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a video signal for driving a liquid crystal display The present invention
relates to the display of images on image 5 displays with different
luminance rise and decay response times, ` such as liquid crystal displays,
in particular to the display of TV pictures and/or data information on a
video display system equipped with a liquid crystal display device. 10 The
display of video images on display devices such as a Cathode Ray Tube (CRT)
or a Liquid Crystal Display (LCD) is a known art. Image displays equipped
with such CRT or LCD display devices are capable of displaying on a display
screen images consisting of a number of picture elements (or pixels) which
are refreshed at a 15 refresh rate generally above 25 Hz. These images may
be monochromatic, multicolour or full-colour. Common standards are in use
to display the images as a succession of frames. The light of the
successive frames which are displayed on the display screen of such a CRT
or LCD display device is integrated by 20 the human eye. If the number of
displayed frames per second  further called the frame rate - is
sufficiently high, an illusion of the images being displayed in a
continuous way, and therefore an illusion of motion, can be created. The
way images are formed on the display screen of a CRT display 25 device is
fundamentally different from the way images are formed on the display
screen of a LCD display device. On a CRT display device, the luminance of a
picture element is produced by an area of a phosphor layer in the display
screen when said area is hit by a writing electron beam. 30 On a LCD
display device, the luminance of a picture element is determined by the
light transmittance state of one or more liquid crystal elements in the
display screen of the LCD display device at the location of the picture
element, whereby the light itself originates from ambient light or a light
source. 35 For a faithful reproduction of moving images or moving parts of
an image, the luminance response of the used display device is of utmost
importance. The luminance responses and the luminance response times of
display screens are known to be very different for CRT and LCD 40 display
devices. The luminance response time, being the time needed to reach the
correct luminance on the display screen in response to an immediate change
in a corresponding drive signal is shorter than a frame period for a CRT
display device but up to several frame    1 f 0 9 AU G 200 WO 99/54865
PCT/EP99/02050 2 periods for a typical LCD display device according to the
state of the art. For LCD display devices, the luminance responses and
luminance response times axe also known to be different for a darker-to5
brighter luminance transition as compared to the responses and 



response times for a similar brighter-to-darker luminance transition.
Furthermore, the luminance responses and luminance response times are
temperature dependent, drive voltage range dependent and, due to production
tolerances, unequal over the LCD 10 screen area (location dependent).
Various solutions are known for changing luminance response times with LCD
display devices. They however have the aim to shorten the overall luminance
response times, not to make the luminance rise and decay times equal. EP 0
487 140 discloses a method for speeding up 15 display response times by
doubling the display frame rate. The luminance rise and decay times remain
different. EP 0 553 865 describes luminance flicker phenomena related to
luminance response, but this flicker is not due to the difference between
luminance rise and decay times, but by how image lines are written. 20
There exist, a number of images, further referred to as specific images,
which when moved over a display screen with different luminance rise and
decay times, give rise to visible and measurable artefacts in the displayed
image, even when the luminance responses are shortened. 25 It is
characterising for said specific images that they contain a number of
isolated or clustered picture points, which are in high contrast to their
surroundings in the image. The artefacts are due to the difference between
luminance rise and decay times, which is typical for a LCD display device.
This 30 causes the luminance decay (or rise) of a white spot at a first
location to be different from the simultaneous luminance rise (or decay) of
a white spot at a second location, when the white spot is moved from the
first to the second location. The total luminance integrated over the
screen area immediately before, during and after 35 the movement of the
white point is not constant. The integrated luminance shows a `luminance
jump'. In practice, the artefacts will only be visible when more picture ,
elements change luminance at the same .time within the observation field of
the viewer. 40 In practice) various different artefacts may appear
dependent on various parameters such as the difference between luminance
rise and decay times, the frame rate of the displayed image, the video
signal levels, the speed with which the image is moved over the screen, the
image content.   ,. 0 9 AUG 2002 WO 99/54865 3 PCT/EP99/02050 The visible
artefacts cause the quality of the displayed image to range from being
inferior to unacceptable . The known solutions of increasing the frame rate
do not fundamentally solve the problems but only make them in the best case
less perceptible. 5 It is the aim of this present invention to remove the
said ' luminance jumps and a11 the visible artefacts resulting from said
luminance jumps in a displayed image during and immediately after the
movement of tine image, the luminance jumps and the artefacts caused by a
difference in luminance rise and decay times of the 10 display screen on
which the image is displayed. This is obtained by a method for converting a
first video signal into a second video signal, the second video signal
being intended for being displayed on a display device with different
luminance 15 rise and decay times, which comprises a display screen, and
which operates at a frame period. The conversion is so that the second
video signal causes the luminance time response of a picture element of the
image to a change of the first video signal from a first amplitude value to
a second amplitude value to be substantially 20 equal in shape and
amplitude but reversed in slope compared to the luminance time response of
the same or another picture element of the said image to a change of the
first video signal from the said second amplitude value to the said first
amplitude value. The luminance time responses can be made substantially
equal to 25 'predefined luminance time responses'. The luminance time
responses can be made substantially equal in amplitude and not slower than
the luminance response of the same or another picture element which would
be caused by the first video signal if this was displayed without
conversion. The choice of the said same or another picture 30 element can
be the said same picture element itself, a reference picture element from a
selected group of picture elements (e.g, a window) to Which said same
picture element belongs, any picture element which can be displayed on the
display screen of the display device. The chosen said same or another
picture element can be that 35 picture element of all picture elements
which are aimed to be displayed of which the luminance response is the
slowest. The conversion permits the compensation of the unevenness of the
luminance rise and decay times over the surface of the display screen, as
well as the compensation of the temperature dependency of 40 the luminance
rise and decay times. According to a preferred embodiment, the conversion
is such that the second video signal is built up in real time in
consecutive steps during corresponding consecutive correction periods.  



