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7) ABSTRACT

Processing of images for displaying on a display for dis-
playing images on a liquid crystal display.
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SYSTEM FOR DISPLAYING IMAGES ON A
DISPLAY

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the processing of
images for displaying on a display, and in particular to the
processing of images for displaying images on a liquid
crystal display.

[0002] Video images are displayed on various display
devices such as Cathode Ray Tubes (CRTs) and Liquid
Crystal Displays (LCDs). Typically such display devices are
capable of displaying on a display screen images consisting
of a plurality of picture elements (e.g., pixels) which are
refreshed at a refresh rate generally greater than 25 Hertz.
Such images may be monochromatic, multicolor, full-color,
or combinations thereof.

[0003] The light of the successive frames which are dis-
played on the display screen of such a CRT or LCD display
device are integrated by the human eye. If the number of
displayed frames per second, typically referred to as the
frame rate, is sufficiently high an illusion of the images being
displayed in a continuous manner and therefore an illusion
of motion may be created.

[0004] The technique in which images are formed on the
display screen of a CRT display is fundamentally different
from the way in which images are formed on the display
screen of a LCD display. On a CRT display device the
luminance of a picture element is produced by an area of a
phosphor layer in the display screen where the area is struck
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 accurate reproduc-
tion of moving images or moving parts of an image, the
luminance response of the used display device is important.

[0005] The luminance responses and the luminance
response times of CRT and LCD display screens are differ-
ent. 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 periods for a typical LCD
display device.

[0006] For LCD display device, the luminance responses
and the luminance response times are different for a darker-
to-brighter luminance transition as compared to the
responses and response times for a similar brighter-to-darker
luminance transition. Further, 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).

[0007] One existing technique to change the luminance
response times with LCD display devices is to attempt to
shorten the overall luminance response times by over-
driving all the signals of the display for the slower of the
transition of darker-to-brighter and brighter-to-darker. While
of some benefit in increasing the temporal response of the
display, the resulting image still includes some flickering.
Flickering may be observed, in many cases, as apparent
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flickering of an image as the image is moved around on the
display. Flickering tends to be most pronounced when an
image is viewed on a shaded background with a dotted
pattern as well as vector art often used in computer aided
drawings.

[0008] Another existing technique to change to luminance
response times with LCD display devices is to slow down
the transition of all pixels of the display from the darker-
to-brighter brighter transition and the brighter-to-darker
transition to the slowest transition within the display. This
slowing down of the transition may be performed by modi-
fication of the driver waveform to achieve the slower
temporal response. While slowing down the transition of all
the pixels of the display results in a decrease in apparent
flicker, unfortunately, the slowing down of the temporal
response of the entire display result in objectionable motion
blur because of the insufficient effective refresh rate.

[0009] EP0 951007 B1 disclose a de-flickering technique
in which the video signal is modified so that the asymmetry
of luminance rise and decay time is compensated. EPO 951
007 B1 is incorporated by reference herein. Referring to
FIG. 7, FR which is representative of the present luminance
output as it was predicted one frame before (previous frame)
is subtracted from the input video signal. This difference and
the present luminance output FR are the two inputs to the
processing unit. The outputs of the processing unit are AC
and AR, where AC is the new correction value to be added
to the present predicted luminance FR, and AR is the new
prediction of luminance change after the next frame.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 illustrates temporal transitions for a liquid
crystal display.

[0011] FIG. 2 illustrates the temporal response of a liquid
crystal display.

[0012] FIG. 3 illustrates a modified temporal response of
a liquid crystal display.

[0013] FIG. 4 illustrates a system diagram for modifica-
tion of the input to the LCD display.

[0014] FIG. 5 illustrates a flow diagram for an exemplary
temporal response equalization filter.

[0015] FIG. 6 illustrates an improved temporal response
with an overdrive technique.

