more signatures per
each frame of image data as will be understood with ref-
erence to figures 5 and 6.

[0060] Figure 19 represents animage frame displayed
on an LCD consisting of a 6x6 array of pixels (in practice
a high quality display may have, for example, more than
100,000 pixels). Figure 20 shows a subsequent frame of
data. Itis clearin this example that the image has suffered
a translation of one pixel, but is otherwise identical. It
may be the case that these images are intended to be
identical, with the translation having arisen only as a re-
sult, for example, of inadvertent camera shake at the im-
age source. Two LFSR’s (or one suitably time-multi-
plexed LFSR) may be used to detect translation of an
otherwise unchanging image.

[0061] We consider forming a signature (or "sub-sig-
nature") ’A1’ of the pixel data for all pixels entirely falling
within line A’ in the first frame (shown in Figure 18). A
second signature '‘B1’ is also formed for pixel data for all
pixels entirely falling within line ‘B’ in the first frame (Fig-
ure 19). This process s repeated in the nextframe (Figure
20) to form corresponding signatures 'A2’ and 'B2’. Sig-
natures A1 and B1 are then compared with A2 and B2.
It will be clear from the positioning of regions A and B,
that signatures A1 and B2 will be identical. Therefore by
the steps of

1. Forming a signature in each of two frames, for
each of two regions, translated by a distance of one
pixel, and

2. Comparing the signatures in frame n with those
of frame n+1

situations in which an image has beem merely translated
without changing may be identified.

[0062] In figures 19 and 20 the regions of LFSR sig-
nature analysis permit only right-going translations by
one pixel distance to be detected. It will be clear that the
generation of for example, eight signatures per frame,
corresponding to eight suitably arranged areas A,B,C...
will permit detection of a simple translation of an other-
wise unchanging image in any of the up, down, left, right
and four diagonal directions. Equally, simple translations
of more than a single pixel distance may be detected by
similarly forming appropriate multiple signatures corre-
sponding to appropriate pixel regions.

[0063] It will be noted in figures 19 and 20 that those
pixels at the edge of the image are not included in the
generation of an image signature. This can be beneficial,
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for example, in the case that the image translation arises
as a consequence of camera judder, where for example,
a movement of the camera may bring new elements of
a scene into view. This may cause those pixels along the
edge of the display to then receive new data, although
the rest of the image is otherwise unchanged. It can thus
be beneficial to exclude data corresponding to a layer of
one or more pixels atthe edge ofthe display when forming
signatures in this embodiment.

[0064] It is well known to DC balance a liquid crystal
display. In operation, a liquid crystal pixel has a voltage
developed across it. The voltage is defined between a
pixel electrode on one substrate of the LCD and a counter
plane electrode on the other substrate. Opposite polari-
ties resultin identical brightness levels for the pixels since
common LCD'’s are insensitive to voltage polarity. Nev-
ertheless, it is found to be beneficial to alternate the po-
larity of voltage applied to liquid crystal pixels over time,
to avoid problems such as drift of ionic impurities in the
pixel which can degrade image performance.

[0065] In a simple exemplary DC balance scheme, if
all pixels are to show a brightness corresponding to a 3V
data state for two consecutive frames, then in a first frame
all pixels may be switched to +3V and in the next frame
-3V.

[0066] It will be appreciated that a decision to not up-
date a frame of data could interfere with DC balance.
Consider animage which remains identical for many suc-
cessive frames, and consider an embodiment of the cur-
rent invention in which a third, sixth, ninth etc. frames are
accordingly not updated on the display. We consider a
simple DC balance scheme in which all pixels receive
the same polarity (either positive or negative) data in any
one frame time. In a first frame we suppose all pixels
receive positive voltage data. To ensure DC balance, in
the second frame all pixels then receive negative voltage
data.

[0067] Since the third frame is not updated however,
this results in the pixels retaining negative voltage data
for the entirety of frames two and three.