1 0 9 AU G 2a02 W O 99/54865 4 5 10 15 20 25 30 35 40 For the determination
of a next step, one or more of the following parameters may be taken into
account at the start of a correction period: - the present luminance of the
picture element as predicted at the instant of the previous correction
period) - the present amplitude of the first video signal, - the physical
location of the picture element on PCT/EP99/02050 more of the a start of a
predicted at tile display screen, - the present temperature at the location
of the picture element. Preferably, a correction period is equal to a
multiple of the frame period of the second video signal. Preferably, the
frame rate of the second video signal is a multiple of the frame rate of
the first video signal. According to an embodiment of the present
invention, the conversion of the first video signal into the second video
signal is so that the faster luminance response of a picture element to a
change of the first video signal is slowed down in order to match the
luminance response in time and amplitude to the known slower luminance
response of the same or another picture element for the opposite change of
the first video signal. According to another embodiment of the present
invention) the conversion of the first video signal to the second video
signal is so that the slower luminance response of a picture element to a
change of the first video signal is accelerated in order to match the
luminance response in time and amplitude to the known faster luminance
response of the same or another picture element for the opposite change of
the first video signal. According to another embodiment of the present
invention, the conversion of the first video signal to the second video
signal is so that the second video signal causes the luminance time
response of a picture element to a change of the first video signal from a
first amplitude value to a second amplitude value to be substantially equal
in shape and amplitude but reversed in slope compared to the luminance time
response of the same or another picture element for a change of the first
video signal from the said second amplitude value to the said first
amplitude level, the luminance responses being equal to predefined
luminance responses. Furthermore, an apparatus is claimed for carrying out
a method as described hereinabout. Fig. 1a, Fig, lb and Fig. lc illustrate
the display of a specific video signal and its scrolling down over the
display screen; 



Fig. 2 illustrates the display of a specific "text window" video signal and
its movement over the display screen;    WO 99/54865 5 0 9 AU G 20Q2
PCT/EP99/02050 Fig. 3a, Fig. 3b, and Fig. 3c illustrate the movement of a
white point between a first location and a second location on a display
screen; Fig. 4 shows luminance responses on a display screen of which the 5
luminance rise time is shorter than the luminance decay time, when a '
white point moves from a first to a second location (prior art); Fig. 5
shows luminance responses on a display screen of which the luminance rise
time is longer than the luminance decay time, when a white point moves from
a first to a second location (prior art); 10 Fig. 6a, Fig. 6b, and Fig. 6c
illustrate a horizontal movement of two white points on a display screen;
Fig. 7a, Fig. 7b) Fig. 7c illustrate a horizontal movement of three white
points on a display screen; Fig. 8a, Fig. 8b, and Fig. 8c illustrate a
vertical movement of 15 two white points on a display screen; Fig. 9a, Fig.
9b, and Fig. 9c illustrate a movement of a cluster of white points on a
display screen; Fig. 10 illustrates a movement in three steps of a white
point on a display screen; 20 Fig. 11 shows a luminance response on a
display screen of which the luminance rise time is longer than the
luminance decay time, when a white point moves on the display screen during
three consecutive frame periods (prior art); Fig. 12 shows a prior art
connection of a video generator to an 25 image display; Fig. 13 is a block
diagram of an embodiment of the present invention; Fig. 14a shows a
waveform of a first video signal corresponding to an image point which
changes first from black to white and later 30 from white to black; Fig.
14b shows a waveform of a prior art RMS drive voltage to an individual
liquid crystal cell in a LCD display screen to let it change luminance
first from black to white and later from white to black; 35 Fig. 15a shows
the luminance response of a picture element on a LCD display screen of
which the luminance rise time is shorter than the luminance decay time.