[0016] FIG. 7 discloses an existing de-flickering tech-
nique.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT
[0017] The present inventors considered the EP 0 851 007

B1 reference ("007 patent) and determined that the calcula-
tion of AR is based upon an assumption that the rising and
decay times follow an exponential function with a time
constant T which may be inaccurate for many actual dis-
plays. In addition, the 007 patent builds up the luminance
based on the prediction, thus any errors in prediction can
cause a cumulative error in luminance which may likewise
result in inaccuracies. Also, the 007 patent stores the
predicted luminance value in a frame memory which is
different from the video signal used to drive the LCD. This
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dual memory structure results in additional memory require-
ments increasing the expense of the display. Furthermore,
the *007 patent only addresses the reduction of flickering
artifacts and does not consider the temporal response speed
of the display.

[0018] The present inventors came to the realization that a
display system preferably simultaneously addresses both the
reduction of flicker and maintaining a fast temporal
response. Referring to FIG. 1, the different voltage levels
and the different temporal transition times are illustrated. It
may be observed that the temporal response of a liquid
crystal display is in fact quite non-linear with the rising time
between different transitions and the falling time between
different transitions varying significantly. There is no par-
ticular pattern for the transition times readily observable in
FIG. 1.

[0019] After consideration of the lack of temporal patterns
within a display the present inventors then considered illus-
trating the temporal transitions as a relationship between
quantized input levels (9 levels) and quantized output levels
(9 levels). Referring to FIG. 2, for one particular pixel the
light-to-dark and dark-to-light transitions are illustrated on a
graph. FIG. 2 illustrates an asymmetry between the different
transitions. For example, where the quantized input level is
near zero (black) the quantized output levels have a rela-
tively constant response time. In addition, there tends to be
a general decrease in the temporal response time with higher
input levels and decreasing output levels (toward upper left
hand comer of FIG. 2.). Also, for high quantized input levels
(white) the temporal response time increases significantly
for high quantized output levels (white) (toward upper
encorder of FIG. 2). Accordingly, the light-to-dark transi-
tions are relatively rapid while the dark-to-light transitions
are relatively slow. This differential temporal response
results in flickering of displayed images.

[0020] Temporal response measurements shown in FIG. 1
are somewhat difficult to effectively characterize so a quan-
tized set of levels 0-8 from a grey scale of 0-255 (i.c., each
level includes 32 grey levels) is illustrated in FIG. 2. Level
8 represents white, level O represents black, and the height
represents the response time. It is noted that liquid crystal
displays have no color dependence in the transitions because
the color is due to color filters. The temporal response varies
from generally less than 5 ms (switching from white to
black) to in excess of 70 ms (switching from white to light
gray). Shown in this manner it maybe observed that the
asymmetry exists across the range of potential transitions of
the display.

[0021] Typically designers of liquid crystal displays
attempt to minimize the transition time between different
states, or otherwise design the fastest optical materials
possible. To further minimize the transition time between
different states an overdrive technique may be used to more
rapidly drive the display to the desired state. The change
from one state to another state is typically performed by
changing the voltage applied to the electrodes between a pair
of frames and thereafter waiting for the liquid crystal mate-
rial to sufficiently change to provide the desired output. The
overdrive technique typically temporarily imposes between
the pair of electrodes a voltage greater than the voltage for
the desired output. At some point, such as prior to the time
required to reach the desired output or shortly thereafter, the
voltage is modified to provide the desired output. There is
limited, if any, concern by such designers of liquid crystal
displays other than to minimize the transition time. In many
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cases, with sufficiently fast transition times and sufficient
overdriving, the overall motion blur for a display can be
reduced. It is noted that the quantized levels illustrated in
FIG. 2 are merely for purposes of illustration and not
necessarily included within any particular drive scheme.