[0068] In this embodiment, the system is arranged so
that after not updating frames, the same polarity is used
for subsequent frames as has been used during the non-
updated frames, sothat DC balance is retained overtime.
[0069] In the case of the current example therefore,
frame four is again updated with negative voltage data
(since three was not updated and was negative). DC bal-
ance then continues as normal with frame five updated
with positive data. Frame six is notupdated, and therefore
all pixels retain the positive voltage data applied in frame
five. Frame seven is updated with positive voltage data
since frame six was not updated and was positive, etc.
[0070] It will be seen that in this manner DC balance
isretained over time, since, over along time period, pixels
are driven with positive polarity data as often as with neg-
ative polarity data.

[0071] More complex DC balance schemes exist. For
example 'row inversion schemes’ in which all even num-
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bered rows may receive positive voltage data in an nth
frame whilst allodd numbered rows receive negative volt-
age data in the same frame. In the (n+1)th frame these
polarities are reversed. In this case the above embodi-
ment is still applicable. It is only necessary that a record
(for example a 1 bit flag) be kept to determine whether,
in a previous frame, whether all the even rows received
positive or negative data. This same pattern of row po-
larity is then applied in the first frame to be updated fol-
lowing a period in which the image was not updated.

Claims

1. A method of reducing the power required to display
a sequence of frames of images on a liquid crystal
display, characterised by the steps of:

analysing the frame data representing each
frame and producing a signature for each frame,
comparing the signature for the current frame
with that for the previous frame,

from the comparison of the previous method
step, determining whether the two frames are
the same, or substantially the same,

if the frames are the same, or substantially the
same, then performing the step of ignoring or
skipping, and thereby not updating, one or more
successive frames of image data, in order to re-
duce the power consumption of the liquid crystal
display.

2. Amethod as claimed in claim 1, wherein said signa-
ture is produced using a linear feedback shift regis-
ter.

3. Amethod as claimed in claim 2, wherein said signa-
ture of each frame is the sum of all data bits repre-
senting that frame.

4. Amethod as claimed in claim 2, wherein said signa-
ture depends on the sequence of data bits repre-
senting the frame, so that if two frames comprise the
same data bits in different sequences, then the two
frames will have different signatures.

5. Amethod as claimed in claim 4, wherein said signa-
ture is produced using a four-stage linear feedback
shift register.

6. A method as claimed in any one of claims 2 to 5,
wherein at least some of the bits representing the
brightness level of each pixel are ignored when pro-
ducing said signature.

7. A method as claimed in claim 6, wherein the bit or
bits which are ignored are the least significant bit or
bits.
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13.

A method as claimed in any preceding claim, wherein
said sequence of frames occupy only a part of said
liquid crystal display.

A method as claimed in claim 8, wherein said liquid
crystal display is divided into a plurality of display
regions, and the steps of the method are carried out
separately for each display region, so that if the cur-
rent and previous frames for a given display region
are determined to be the same, or substantially the
same, then that display region is not updated with at
least the subsequent frame, or portion of a frame,
for that display region.

A method as claimed in any preceding claim, wherein
if it is determined that the liquid crystal display, or a
portion thereof, is not to be updated, a first control
signal is sent to a data driver associated with the
liquid crystal display, said first control signal prevent-
ing the liquid crystal display, or a portion thereof,
from being updated.

A method as claimed in any preceding claim, wherein
if it is determined that the liquid crystal display, or a
portion thereof, is not to be updated, asecond control
signal is sent to a frame store associated with the
liquid crystal display, said second control signal pre-
venting frame data from being written out of said
frame store.

A method as claimed in any preceding claim, wherein
in the method step of determining whether said two
frames are the same, or substantially the same, said
two frames are considered to be substantially the
same if the current frame represents a translation by
one or more pixels, or substantially a translation by
one or more pixels, of the previous frame.