according to the present invention and compared to prior art; Fig. 15b
shows a waveform according to the present invention of a 40 RMS drive
voltage to an individual crystal cell in a LCD display screen to let it
change luminance first from black to white and later from white to black;
Fig. 15c shows a waveform according to the invention of a second video
signal corresponding to a picture element which changes first 45 from black
to white and later from white to black:   1 WO 99I54865 0 9 AU G 202 



PCT/EP99/02050 6 Fig. 16 shows how a luminance response is controlled
according to the invention; Fig. 17a shows the luminance response of a
picture element on a LCD display screen of which the luminance rise time is
longer than 5 the luminance decay time, according to the present invention
and compared to prior art: Fig. 17b shows a waveform according to the
present invention of a RMS drive voltage to an individual crystal cell in a
LCD display screen to let it change luminance first from black to white and
10 later from white to black; Fig. 17c shows a waveform according to the
present invention of a second video signal corresponding to a picture
element which changes first from black to white and later from white to
black; Fig. 18 shows a stand-alone apparatus according to the present 1~
invention; Fig. 19 shows an apparatus according to the present invention,
connected between a video generator and an image display; Fig. 20 shows a
video generator with a built-in apparatus according to the present
invention, which is connected to an image 20 display; Fig. 21 shows a video
generator which is connected to an image display which contains an
apparatus according to the invention; A first example of a specific image
is illustrated in Fig. la) 25 Fig. lb and Fig. lc. An image display 1 has
on its display screen 2 a specific image 3 characterised by a high noise
content, the image being scrolling down at such a slow speed that the
scrolling steps are individually perceptible. Fig. 1b shows an enlarged
part 4 of the specific image 3, its location referred to the image being
shown 30 in Fig. la. Fig. lb and Fig. 1c illustrate a downward scrolling
step equal to the difference between the distance 5 of a bright image point
6 to the top border of the image before a scrolling step and the distance 7
after the scrolling step. A second example of a specific image is
illustrated in Fig. 2 and shows a window 8 with 35 text inside, which is
moved over a display screen 2 from a location 9 to a location 10. Depending
on the luminance rise and decay responses of the display device and on the
scrolling or movement speed, artefacts are seen as a large-area luminance
flash, largearea luminance flicker, a temporary faulty large-area
luminance. 40 Fig. 3a, Fig. 3b and Fig. 3c illustrate the movement on a
display screen of a white point 11 with the dimension of a picture element
from a first position 12 (Fig. 3a) to a second position 13 (Fig.   0 9 AU G
2'OC~ WO 99I54865 7 PCT/EP99I02Q50 3c). Only a small part 14 of the display
screen enclosing the two locations 12 and 13 is shown in an enlarged way.
When the white point changes instantly from the said first position 12 to
the said second position 13, the following happens. 5 On a display screen
of which the luminance response is immediate, the white point will at the
same instant fully disappear at the first location 12 and fully reappear at
the second location 13; the luminance integrated over the screen area 14 at
time instances before, during and after the move of the white point will be
equal 10 to the luminance corresponding to one white point. On a display
screen with a luminance rise time different compared to the luminance decay
time as it is typical for an LCD display device, the luminance decay (or
rise) of the white spot at the first location 12 will be different from the
simultaneous luminance rise 15 (or decay) of the white spot at the same
instant at the second location 13; the total luminance integrated over the
screen area 14 is not equal immediately before, during and after the
movement of the white point. In Fig. 4 is shown the luminance before,
during and after the 20 movement of the white point 11 at a time instant TO
from a first location 12 to a second location 13 on a display screen of
which the luminance rise time is shorter than the luminance decay time. The
horizontal axis 15 is a time scale and the vertical axis 16 is a luminance
scale. Graph 17 shows the luminance of the picture element 25 at the first
location 12, graph 1B shows the luminance of the screen picture element at
the second location 13, and graph 19 shows the integrated luminance over
the screen area 14. 



In Fig. 5 is shown the luminance before, during and after the move of the
white point 11 at a time instant TO from a first 30 position 12 to a second
position 13 on a display screen of which the luminance rise time is longer
than the luminance decay time. Graph 20 shows the luminance of the picture
element at the first location 12, graph 21 shows luminance of the picture
element at the second location 13, and graph 22 shows the integrated
luminance over the 35 screen area 14. Fig . 4 and Fig . 5 show that when
the white to point 11 moves from the first position 12 to the second
position 13, there is a short luminance jump, upwards or downwards
depending on how the rise and decay times of the display screen relate to
each other. Within a 40 same time period, the luminance of the picture
element at the second location 13 is changed differently compared the
luminance of the picture element at the first location 12, the difference
determining the amplitude of the luminance jump. This luminance jump is at
the origin of the artefacts mentioned above and further explained below.
0 9 A U G 20p2 WO 99/54865 8 PCT/EP99/02050 If more white points are moved
at the same instant and within the same small area of the display screen, a
luminance jump will occur as well but its amplitude depends on how the
white points are distributed within the same area. 5 Fig. 6a, Fig. 6b and
Fig. 6c illustrate how two white points laying side-by-side move in the
same horizontal direction over a distance of one picture element. In Fig.
6b is shown that one picture element does not change luminance, while two
other picture elements change luminance. Compared to the move of one white
point 10 as described above, the amplitude of the luminance jump within the
area 14 is equal) however the relative luminance jump being the absolute
luminance jump related to the total luminance of the moving points is
smaller. Fig. 7a, Fig. 7b and Fig. 7c illustrate how three white points 15
laying side-by-side move in the same horizontal direction over a distance
of one picture element. In Fig. 7b is shown that two picture elements do
not change luminance, while two other picture elements change luminance.