[0022] After a detailed analysis of the overdriving tech-
niques applied to existing displays, the present inventors
determined that many of the transitions, such as from a low
voltage value (i.e., white) to a high voltage value near the
display maximum (i.c., black) there is no need to overdrive
the display, on the other hand, from lack (i.. high voltage)
to white (i.e. low voltage) there is no opportunity to over-
drive the display without exceeding the maximum voltages
provided by the voltage drivers. In this manner, there are
some transitions that can not be overdriven to achieve a
faster transition time and thus the undesirable asymmetry is
actually exaggerated in many respects between those tran-
sitions that can be overdriven and those transitions that can
not be overdriven.

[0023] After consideration of the inability to overdrive the
display for many of the transitions, and the resulting exag-
geration in asymmetry, the present inventors came to the
realization that selective overdriving of some transitions in
combination with selective slowing of some other transitions
may be used to achieve a more uniform overall set of
transitions across the display. The selective overdriving of
the slower transitions assists in reducing the overall motion
blur of images because of the selective decrease in the
temporal response time (i.e. faster responses between states)
of the display. Similarly, the selective slowing of some of the
faster transitions reduces the temporal response time of the
display which is generally considered undesirable, but has
the beneficial effect of a reduction in the flickering of images
displayed on the display. The simultaneous overdriving of
the display and slowing of the temporal response of the
display is an unlikely combination. However, simulta-
neously selectively overdriving some of the transitions and
selectively slowing other transitions may achieve an overall
more equalized set of transitions, such as shown in FIG. 3.
In general, the result is to decrease the temporal response of
at least one pixel while simultaneously increasing the tem-
poral response of at least one other pixel of the display, such
as using an overdriving technique. Other techniques may be
used to increase the temporal response of the display, if
desired.

[0024] Referring to FIG. 4, an image processing technique
receives an analog video image in any desirable format. The
analog video image is preferably converted to a digital video
image using an analog-to-digital converter. Alternatively, a
digital video image may be received in any desirable format.
An input buffer receives the digital video signal, which may
simply be a first-in-first-out buffer or otherwise any buffer
structure. The input buffering is primarily included to pro-
vide limited buffering for the input signal, where the input
buffer preferably has less storage than 10%, 25%, 50%, or
75% of a frame. The input buffer provides input to a
temporal response equalization processing module. The
temporal response equalization acts to selectively overdrive
some transitions and selectively slow other transitions. The
output of the temporal response equalization processing
module is provided to an output buffer. The output buffer is
primarily included to provide limited buffering for the
output signal, where the output buffer preferably has suffi-
cient storage for a single frame. For example, the output
buffer may have sufficient storage for 75% or more of a
frame, 90% or more of a frame, 100% of a frame, 110% or
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less of a frame, 125% or less of a frame, 150% or less of a
frame, though normally less than 200% of a frame. The
output buffer may be shared with the LCD driver circuit to
reduce the need for additional memory requirement as a
result of the temporal response equalization processing. In
this manner, the total memory requirements for the LCD
driver circuit and output buffer (which may be the same if
desired) is 75%, 90%, 100%, 110%, 125%, 150%, 200%, as
previously discussed. The output buffer provides a feedback
input to the temporal response equalization processing mod-
ule and an input to the LCD driver circuit.

[0025] The temporal response equalization processing
may be implemented using any suitable processing tech-
nique. In many displays, the temporal duration of the
slowest response and the fastest response has a factor of
approximately 10-15 times (5 ms vs. 80 ms or 5 ms vs. 50
ms). The temporal response equalization preferably results
in a display with a temporal range between the slowest
response and the fastest response that has a factor of less
than 5 times, more preferably less than 3 times, more
preferably less than 2 times, and more preferably less than
1 time. The temporal range for these factors is preferably
determined based upon a majority of the transitions, greater
than 75% of the transitions, greater than 85% of the transi-
tions, greater than 95% of the transitions, greater than 97%
of the transitions, or 100% of the available transitions. In this
manner, the temporal response profile may be similar to that
illustrated in FIG. 3. The selective overdriving and selective
slowing of the transitions may be represented or imple-
mented in any manner, including for example a look-up
table, if desired.

