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Conversion of a video signal for driving
a liguid crystal display

The present invention relates to the display of images on image
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.

The display of video images on display devices such as a Cathode
Ray Tube (CRT) or a Ligquid 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
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 suécessive frames which are displayed on the
display screen of such a CRT or LCD display device is integrated by
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 digplay screen of a CRT display
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
eaid area is hit by a writing electron beam.

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.

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
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
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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 are also known to be different for a darker-to-
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
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 egual. EP Q0 487 140 discloses a method for speeding up
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 responsa,
but this flicker is not due to the difference between luminance rise
and decay times, but by how image lines are written.

There exist, a number of imageé, further referred to as specific
images, which when moved over a display screen with different
luminance rise and decay times, give rise to wvisible and measurable
artefacts in the displayed image, even when the luminance responses
are shortened.

It is characterising for said specific images that they contain a
mumber 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
causes the luminance decay (or rise) of a white spot at a first
location to be different from the simultanecus luminance rise (or
decay) of a white spot at a second location, when the white spot is
moved from the Ffirst to the second location. The total luminance
integrated over the screen area immediately before, during and after
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.

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.
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The visible artefacts cause the quality of the displayed image to

range from being inferior to unacceptable . The known solutions of

jncreasing the frame rate do not fundamentally solve the problems
but only make them in the best case less perceptible.

It is the aim of this present invention to remove the said
luminance jumps and all the visible artefacts resulting from said

s luminance jumps in a displayed image during and immediately after

the movement of the image, the luminance jumps and the artefacts

. caused by a difference in luminance rise and decay times of the
~ 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 Iuminance
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 wvalue 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 of
the said image to a change of the first video signal from the said
second amplitude wvalue to the said first amplitude wvalue. The
luminance time responses c¢an be made substantially equal to
‘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
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
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
the lunminance 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.
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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 wvideo signal,
the physical location of the picture element on the display
screen,

- the present temperature at the location of the picture element.

Preferably, a correction period is egual 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 wvideo signal from a
first amplitude value to a second amplitude wvalue to Dbe
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 firsf video signal from the said
second amplitude wvalue 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. la, Fig. 1b and Fig. lc illustrate the display of a specific
wideo signal and its scrolling down over the display screen;

Fig. 2 illustrates the display of a specific "text window" wvideo
sighal and its movement over the display screen;
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Fig. 3a, Fig. 3b, and Fig. 3¢ 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
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):

Fig. 6a, Fig. 6b, and Fig. 6¢ 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. Bb, and Fig. 8c¢c illustrate a vertical movement of
two white points on a display screen;

Fig. %a, 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;

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 comnection of a video generator to an
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
from white to black;

Fig. 14b shows a waveform of a prior art RMS drive voltage to an
individual liguid crystal cell in a LCD display screen to let it
change luminance first from black to white and later from white to
black;

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
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;

Pig. 15¢ shows a waveform according to.the invention of a second
video signal corresponding to a picture element which changes Efirst
from black to white and later from white to black;
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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
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
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
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 commected to an image
display; .

Fig. 21 shows a video generator which is connected te an image
display which contains an apparatus according to the invention;

A first example of a specific image is illustrated in Fig. 1la,
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. 1lb shows an enlarged part 4 of
the specific image 3, its location referred to the image being shown
in Fig. la. Fig. 1b and Fig. lc 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
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, large-
area luminance flicker, a temporary faulty large-area luminance.

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.
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3¢). 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.

On a display screen of which the luminance response iz 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
'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 simultaneocus luminance rise
{oxr 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 egual immediately before, during and after the movement of

" the white point.

In Fig. 4 is shown the luminance before, during and after the
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
at the first location 12, graph 18 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 T0 from a first
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 graeph 22 shows the integrated luminance over the
screen area 14.

Fig. 4 and Fig. 5 show that when the white 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
same time period, the luminance of the picture element at the second
location 13 is changed differently compared the 1luminance of the
picture element at the first location 12, the difference determining
the amplitude of the luminance jump. This luminance jump iz at the
origin of the artefacts mentioned above and further explained below.
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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. .

Fig. 6a, Fig. 6b and Pig. 6c¢c 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
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
laying side-by-side move in the same horizontal dQirection over a

-distance of one picture element. In Pig. 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
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
luninance jump related to the total luminance of the moving points
is smaller.

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
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. %
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 T0-T3 of 3 frame periods from location 23 to location 26
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 14.
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 Jjump and further mentioned as a ‘temporary faulty
luminance’.
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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
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
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 wvideo generator
29 to an image display 1.