Compared to the move of one white point as described above, the amplitude
of the luminance jump within the 20 area 14 is equal Compared to the move
of two white points as described above, the amplitude of the luminance jump
within the area 14 is equal, however the relative luminance jump being the
absolute luminance jump related to the total luminance of the moving points
is smaller. 25 Fig. 8a, Fig. 8b and Fig. 8c illustrate how two white points
above each other move in the same vertical direction over a distance of one
picture element. In Fig. 8 is shown that four picture elements do change
luminance at the same time. Compared to the move of one white point, the
luminance jump is doubled, but the relative 30 luminance jump is the same.
Different combinations of white points moving at the same time in a same
direction from one first location to a second location within an area of
the image screen will give different absolute and relative luminance jumps
within that said area. In Fig. 9a, Fig. 9b 35 and Fig. 9c is illustrated a
movement of a larger combination or cluster of white points from one
location to a more right-down location. Fig. 10 illustrates a white point
11 moving during a time interval TO-T3 of 3 frame periods from location 23
to location 26 40 over locations 24 and 25, within a screen area 14. Fig.
11 shows the luminance graph 27 in function of time, integrated over the
area 7.4. A temporary lower luminance 28 occurs during the move of the
white point. The luminance is temporarily faulty. This artefact is related
to the image jump and further mentioned as a 'temporary faulty 45
luminance'.    W O 99/S4865 9 0 9 AUG 200Z PCT/EP99/02Q50 The 'luminance
jump' and 'temporary faulty luminance' artefacts were explained hereabove
for simple moving images composed of one or more white points. These
artefacts however occur more or less visible and/or measurable with any
image moved on a display screen 5 of an image device with different
luminance rise and decay times. When an above mentioned specific image, for
example the image illustrated by means of Fig. la) is moved over the screen
whereby its content remains unchanged, depending on the speed of the
movement, artefacts ranging from a luminance jump (or a brighter or 



10 darker luminance flash), over a large-area flicker to a large-area
faulty luminance may occur. The artefacts occur only in the images or in
parts of the image which are moved. In Fig. 12 is shown a prior art
connection of a video generator 29 to an image display 1. 15 An embodiment
of the present invention is explained by means of block diagram Fig. 13 and
figures of waveforms. It is an apparatus in which a first video signal is
converted into a second video signal. Fig. 13 shows a block diagram of an
apparatus 32 according to the 20 present invention. The input is a first
video signal 33, and the output is a second video signal 34 which is a
conversion of the first video signal 33. The apparatus 32 comprises several
functional blocks, being an optional inverse gamma correction 35) a
subtractor 36, a first adder 37, a second adder 38, a processing block 39,
a 25 one-frame memory FM, and an optional gamma-correction 40. The said
functional blocks are interconnected through several interconnections for
the interchange of values between the functional blocks. These values may
correspond to luminances, or to gamma-corrected video signals, or to video
signals without gamma 30 correction, or to a combination of one or more of
these, depending on where the apparatus 32 is located in a video chain
between a video generator and a display device. For the description of the
apparatus 32, it is assumed that the values are linearly related to
luminances on the display screen and that the first and second video 35
signals are not gamma-corrected. It will however be easy to extend the
apparatus for gamma-corrected video signals by the addition of an inverse
gamma-correction 35 at the input side, and a gammacorrection 40 at the
output side, or by integrating gamma-awareness into the apparatus 32. 40
The processing block 39 has an optional input for values TL, these values
being related to the present status of a picture element of the display
screen such as temperature, location of the picture element being
processed, differences in display behaviour between production batches,
ageing of the display) intended to be 45 used for compensations in the
conversion of the first video signal   4 9 AUG 2002 WO 99I54865 10
PCT/EP99102050 into the second video signal. These values may come from a
sensor in the display device) or be user-configurable through an on-screen
display or an external data entry device. For the explanation of the
operation o the apparatus 32, a first 5 video signal IN1 as shown on Fig.
14a is chosen. This chosen first video signal corresponds to a white
picture element on a black background, the white picture element appearing
at time TO and disappearing at time T10. In Fig. 14a, the horizontal axis
is a linear time scale with divisions TF1 corresponding to frame periods 10
of the first video signal, and the vertical axis is a linear voltage scale.