A method as claimed in claim 12, wherein said meth-
od step of analysing the frame data includes:

producing a first sub-signature for a first display
region of a first frame, and

producing a second sub-signature for a second
display region of the first frame, wherein said
first display region of the first frame corresponds
to a translation by one or more pixels of said
second display region of the first frame, and
producing a first sub-signature for a first display
region of the subsequent frame, and
producing a second sub-signature for a second
display region of the subsequent frame, wherein
said first display region of the subsequent frame
corresponds to a translation by one or more pix-
els of said second display region of the subse-
quent frame, and

comparing said first and second sub-signatures
for the first frame with said first and second sub-
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signatures for the subsequent frame, to deter-
mine whether the subsequent frame represents
a translation by one or more pixels, or substan-
tially a translation by one or more pixels, of the
first frame.

A method as claimed in claim 13, wherein each sub-
signature is produced using a linear feedback shift
register.

A method as claimed in claim 13 or 14, wherein at
least 8 sub-signatures are produced for each of said
first and subsequent frames, said sub-signatures
corresponding to translations by one or more pixels
in different directions.

A method as claimed in any one of claims 13 to 15,
wherein said first and second display regions of the
firstand subsequentframes do notinclude any pixels
which lie adjacent an edge of the frames.

Amethod as claimedin any preceding claim, wherein
said liquid crystal display is DC balanced, and where-
in if the liquid crystal display is not updated, the po-
larity applied to pixels in subsequent frames is such
that DC balance is retained over time.

A method as claimed in claim 17, wherein if the liquid
crystal display is not updated for one or more frames,
then the polarity, or polarities, applied to pixels on
the first subsequent frame which is updated is or are
the same as the polarity or polarities existing during
said one or more frames.

Data analysis means arranged to carry out the meth-
od of any preceding claim.

Data analysis means as claimed in claim 19, when
dependent on any of claims 1 to 18 except claim 4,
when not dependent directly or indirectly on claim 4,
which comprises a linear feedback shift register.

Data analysis means as claimed in claim 19 or 20,
when dependent directly or indirectly on claim 11,
which further comprises a first control output ar-
ranged to provide said first control signal to a data
driver.

Data analysis means as claimed in any one of claims
19 to 21, when dependent directly or indirectly on
claim 12, which further comprises a second control
outputarranged to provide said second control signal
to a frame store.

A liquid crystal display device comprising a liquid
crystal display, a data driver, and a data analysis
means as claimed in any one of claims 19 to 22.
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Patentanspriiche

1.

Verfahren zum Verringern der Energie, die erforder-
lich ist, um eine Folge von Rahmen von Bildern auf
einer Flussigkristallanzeige anzuzeigen, gekenn-
zeichnet durch die Schritte:

Analysieren der Rahmendaten, die jeden Rah-
men darstellen, und Erzeugen einer Signatur fur
jeden Rahmen,

Vergleichen der Signatur fir den aktuellen Rah-
men mit derjenigen fiir den vorigen Rahmen,
aus dem Vergleich des vorigen Verfahrens-
schritts erfolgendes Bestimmen, ob die beiden
Rahmen gleich oder im Wesentlichen gleich
sind,

wenn die Rahmen gleich oder im Wesentlichen
gleich sind, Durchfiihren des Schritts: Ignorieren
oder Uberspringen und folglich nicht Aktualisie-
ren eines oder mehrerer aufeinanderfolgender
Rahmen von Bilddaten, um den Stromver-
brauch der Flissigkristallanzeige zu verringern.

Verfahren nach Anspruch 1, worin die Signatur unter
Verwendung eines Schieberegisters mit linearer
Ruckkopplung erzeugt wird.

Verfahren nach Anspruch 2, worindie Signatur jedes
Rahmens die Summe aller Datenbits ist, die diesen
Rahmen darstellen.

Verfahren nach Anspruch 2, worin die Signatur von
der Reihenfolge der Datenbits abhangt, die den Rah-
men darstellen, sodass, wenn zwei Rahmen die glei-
chen Datenbits in unterschiedlichen Reihenfolgen
umfassen, die beiden Rahmen unterschiedliche Si-
gnaturen haben.