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 diagrain of an apparatus 32 according to the
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
one~frame memory FM, and an optional gamma-correction 40. The said
functional blocks are interconnected through several
intercomnections 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 gamua-
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
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 gamma-
correction 40 at the output side, or by integrating gamma-awareness
into the apparatus 32.

The processing block 39 has an optional input for wvalues 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
used for compensations in the conversion of the first video signal
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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 of the apparatus 32, a first
video signal INl1 as shown on Fig. l4a is chosen. This chosen first
video signal corresponds to a white picture element on a black
background, the white picture element appearing at time T0 and
disappearing at time T10. In Fig. 1l4a, the horizontal axis is a
linear time scale with divisions TF1 corresponding to frame periods
of the first video signal, and the vertical axis is a linear voltage
scale. The first video signal amplitude changes at T0 from I0 to Ii,
and at T10 from Il to IO.

Fig 14b shows the waveform of the RMS drive wvoltage applied
inside a typical LCD display device to the one or more liquid

" 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
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 1linear luminance scale. The Iluminance 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
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 T0 for a
duration of several frame periods from LO to L1, and decays from
time instant T10 for a dQuration 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 -
IN1l. Luminance rise and decay times are as with Graph 42.

Video signals IN1 and -INl1 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
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, or accelerate the slower response
to match with the faster response, or make the faster and the slower
response equal to a predefined luminance response, the three methods
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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.

The solution is only fully explained for making the faster
response slower. Making the slower response faster, or m)aking the
faster response and the slower response equal to predefined
responses, can eagily be implemented by the skilled person.

In accordance with the present invention, graph 42 in Fig. 15a is
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
between time instances T0 and T3. To the first wvertical 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
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
ecqual to the frame period of the displayed image. A correction
period may be different from the frame period (TFl) 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
result is a value A. The value A determines how the luminance will
have to change during the next correction period. Luminance should
increase or rise when A is positive, decrease or decay when A is
negative, and remain equal when A is zero. The value A is applied to
a first input of the processing block 39. At a second input is
applied the predicted present luminance FR. With as input values A
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, AC and AR. How these values AC and AR can be determined is
explained further. AC is a correction value to be added to the
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. AR is the value with which the luminance will have changed
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after the next correction period when AC 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).

The said value AC 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-correction-
period memory FM. The output of the first adder 37 is a value which
is the second video signal 34 without optional gamma-correction.

The value AR is added in the second adder block 38 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
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 c_érrection period.

The above described abpa:r._‘atu 32 contains all 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
follows the slowest response w:.th the first wvideo 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 Iluminance xesponse is built up during three
consecutive correction pericds from the time instances T0 to T3.

From T0 to T1, without correction, the luminance rise would
follow graph 42 and increase from LF to LAl. According to the
invention, the luminance response should however follow graph 45 and
increase from LF to LBl., The shape of the rising luminance slope is
however not exactly identical to the opposite of the shape of the
decaying luminance slope, and so it is d@ifficult to match the rising
luminance to the graph 45 and at the same time reach luminance LB1
at time instant Tl. More important is however that the integrated
luminance over the correction period from TO to T1 is correct.
Therefor, the luminance should raise so that the integrated
luminance is the same as it would be if graph 45 was followed and
LBl reached at Tl. This is so when the luminance follows the
exponential graph 47, whereby the luminance is ILD1 at T1. The
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corrected luminance response is marked as 44 on Fig. 16 (and Fig.
15a). Referring to Fig. 13 and its explanation, AC should have an

appropriate value to correct the second video signal so that the
luminance increases to LCl over a number of correction periods; LD1
is the predicted present luminance FR at the end of the corxection
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
the luminance response would follow graph 45. Therefor, the
luminance should rise {(graph 48) to the luminance LC2 and rise from
1Dl 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 LA2Z would have been
reached at T2.

Oon 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 TO. At Ti, the difference
between the value of the first video signal and the predicted
pfesent luminance FR predicted at TO, is Al=INT-FR1l. The output of
the processing block is ACl 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 ARl, and the predicted present luminance

at T2 is FR1+AR1=FR2. From T2 on, the luminance response is built up
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
reference to Fig. 14b, but now in response to the second video
signal.

In Fig. 15¢ is shown the second video signal, being the converted
first video signal shown in Fig. 1l4a.