The first video signal amplitude changes at TO from IO to I1, and at T10
from I1 to I0. Fig 14b shows the waveform of the RMS drive voltage applied
inside a typical LCD display device to the one or more liquid 15 crystal
image cell(s) of the display screen of LCD display device which are driven
to display the white point of the first video signal IN1 and this according
to prior art. Fig. 15a shows a number of luminance time responses of a
picture element on a display screen of an LCD display device of which the
20 luminance rise time is shorter than the luminance decay time. The
horizontal axis is a linear time scale, and the vertical axis 41 is a
linear luminance scale. The luminance responses in Fig. 15a correspond to
one unique LCD display device; the response is dependent on the display
device, the location of the picture element 25 on the display screen, on
the temperature. Graph 42 on Fig. 15a shows the prior art luminance
response to the first video signal IN1 at the location of the displayed
picture element. As shown, the luminance rises from time instant TO for a
duration of several frame periods from LO to L1, and decays from 30 time
instant T10 for a duration of several frame periods. The luminance rise
time is shorter than the luminance decay time. Graph 43 shows the prior art
luminance response of the same picture element to a first video signal
which is reversed in amplitude compared to video signal IN1 and which is
further called  35 IN1. Luminance rise and decay times are as with Graph
42. Video signals IN1 and -IN1 do not occur at the same instant for driving
the same picture element, but may both be present at the input within a
time interval shorter than an input frame period when e.g. a white picture
element moves from one location to another 40 within the image. According
to the present invention, the luminance rise and decay times are made
equal) obtained by slowing down the faster response to match with the
slower response, ox accelerate the slower response to match with the faster
response, or make the faster and the slower 



45 response equal to a predefined luminance response, the three methods   0
9 AUC ~~;.~ WO 99I54865 PCT/EP99/02050 being possible with the here
described embodiment. Accelerating the slower response will however not
always be useable in practice because higher drive voltages will be needed
and saturation may occur in the image display. 5 The solution is only fully
explained for making the faster response slower. Making the slower response
faster, or making the faster response and the slower response equal to
predefined responses, can easily be implemented by the skilled person. In
accordance with the present invention, graph 42 in Fig. 15a is 10 slowed
down to graph 44 during the time interval of rising luminance and matches
as close as possible to graph 45 being the reverse of graph 43. During the
interval of decaying luminance (from T10 on), the response should not be
modified and remain as graph 42. Fig. 16 is an enlarged version of a part
of Fig. 15a, namely 15 between time instances TO and T3. To the first
vertical axis 41 is added a second vertical axis 46 in order to show the
relation between the second video signal and the luminance of the image on
the display screen. The method for converting the first video signal into
the second 20 video is further explained referring to the block diagram
Fig. 13. The conversion is such that the second video signal is built up in
real time in consecutive steps during corresponding consecutive correction
periods TC. A correction period (TC) is by preference equal to the frame
period of the displayed image. A correction 25 period may be different from
the frame period (TF1) of the first video signal. From the present value of
the first video signal 33 is subtracted in the subtractor 36 a value FR
which corresponds to the present luminance as it was predicted one
correction period before. The 30 result is a value O. The value D
determines how the luminance will have to change during the next correction
period. Luminance should increase or rise when ~ is positive) decrease or
decay when O is negative, and remain equal when 0 is zero. The value D is
applied to a first input of the processing block 39. At a second input is
35 applied the predicted present luminance FR. With as input values D and
FR and if present the input of one or more temperature values TL related to
the connected display screen; are determined two output values, DC and DR.
How these values DC and DR can be determined is explained further. AC is a
correction value to be added to the 40 predicted present luminance FR in
order to reach a chosen luminance (to match to a chosen response) at the
end of the next correction period. DR is the value with which the luminance
will have changed   0 9 AUG 2'002 WO 99I54865 PCT/EP99l02050 12 after the
next correction period when DC is added to the predicted present luminance
FR taking into account the parameters of the display screen (of which some
are screen-location, voltage and temperature dependent). 5 The said value
~C is added in the first adder block 37 to the predicted present luminance
FR. Said predicted present luminance FR was predicted at the beginning of
the previous correction period and has been delayed over one correction
period in a one-correctionperiod memory FM. The output of the first adder
37 is a value which 10 is the second video signal 34 without optional
gamma-correction. The value DR is added in the second adder block 3 S to
the value of the predicted present luminance FR. The output is the
predicted present luminance for a next correction period. 



Although a correction to the second video signal takes several 15
correction periods, a memory FM of only one correction period (or only one
second video signal frame period) is needed. Per correction period is
determined a new correction value based on the present luminance which was
calculated at the start of the previous correction period and stored during
one correction period. 20 The above described apparatus 32 contains a11 the
above_mentioned functional blocks and connections to change a luminance
response in consecutive steps by converting the first video signal 33 to
the second video signal 34. It is however not always needed to change the
luminance response, namely when the luminance response already 25 follows
the slowest response with the first video signal, the apparatus can work
transparently. This can be realised in the processing block 39. For further
explanation is referred now to Fig. 16 in which is shown how the luminance
resporyse is built up during three 30 consecutive correction periods from
the time instances TO to T3. From TO to T1, without correction) the
luminance rise would follow graph 42 and increase from LF to LA1. According
to the invention, the luminance response should however follow graph 45 and
increase from LF to LB1. The shape of the rising luminance slope is 35
however not exactly identical to the opposite of the shape of the decaying
luminance slope, and so it is difficult to match the rising luminance to
the graph 45 and at the same time reach luminance LB1 at time instant T1.