Verfahren nach Anspruch 4, worin die Signatur unter
Verwendung eines vierstufigen Schieberegisters mit
linearer Ruickkopplung erzeugt wird.

Verfahren nach einem der Anspriiche 2 bis 5, worin
zumindest einige der Bits, die den Helligkeitsgrad
jedes Bildpunktes darstellen, beim Erzeugen der Si-
gnatur ignoriert werden.

Verfahren nach Anspruch 6, worin das oder die ig-
norierten Bits das oder die niedrigstwertigen Bits
sind.

Verfahren nach einem der vorhergehenden Anspri-
che, worin die Folge von Rahmen nur einen Teil der
FlUssigkristallanzeige belegt.

Verfahren nach Anspruch 8, worin die Flissigkris-
tallanzeige in eine Vielzahl von Anzeigebereichen
unterteilt wird und die Schritte des Verfahrens fir
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jeden Anzeigebereich getrennt ausgefiihrt werden,
sodass, wenn die aktuellen und vorhergehenden
Rahmen fir einen gegebenen Anzeigebereich als
gleich oder im Wesentlichen gleich bestimmt wer-
den, dieser Anzeigebereich nicht mit mindestens
dem folgenden Rahmen oder Abschnitt eines Rah-
mens fir diesen Anzeigebereich aktualisiert wird.

Verfahren nach einem der vorhergehenden Anspri-
che, worin, wenn bestimmt wird, dass die Flissig-
kristallanzeige oder ein Abschnitt derselben nicht zu
aktualisieren ist, ein erstes Steuersignal an einen
Datentreiber gesendet wird, welcher der Flissigkris-
tallanzeige zugeordnet ist, wobei das erste Steuer-
signal verhindert, dass die Flussigkristallanzeige
oder ein Abschnitt derselben aktualisiert wird.

Verfahren nach einem der vorhergehenden Anspri-
che, worin, wenn bestimmt wird, dass die Flissig-
kristallanzeige oder ein Abschnitt derselben nicht zu
aktualisieren ist, ein zweites Steuersignal an einen
Rahmenspeicher gesendet wird, welcher der Flis-
sigkristallanzeige zugeordnet ist, wobei das zweite
Steuersignal verhindert, dass Rahmendaten aus
dem Rahmenspeicher geschrieben werden.

Verfahren nach einem der vorhergehenden Ansprii-
che, worin im Verfahrensschritt des Bestimmens, ob
die beiden Rahmen gleich oder im Wesentlichen
gleich sind, die beiden Rahmen als im Wesentlichen
gleich angesehen werden, wenn der aktuelle Rah-
men eine Verschiebungum einen oder mehrere Bild-
punkte oder im Wesentlichen eine Verschiebungum
einen oder mehrere Bildpunkte des vorigen Rah-
mens darstellt.

Verfahren nach Anspruch 12, worin der Verfahrens-
schritt des Analysierens der Rahmendaten ein-
schlief3t:

Erzeugen einer ersten Teilsignatur fiir einen ers-
ten Anzeigebereich eines ersten Rahmens und
Erzeugen einer zweiten Teilsignatur fiir einen
zweiten Anzeigebereich des ersten Rahmens,
worin der erste Anzeigebereich des ersten Rah-
mens einer Verschiebung des zweiten Anzeige-
bereichs des ersten Rahmens um einen oder
mehrere Bildpunkte entspricht, und

Erzeugen einer ersten Teilsignatur fiir einen ers-
ten Anzeigebereich des nachfolgenden Rah-
mens, und

Erzeugen einer zweiten Teilsignatur fiir einen
zweiten Anzeigebereich des nachfolgenden
Rahmens, worin der erste Anzeigebereich des
nachfolgenden Rahmens einer Verschiebung
des zweiten Anzeigebereichs des nachfolgen-
den Rahmens um einen oder mehrere Bildpunk-
te entspricht, und
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Vergleichen der ersten und der zweiten Teilsig-
natur fir den ersten Rahmen mit der ersten und
der zweiten Teilsignatur fir den nachfolgenden
Rahmen, um zu bestimmen, ob der nachfolgen-
de Rahmen eine Verschiebung um einen oder
mehrere Bildpunkte oder im Wesentlichen eine
Verschiebung um einen oder mehrere Bildpunk-
te des vorigen Rahmens darstellt.