In Fig. 17a, Fig. 17b and Fig. 17c are shown similar waveforms
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 AC and AR are

determined in function of the input values A and FR and optional

temperature values and location values. The following C-language
function is hereby used.
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void calc_deltas (int delta_in, int from, int *delta_out, int
*delta_res)
{

float dout, dres;

if (delta_in > 0) /* positive slope */
{
/* no drive correction needed */
dout = delta_in;
}
else /* negative slope */
{
/* correction value */
dout = (float)delta_in *
( (FRAME_PERIOD - tau_xising * (1 - exp(-
FRAME_PERIOD/tau_rising))) .
/ (FRAME_PERIOD - tau_decaying * (1 - exp(-
FRAME_PERIOD/tau_decaying)))
)
* temp_function(temperature, DECAYING)
* location_function(screen_x,screen_v);

}
/* :
* Predict pixel response. To be used in next frame iteratiom.
* Always predict the slowest edge, since that is what we want
to

* make the fastest one do as well .
*/
dres = (float)delta_in _ _
* (1 - exp(-FRAME PERIOD/tau rising))
* temp_function (temperature, RISING)
* location_function({screen_x,screen_v);

*delta_out
*delta_res

(int)rint(dout) ;
(int)rint(dres);

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

"delta_out"” (being AC) and “dres" (being AR) are calculated from
“delta_in" (being A) 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 AC) is based

on the following equation wherein T is the correction period :
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AC=Ae .

The calculation of ‘*dres" (AR) is based on the following

equation :
=T
AR=Ae|1-¢ &

T, (or tau_rising) and T, (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

may be a pre-calculated look-up table with A and FR as input values,
and AC and AR as output values which before being output are sent
through multipliers for temperature and Jlocation dependent
corrections.

It may be a hardware implementation of the C-program function
shown above.

It may consist of a look-up table and a microprocessor to update
the values in the lock-up table in function of temperature.

Fig. 18, Fig. 19, Pig. 20 and Fig. 21 show other possible
embodiments or applications of the present invention. Fig. 1B shows
a stand-alone apparatus 49 which converts according to the present
invention a first wvideo signal 33 into a second video signal 34,
having an optional input 50 for wvalues (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
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
an image display which is connected to a video generator 29.
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It is also a possible application of the present invention that a
video signal is generated or converted inside a signal generator so
that the luminance time responses of a picture element of an image,
displayed on a display device with different luminance rise and
decay times, are equal for an amplitude change of the video signal
and for the opposite amplitude change of the video signal.
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Claims

1.-A method for the conversion of 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 rise and
decay times, the display device comprising a display screen, and
operating at a frame period, characterised in that 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 wvideo 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 of the said image to a change
of the firxst video signal from the said second amplitude value to
the said first amplitude value.

2.-A method according to claim 1, whereby the said luminance time
responses are substantially. equal in amplitude and not slower
than the luminance response of the same or another picture
element caused by the first video signal displayed without
conversion. :

3.~A method according to claim 1, whereby the said luminance time
responses are substantially equal to predefined luminance time
responses.

4.-A method according to any of the preceding claims, whereby the
conversion of the first video signal into the second video signal
is so that the second video signal is built up in consecutive
steps during corresponding consecutive correction periods.

5.~ A method according to claim 4, whereby at the start of a

correction period, for the determination of the next step, one or

more of the following parameters are taken into account :

- 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 the display

screen,

- the present temperature at the location of the picture element.

A method according to any of claims 4 or 5, whereby a correction

period is equal to a multiple of the frame period of the first

video signal.

7.- A method according to any one of the preceding claims, whereby
the frame rate of the second video signal is different from the

[.)}
.
!

frame rate of the first video signal.

8.- A method according to one of the claims 1, 2, 4, 5, 6 and 7,
whereby the conversion of the first video signal into the second
video signal is so that the luminance response of a picture

This Sheet Has Been Replaced
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element of the display screen 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. '

9.~ A method according to one of the claims 1, 2, 4, 5, 6 and 7,
whereby the conversion of the first video signal to the second
video signal is so that the luminance response of a picture
element of the display screen to a change of the first wvideo
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.

10.- An apparatus (32) for converting a first video signal (33)
into a second video signal (34), characterised in that it
comprises :

- a subtractor (36) for subtracting from the first wvideo signal
{(33) a predicted present luminance,

- a processing block (39), having as input the output of the
subtractor and the predicted present luminance, and as output a
first and a second correction value,

- a first adder (37) for adding the first correction value of the
processing block (39) and the predicted present luminance, thus
forming the second video signal (34),

- a second adder for adding the second correction value and the
predicted present luminance, thus forming the next predicted
present luminance,

- a one-frame memory, for delaying the next predicted present
luminance, thus forming the predicted present luminance for a
next correction period.
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