More important is however that the integrated luminance over the correction
period from TO to T1 is correct. 40 Therefor, the luminance should raise so
that the integrated luminance is the same as it would be if graph 45 was
followed and LB1 reached at T1. This is so when the luminance follows the
exponential graph 47, whereby the' luminance is LD1 at T1. The   0 9 AU G
2002 WO 99/54865 13 PCTlEP99/02050 corrected luminance response is marked
as 44 on Fig. 16 (and Fig. 15a). Referring to Fig. 13 and its explanation,
DC should have an appropriate value to correct the second video signal so
that the luminance increases to LC1 over a number of correction periods;
LD1 5 is the predicted present luminance FR at the end of the correction
period TO-T1. At T1, a following correction period T1-T2 starts. The
luminance should continue to follow as closely as possible graph 45 and at
the same time, the integrated luminance over T1-T2 should be equal as if 10
the luminance response would follow graph 45. Therefor, the luminance
should rise (graph 48) to the luminance LC2 and rise from LD1 to LD2 within
the correction period T1-T2. LD2 is the predicted present luminance after
the correction T1-T2. If the video signal would not have been corrected, a
luminance LA2 would have been 15 reached at T2. On the vertical axis 46 in
Fig. 16 are set out values with reference to Fig. 13 and its explanation.
The first video signal amplitude value goes from INF to INT at T0. At T1,
the difference between the value of the first video signal and the
predicted 20 present luminance FR predicted at T0, is O1=INT-FR1. The
output of the processing block is ~C1 and is added to FR1 to be the new
second video signal value. The predicted rise of luminance after the
Correction period T1-T2 is ~R1) and the predicted present luminance at T2
is FR1+L~R1=FR2. From T2 on, the luminance response is built up 25 in the
same way as described here before up to a luminance LT. On Fig. 15a is
shown, that from T10) the luminance response follows the slower luminance
decaying response and no correction is carried out, the apparatus 32
working transparently. Fig 15b shows the waveform of the RMS drive voltage
with 30 reference to Fig. 14b, but now in response to the second video
signal. In Fig. 15c is shown the second video signal, being the converted
first video signal shown in Fig. 14a. In Fig. 17a, Fig. 17b and Fig. 17c
are shown similar waveforms 35 compared to Fig. 15a, Fig. 15b and Fig. 15c
, however for a display device of which the luminance rise time is longer
than the luminance decay time. The luminance decay is now made slower from
T10. In the processing block 39) the output values DC and DR are determined
in function of the input values D and FR and optional 40 temperature values
and location values. The following C-language function is hereby used.   0
9 AUG 2Oi~e^ WO 99I54865 PC'TlEP99/02050 14 



void calc deltas(int delta_in, int from, int *delta_out, int *delta_res) (
5 float dout, dress if (delta_in > 0) /* positive slope */ ( /* no drive
correction needed */ 10 dout = delta_in; ) else /* negative slope *! ( /*
correction value */ 15 Bout = (float)delta_in ( (FRAME_PERIOD - tau rising
* (1 - exp(FRAI~?E_PERIOD/tau_rising) ) ) / (FRAME_PERIOD - tau_decaying *
(1 - exp(FRAME_PERIOD/tau decaying))) 20 ) * temp_function(temperature,
DECAYING) * location_function(screen x,screen~); 25 * Predict pixel
response. To be used in next frame iteration. * Always predict the slowest
edge, since that is what we want to * make the fastest one do as well . 30
dyes = (float)delta_in * (1 - exp(-FR.AME_PERIOD/tau_rising)) *
temp_function(temperature) RISING) * location_function(screen_x,screen~);
35 *delta_out = (int)rint(dout); *delta_res = (int)rint(dres); 40 In the
above shown C-language function, corrections are determined every 1/60
second (frame rate 60 Hz). It is written for the display of an image on a
display device of which the luminance rise time is longer than the
luminance decay time. Values 45 "delta_out" (being OC) and "dyes" (being
DR) are calculated from "delta_in" (being 0) and "from" (being FR). When
"delta_in" is positive, the luminance should rise (called positive slope)
and no correction is to be made. The calculation of dout (or OC) is based
on the following equation wherein T is the correction period   0 9 AUG 20~
WO 99/54865 15 _-T T-ZsI1-a ~ OC=D -T 'T-ZF 1-a ZF PCTIEP99/02050 The
calculation of "dres" (DR) is based on the following equation 



-T 1_e Zs 5 ~LS (or tau_rising) and 'Cp (or tau_decaying) are time
constants of exponential functions corresponding to luminance time
responses. The C-program function includes a correction in function of
temperature (temp-function) and location (location-function). The
processing block 39 may be implemented in different ways. It 10 may be a
pre-calculated look-up table with D and FR as input values, and DC and ~R
as output values which before being output are sent through multipliers for
temperature and location dependent corrections. It may be a hardware
implementation of the C-program function 15 shown above. It may consist of
a look-up table and a microprocessor to update the values in the look-up
table in function of temperature. Fig. 18, Fig. 19, Fig. 20 and Fig. 21
show other possible embodiments or applications of the present invention.
Fig. 18 shows 20 a stand-alone apparatus 49 which converts according to the
present invention a first video signal 33 into a second video signal 34,
having an optional input 50 for values (TL) related to a display screen and
having an optional temperature sensor 51 for measuring a temperature of a
display screen. Fig. 19 shows an apparatus 25 according to the invention 52
which is connected between a video generator 29 and an image display 1.
Fig. 20 shows an apparatus according to the present invention 52 built-in
inside a signal generator 29 which is connected to an image display 1. Fig.