Verfahren nach Anspruch 13, worin jede Teilsignatur
unter Verwendung eines Schieberegisters mit line-
arer Ruickkopplung erzeugt wird.

Verfahren nach Anspruch 13 oder 14, worin mindes-
tens 8 Teilsignaturen fiir jeden des ersten und des
nachfolgenden Rahmens erzeugt werden, wobei die
Teilsignaturen Verschiebungen um einen oder meh-
rere Bildpunkte in unterschiedlichen Richtungen ent-
sprechen.

Verfahren nach einem der Anspriiche 13 bis 15, wo-
rin der erste und der zweite Anzeigebereich des ers-
ten und des nachfolgenden Rahmens keine Bild-
punkte einschlielRen, die angrenzend an einen Rand
der Rahmen liegen.

Verfahren nach einem der vorhergehenden Anspri-
che, worin die Flussigkristallanzeige gleichstrom-
symmetrisch ist und worin, wenn die Flussigkristall-
anzeige nicht aktualisiert wird, die an Bildpunkte in
nachfolgenden Rahmen angelegte Polaritat so ist,
dass die Gleichstromsymmetrie Uber die Zeit erhal-
ten bleibt.

Verfahren nach Anspruch 17, worin, wenn die Flis-
sigkristallanzeige fiir einen oder mehrere Rahmen
nicht aktualisiert wird, die an Bildpunkte im ersten
nachfolgenden Rahmen, der aktualisiert wird, ange-
legte Polaritat oder Polaritdten gleich der Polaritat
oder den Polaritaten ist, die wahrend des einen oder
den mehreren Rahmen bestand.

Datenanalysemittel, das dafiir eingerichtet ist, das
Verfahren nach einem der vorhergehenden Anspri-
che auszufiihren.

Datenanalysemittel nach Anspruch 19, wenn abhén-
gig von einem der Anspriiche 1 bis 18 auller An-
spruch 4, wenn nicht direkt oder indirekt abhangig
von Anspruch 4, das ein Schieberegister mit linearer
Ruckkopplung umfasst.

Datenanalysemittel nach Anspruch 19 oder 20,
wenn direkt oder indirekt abhangig von Anspruch 11,
das ferner einen ersten Steuerausgang umfasst, der
dafiir eingerichtet ist, das erste Steuersignal an ei-
nen Datentreiber zu Gbergeben.
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Datenanalysemittel nach einem der Anspriiche 19
bis 21, wenn direkt oder indirekt abhangig von An-
spruch 12, das ferner einen zweiten Steuerausgang
umfasst, der dafiir eingerichtet ist, das zweite Steu-
ersignal an einen Rahmenspeicher zu tibergeben.

Flussigkristallanzeigevorrichtung, umfassend eine
Flussigkristallanzeige, einen Datentreiber und ein
Datenanalysemittel nach einem der Anspriiche 19
bis 22.

Revendications

Procédé de réduction de I'énergie requise pour affi-
cher une séquence de trames d’images sur un affi-
chage a cristaux liquides, caractérisé par les étapes
consistant a :

analyser les données de trame représentant
chaque trame et produire une signature pour
chaque trame,

comparer la signature pour la trame actuelle
avec celle pour la trame précédente,

a partir de la comparaison issue de la précéden-
te étape de procédé, déterminer si les deux tra-
mes sont identiques, ou sensiblement identi-
ques,

si les trames sont identiques, ou sensiblement
identiques, alors mettre en oeuvre |'étape con-
sistant a ignorer ou sauter, et par conséquent
ne pas mettre a jour, une ou plusieurs trames
successives de données d’'image, afin de rédui-
re la consommation d’énergie de I'affichage a
cristaux liquides.