[0026] The preferred temporal response equalization pro-
cessing technique includes using a temporal infinite impulse
response (IIR) filtering, so that only one frame buffer
memory is necessary. In this manner, the output is the
current frame plus the previous output (O;(x,y)=0, (X,
V)(1-k)+kli(x,y)). As a result, the effect of frames more
temporally distant from the current frame will have a
reduced contribution to the filtering. By using a temporal
infinite impulse response filter a single frame buffer approxi-
mately the same size as an image frame (e.g., +/-5%, 10%,
15%) may be used within the display that may likewise be
shared by the LCD driver circuitry. Alternatively, other types
of filters may likewise be used that make use of a single
frame buffer approximately the same size as an image frame
(e.g., +/-5%,10%, 15%) shared by the LCD driver circuitry.

[0027] Referring to FIG. 5, the input data may include
I(x,y) where I is the intensity of a particular pixel, i is the
frame, and x,y is the spatial location of the particular pixel
within the display. A filter coefficient may be selected,
namely, k. When the target level I, in comparison to the old
level O, ,(x,y) from the frame buffer has too fast of a
transition the k is set to less than 1 (k<1) indicating a low
pass filter. When the target level I, in comparison to the old
level O;_;(x,y) from the frame buffer has too slow of a
transition the k is set to greater than 1 (k>1) indicating a high
pass filter. Alternatively, k is set to 1 (k=1) indicating that no
additional filtering of the signals is necessary.

[0028] The temporal filtering may include setting a new
output value O(x,y) equal to the factor k multiplied by the
current frame I,(x,y) as modified by the factor (1-k) multi-
plied by the previous output O;_,(X,y). The output data is the
output of the temporal filtering, namely, O;(x,y). The output
data Oy(x,y) may be stored in the frame buffer for the
subsequent frame. It may be observed, that while the output
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data is dependent, at least in part, upon one or more previous
frames, there is preferably no dependance on the spatial
location within the display. Preferably, the temporal TIR
filter is performed in a linear luminance domain because the
flickering is related to an additive process of luminance over
time. Gamma correction may be implemented using a 1-di-
mensional lookup table to perform inverse gamma correc-
tion before filtering and another 1-dimensional lookup table
to perform gamma correction after filtering.

[0029] In one particular implementation if [(x,y)<64, and
0,_,(x,y)>L(x,y) then k is set to 0.5; else if I(x,y)>0;_,(x,y),
and O;_,(x,y)>200 then k is set to 1.7; else k=1. Referring to
FIG. 6, by way of illustration the three longest transitions
from white to gray with and without a temporal high pass
filter is illustrated. The use of an over-drive technique
illustrates an improved transition time.

[0030] It is to be noted that the techniques discussed
herein may likewise be applied to other display technologies
that have different temporal responses dependent upon the
changes in intensity.

[0031] All the references cited herein are incorporated by
reference.

[0032] The terms and expressions that have been
employed in the foregoing specification are used as terms of
description and not of limitation, and there is no intention,
in the use of such terms and expressions, of excluding
equivalents of the features shown and described or portions
thereof, it being recognized that the scope of the invention
is defined and limited only by the claims that follow.

What is claimed is:
1. A method of modifying an image to be displayed on a
display;

(2) receiving said image; and

(b) modifying said image by increasing the temporal
response of at least one pixel of said image while
simultaneously slowing the temporal response of at
least one pixel of said image.

2. The method of claim 1 wherein increasing the temporal

response is as a result of overdriving.

3. The method of claim 1 wherein the ratio of the temporal
duration of the fastest response to the slowest response
capable of being displayed by said display as a result of said
modifying has a factor of less than 5 times.

4. The method of claim 1 wherein the ratio of the temporal
duration of the fastest response to the slowest response
capable of being displayed by said display as a result of said
modifying has a factor of less than 3 times.

5. The method of claim 1 wherein the ratio of the temporal
duration of the fastest response to the slowest response
capable of being displayed by said display as a result of said
modifying has a factor of less than 2 times.