21 shows an apparatus according to the present invention 52 built-in inside
30 an image display which is connected to a video generator 29.   0 9 AUG
2~, WO 991548G5 16 PCT/EP99/02050 It ~s also a possible application of the
present invention that a video signal is generated or converted inside a
signal generator so tha~ the luminance time responses of a picture element
of an image, displayed on a display device with different luminance rise
and 5 decay times, are equal for an amplitude change of the video signal
and for the opposite amplitude change of the video signal.   .. , .. ,..
...~~L~V U5 1 ~-~~6-2000 ; ' ~ - j _ i3 _, s- o -__ is: ?i : a2 is 4so~2s-.
__ _ ~'-49 ss ' EP 009902050 0 9 AU G 20~'.. 17 Cla7.ms 1.- A method ror
the' conversion of a first video signal into a second video siytlal, the
second video s~.~nal being intended fo= 5 display on a display device, the
display device eomprisirq a display scr=en and picture elements hav=ag
different luminance rise and decay times and operat.~ng at a frame period.
wherein the conversion is such that the second viS3eo signal. causes the
luiainance time response of a picture element of the 10 display device tc~
a change of the fizst video signal fz~n a first 



amplitude value to a second amplitude value to 3~atre substantially the
sasae amplitiudeltime criafacter~.,stzc but reversed i.3 slope compared to
the luminance tiava response of the same or another picture element of the
said display device to a change of ..he 15 fy.rst video signal frola the
said second amplitude value to the said first a~l~tude value, the
conversion step comprising modi'ying the huminance response time of the
gictixre alemenc by step-wise formation. of the second v?den signal. 20 2.-
A method accerdz.ng to el.ai~. i, wherein ~~Sesaid luminance timerespoases
are to be substantially equal :.aamplitude and notslower than rye
lumiaa.~ce respvase of the samoor another p~,ctureelement caused by the
first video sigazldisplayed withoutconversion.2:3 . - A metaod accozding tQ
G~,a:.m 1, wherein thesaid luminance t.meresponses ate to be substantially
equal to predefined luminancetie =espvrses .30 9.- R method according to
any of the precedingclaims, wherein taecorrection sigtzal is built up is
consecutive steps duringcorresponding consecutsve correction periods. 5,- A
method according to claim 4, wherein at the start of a 35 correction
period, for the determination of the next step, one or more of the
fcllouing parameters az~e taken into account - the presaat luminance of the
picture element as pz~edicted at the instant of the previous correction
period, - the present aacplitude of the first video signal. - t2:e physical
location of the picture element on the display screen, - the p=esei2z
temperatu:e at the location of the picture element. Amended claims   -
y.'~l~..ri~y trh : i:3- . ti- !J _ __. =~ v _' . ~:..~ :~.F :.~L ~.:3- -, _
-'~' _ ~w ~;--_ . . __ -=-0~6-.C00 - __ - t? GC9902050 4 9 AUG 2'a(~Z ,U n
. - ~ clef: cd accor.~~,: c_ to e..'^ J c~ ..=a_:-.. c~ ... '.vc 4
er~-~..~.: a CCZ~'~'CLli:''s p2=~CC! ~.. ?^'._...~... ,''"'.J .i ~'.1_._ .
~ :.. .`..`:~ _=3.~8 y? : ~.7C C ~e f-.;st v;,dea ci~a-'.. , ? , - A tee-.
:cd arc:,-~:.ng t:, any Qre c L _...:e _ --ecadiag c^ a ~~. s~he;e=n t: a
free rate cy to seG;rc ~dec si~~a'_ ;s d;~_~sa.ct -=C~ t`_.4 ~~~tL' r3L2 O~
tc =~=W v=.":,?s? ~=.:.:::.. ~ metaod actor:.in~ to any ef ty:e
cla.^'_..^~s 1r ~, ~, 5. 6 and ' ( 10 ;aherei:~ the conversion a~ ` a =i.r
s t P deo s:, rna~. '_a:.a the s ecr_a: ~deo siy~al a.s such tha4 t-`le
Lua~ance re.....-.ponse o~ a picr;ir_ e_~ezm og t~'~e d~.spi av sc=ewn to a
charge oL t.:e first ~=deo .~ :.s to be slower d~wa .r. order to xatc'a the
'_~i:sa~cce rsspctrse ~,n t me arld actpii,tude to ~.~e kacvm s? over :.;