Procédé selon la revendication 1, dans lequel ladite
signature est produite en utilisant un registre a dé-
calage a rebouclage linéaire.

Procédé selon la revendication 2, dans lequel ladite
signature de chaque trame correspond a la somme
de tous les bits de données représentant ladite tra-
me.

Procédé selon la revendication 2, dans lequel ladite
signature dépend de la séquence de bits de données
représentant la trame, de sorte que si deux trames
comprennent les mémes bits de données dans dif-
férentes séquences, alors les deux trames auront
des signatures différentes.

Procédé selon la revendication 4, dans lequel ladite
signature est produite en utilisant un registre a dé-
calage a rebouclage linéaire en quatre étapes.

Procédé selon I'une quelconque des revendications
2 a 5, dans lequel au moins certains des bits repré-
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sentant le niveau de luminosité de chaque pixel sont
ignorés lors de I'étape consistant a produire ladite
signature.

Procédé selon la revendication 6, dans lequel le bit
ou les bits qui sont ignorés sont le ou les bits le ou
les moins importants.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel ladite séquence de trames
occupe seulement une partie dudit affichage a cris-
taux liquides.

Procédé selon la revendication 8, dans lequel ledit
affichage a cristaux liquides est divisé en une plura-
lité de régions d’affichage, et les étapes du procédé
sont mises en oeuvre de maniére séparée pour cha-
que région d’affichage, de sorte que si les trames
actuelles et précédentes pour une région d’affichage
donnée sont déterminées comme étant identiques,
ou sensiblement identiques, alors ladite région d’af-
fichage n’est pas mise a jour avec au moins la trame,
ou partie d’'une trame, suivante pour ladite région
d’affichage.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel, s’il est déterminé que I'af-
fichage a cristaux liquides, ou une partie dudit affi-
chage, ne doit pas étre mis a jour, un premier signal
de commande est envoyé a un pilote de données
associé aI'affichage a cristaux liquides, ledit premier
signal de commande empéchant I'affichage a cris-
taux liquides, ou une partie dudit affichage, d’étre
mis a jour.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel, s’il est déterminé que I'af-
fichage a cristaux liquides, ou une partie dudit affi-
chage, ne doit pas est mis a jour, un second signal
de commande est envoyé a un stockage de trame
associé a l'affichage a cristaux liquides, ledit second
signal de commande empéchant des données de
trame d’étre écrites en dehors dudit stockage de tra-
me.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel, dans I'étape de procédé
consistanta déterminer siles deux trames sontiden-
tiques, ou sensiblement identiques, lesdites deux
trames sont considérées comme étant sensiblement
identiques si la trame actuelle représente un trans-
fert correspondant a un ou plusieurs pixels, ou sen-
siblement un transfert correspondant a un ou plu-
sieurs pixels, de la trame précédente.

Procédé selon larevendication 12, dans lequel ladite
étape de procédé consistant a analyser les données
de trame comprend les étapes consistant a :
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produire une premiére sous-signature pour une
premiére région d’affichage d’'une premiere tra-
me, et

produire une seconde sous-signature pour une
seconde région d’affichage de la premiére tra-
me, ladite premiére région d’affichage de la pre-
miére trame correspondant a un transfert cor-
respondant a un ou plusieurs pixels de ladite
seconde région d’affichage de la premiére tra-
me, et

produire une premiére sous-signature pour une
premiére région d’affichage de la trame suivan-
te, et

produire une seconde sous-signature pour une
seconde région d’affichage de la trame suivan-
te, ladite premiére région d’affichage de la trame
suivante correspondant a un transfert corres-
pondant a un ou plusieurs pixels de ladite se-
conde région d’affichage de latrame suivante, et
comparer lesdites premiére et seconde sous-
signatures pour la premiére trame avec lesdites
premiére et seconde sous-signatures pour la
trame suivante, afin de déterminer si la trame
suivante représente un transfert correspondant
a un ou plusieurs pixels, ou sensiblement un
transfert correspondant a un ou plusieurs pixels,
de la premiere trame.