rai.~~ce 15 = ssror se a: the sane cr anct..'~e= ~=G tar a e~.e~ent ro=
t`~e ccc~os=t a r"~ri~e e~ ~he First `Jldet7 5:.e121. 3,- ~ mez:a.od
according try one ct.':e c=ass 1, ~, 4, 5, 6 cad 7, tuber; i:~ r.'ae
canversiaa og the fi=st 'cridea 5_gnay to t_'1e second ~f? v~ceo s=gn.a? is
suc.~ rhat the hua:~~ance res; case of a picture e'_rment a= t:le dismay
screen t4 a change of the first video s;gna:: i s tc he acc2:.erated i.Z
order to patch the lun:.:tance -spcrie 'n t=.~:e atsd ~lit~.lde to the
~caovr_ faster ltm~ance resncase c~ t:le same o. z^.otzer picrare element
rcr the Op~cCS:.tE G:3.Tlye Of the ~:=SL tTldeO S:Lg;la~. 0.- The met.~od
aCcCr~g to any of t'n~ FYev~.ous claims, comprising she steps ot:-
suatractin.g fr>am t.`1e iisst vid8~7 Siglla'_(3~) a predCts.^'.30 grese^t
luminance (~) , so as to o~ta.~.:a Gf=ere^cr var.Le):- det~l~~g a _ first
car=aca::,pla -raiue (dC~ and a secazldCLlri: 2C ~.rCll V'~Tl~ ~I~. ~ L~ C~
tue C~~:.-~r P.!:crV'd_' 1Z~ (1~.1 3iC ts~l~2predicted presa.~,t
lu~.i.rra.rce (FZ) ;:5 - adding the i'i.is t carrectiaa vai~.ae (bC;and the
p=edictecpresent L:laz_:aance c F~) , thus obtaia~g ryesec: nd P:.deo
s_cmalI3g)- adding th.e second cor=eat:.on vat as (L~R)and =.:e
predicted~7r~5PJ,lt ].,Tm; n,3nC2 (F~) . t:lc.s ohts~inga aexo
pradictadDrBSP.IY~ 11:~CJ.-'laIlCB; 3I10;- delaying trie next predicted
przsent ltsm:~.na_~ce, thus ~cr~.iagthe pred:.cted prege:-st lurcinar~.ce
fer a aexzcorrmction per:.od. Amended claims   ...,. , . . ... ..LtN
~C:a~lV U5 



. v_~E_,,r~CG 13- 6- 4 ; , $ ; .,-, , 3.^. '.8 ~.~C~:.'.3- ~..~.g ao n .
___ __ __ __ _._. ~p ppACp205( 0 9 AUG 2'002 ,~ :iI1 is~~33r~t?1S (.~"~c5 L
:~ C"-^-~!2.~ :~L~ a _...~SS, 'T~c",i.~J $ :.^ :ia~ (= ...rto a seco: d
video si ~a_ (3~) I ~~1~ rS~CV__^_Q V_d~a s=yna= ~e~: q i01' C~..'.S_.S".1
at1 OL. c''. G'_".~w._s:!J Gw'1'..C;: .^.vr~.:.'~JWG r,.'. ~..~.. 21
3:C~Ila'-.3 4i.'.,`. d:.f=?_?..riu ' u~:ria..'~.c-a _~so z.^_t a dcccy
~::~c3a ;.'tee d=.splay dev=ce 5 r.~~,.:~er comFz:.sing a c_.~Fla;r screen
and cppr3r'_ng at a i=dae e..:.w '' d~ COi~"` ~e appa;at~a bp~g adapted tc
ccnverc ~~e =i=st ~=dec signal to t~e spccr.C. -~i,deo 5=final such. raac
~.~e saccud ridea si.r~t~a.l causes t_:e ~.un~:~ance r:~e respor.3e cf a
P=c~s=' e:eme~ct oz tae crisp=ay dev:ca la to a c :arqe of th,e f~.rst
v=cea sigrai fxcr~, a Lirst amnlit.~.de ra.~.ue to a secaxsd aaplit-.ade
value to. have subst3ift.ally r,.he s;~e ar~T it`_udelt:.me~ charactsrat_c
but raver3ed firs slope cat~pared to :,t,e ;'~i: a ncs ti.~ne response of
tae same cr anatber picture eieme^;. cf L".e Ci3nia!r dev~.ce to a cha~^.ge
of the fyrst video signal Tim ~e 15 sa' d sec:,nd a~l.itude value to the
sa~.d fzwst ,amplitude value by sod,:.y_x.r~ ~e lum=uancL response ~ ~^ ef'
tk~e bictzxra e_ezaent by stepw~,;e for;nation of the secaad vr.~o s:.gnal.
. _~. ~~e apparatus acccrd~g to claim y l, f-art~.e; cotaprising: a 1G
suht=acrar i~~? for sv: uractiag fzor~ the first vicee signal (~3? a
pred=~~~d present lum:azanca, - a ~x'OCESS.lIIC~ ~?~ OC!G (39) , having as
input the output of tre sub`.racucr and tie predic-zd present lumi :nave,
and as output a ~~~st and a second correc~=on value, Z`. - a first adder
i37) for ac~d.aq the =first carract;Qa value of the proGess~g blcc!s i39)
and the predicted present luminance, thus ~D~l.3t~ t,~g Se:C.G7T7.'Lr vi
deo signal ( 3~.? , - a second adder for add~nq tae second carrect:,on
value arid ~e erai.'icced present :.trance, thus fo~:.aq the next
predi.Gved 3~ pr2seat ? urn.:.nance, - a one-r=ame memory, far delaying tae
next predicted pr2ser~ '_u~.nanee. t1L19 fora~.nq tae predicted pra~ent
luminance fcr a. next caryaction period. Amended claims .A.AlF.AF%.A.A;
3.A(,.A(.AfN.AYY.A{.A3?.A5Y.AFL.Aye.AN.A90.AyL.A5FL.A5.0;>FMY[]^jqr  R
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