Procédé selon la revendication 13, dans lequel cha-
que sous-signature est produite en utilisant en re-
gistre a décalage a rebouclage linéaire.

Procédé selon larevendication 13 ou 14, dans lequel
au moins 8 sous-signatures sont produites pour cha-
cune desdites premiére et suivante trames, lesdites
sous-signatures correspondant a des transferts cor-
respondant a un ou plusieurs pixels dans différentes
directions.

Procédé selon I'une quelconque des revendications
13 a 15, dans lequel lesdites premiére et seconde
régions d'affichage des premiére et suivante trames
ne comprennent aucun pixel adjacent a un bord des
trames.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel ledit affichage a cristaux
liquides présente un courant continu CC équilibré,
et dans lequel, si I'affichage a cristaux liquides n’est
pas mis a jour, la polarité appliquée aux pixels dans
des trames suivantes est telle que I'équilibrage CC
est maintenu au fil du temps.

Procédé selon la revendication 17, dans lequel, si
I'affichage a cristaux liquides n’est pas mis a jour
pour une ou plusieurs trames, alors la polarité, ou
les polarités, appliquée(s) aux pixels sur la premiere
trame suivante qui est mise a jour est ou sont iden-
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tique(s) a la polarité ou aux polarités existant pen-
dant lesdites une ou plusieurs trames.

Moyen d’analyse de données agencé pour mettre
en oeuvre le procédé selon I'une quelconque des
revendications précédentes.

Moyen d’analyse de données selon la revendication
19, lorsqu’elle est dépendante de I'une quelconque
des revendications 1 a 18 excepté la revendication
4 et n’est pas dépendante directement ou indirecte-
ment de la revendication 4, qui comprend un registre
a décalage a rebouclage linéaire.

Moyen d’analyse de données selon la revendication
19 ou 20, lorsqu’elle est dépendante directement ou
indirectement de la revendication 11, qui comprend
en outre une premiéere sortie de commande agencée
pour fournir ledit premier signal de commande a un
pilote de données.

Moyen d’analyse de données selon I'une quelcon-
que des revendications 19 a 21, lorsqu’elle est dé-
pendante directement ou indirectement de la reven-
dication 12, qui comprend en outre une seconde sor-
tie de commande agencée pour fournir ledit second
signal de commande a un stockage de trame.

Dispositif d’affichage a cristaux liquides comprenant
un affichage a cristaux liquides, un pilote de don-
nées, et un moyen d’analyse de données selon 'une
quelconque des revendications 19 a 22.
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Figure 1: Prior art - Typical Active Matrix Display

13



EP 1562 173 B1

-Controller IC 10

Analogue outputs

Y

Cr

Cb

R—-~ i v

C—~ 7

B II // i II
;

Digital outputs
" Picture

Figure 2 prior art - typical active matrix display controller IC

14

MmOV weO=x



EP 1562 173 B1

SHARP

View Com

2 ~ = S
§ 8 8 g S
& 3 N S S
3 S ® g Q
| g S 3
=3 S S
N &
Q
3
S
/ / N
Low Static High High
resolution image resolution bit-content
text data data text data video data

FIG 3

Conceptual application of
muliti-format image data

15

mmdur oipg

Lovil .
resolution
text data



EP 1562 173 B1

Programmable Multi-Format Digital Data Driver 16

D
D(1:n+m)
Timing
SB, MB,NB, FRC

Format
control
signals

Active
Matrix

Scan Driver

Figure 4: Multi-format digital data driver
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Figure 5: The trade-off between power consumption and image quality
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Format Control
NB | MB SB | Driver Format
0 0 1 1-bit per colour
0 1 0 m bits per colour
1 1 0 n+m bits per colour
0 1 1 m bits per colour with 1-bit ovérlay
1 1 1 n+m bits per colour with 1-bit overlay

Figure 6: Table showing three Format Control Signals and selected format
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Figure 7: Power control within data sampling unit of multi-format driver
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Figure 11 Generalised timing diagram for data analysis means
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