6. The method of claim 1 wherein the ratio of the temporal
duration of the fastest response to the slowest response
capable of being displayed by said display as a result of said
modifying has a factor of less than 1 time.

7. The method of claim 1 wherein the ratio of the temporal
duration of the fastest response to the slowest response of a
majority of the transitions capable of being displayed by said
display as a result of said modifying has a factor of less than
3 times.

8. The method of claim 1 wherein the ratio of the temporal
duration of the fastest response to the slowest response of a
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greater than 75% of the transitions capable of being dis-
played by said display as a result of said modifying has a
factor of less than 3 times.

9. The method of claim 1 wherein the ratio of the temporal
duration of the fastest response to the slowest response of a
greater than 85% of the transitions capable of being dis-
played by said display as a result of said modifying has a
factor of less than 3 times.

8. The method of claim 1 wherein the ratio of the temporal
duration of the fastest response to the slowest response of a
greater than 95% of the transitions capable of being dis-
plaved by said display as a result of said modifying has a
factor of less than 3 times.

9. The method of claim 1 wherein the ratio of the temporal
duration of the fastest response to the slowest response of a
greater than 97% of the transitions capable of being dis-
played by said display as a result of said modifying has a
factor of less than 3 times.

10. The method of claim 1 wherein the ratio of the
temporal duration of the fastest response to the slowest
response of a greater than 100% of the transitions capable of
being displayed by said display as a result of said modifying
has a factor of less than 3 times.

11. The method of claim 1 wherein the ratio of the
temporal duration of the fastest response to the slowest
response of a majority of the transitions capable of being
displayed by said display as a result of said modifying has
a factor of less than 1 time.

12. The method of claim 1 wherein the ratio of the
temporal duration of the fastest response to the slowest
response of a greater than 75% of the transitions capable of
being displayed by said display as a result of said modifying
has a factor of less than 1 time.

13. The method of claim 1 wherein the ratio of the
temporal duration of the fastest response to the slowest
response of a greater than 85% of the transitions capable of
being displayed by said display as a result of said modifying
has a factor of less than 1 time.

14. The method of claim 1 wherein the ratio of the
temporal duration of the fastest response to the slowest
response of a greater than 95% of the transitions capable of
being displayed by said display as a result of said modifying
has a factor of less than 1 time.

15. The method of claim 1 wherein the ratio of the
temporal duration of the fastest response to the slowest
response of a greater than 97% of the transitions capable of
being displayed by said display as a result of said modifying
has a factor of less than 1 time.

16. The method of claim 1 wherein the ratio of the
temporal duration of the fastest response to the slowest
response of a greater than 100% of the transitions capable of
being displayed by said display as a result of said modifying
has a factor of less than 1 time.

17. The method of claim 1 wherein said modification is
based upon the image and a previous image.

18. The method of claim 1 wherein said modification is
based upon using a high pass filter and a low pass filter.

19. The method of claim 1 wherein said modification is
based upon previous frame data stored in a frame buffer and
the driving circuitry for said display uses said frame buffer.
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20. The method of claim 19 wherein said frame buffer has
sufficient storage for 75% or more of a frame.

21. The method of claim 19 wherein said frame buffer has
sufficient storage for 95% or more of a frame.

22. The method of claim 19 wherein said frame buffer has
sufficient storage for 100% or more of a frame.

23. The method of claim 19 wherein said frame buffer has
sufficient storage for 110% or less of a frame.

24. The method of claim 19 wherein said frame buffer has
sufficient storage for 125% or less of a frame.

25. The method of claim 19 wherein said frame buffer has
sufficient storage for less than 200% a frame.

26. The method of claim 1 wherein said modification is
free from spatial dependence within said display.

27. A liquid crystal display for displaying an image
wherein an input image to said display is modified in such
a manner that the ratio of the temporal duration of the fastest
response to the slowest response of a majority of the
transitions capable of being displayed by said display as a
result of said modification has a factor of less than 5 times
and wherein said input image to said display is modified by
increasing the temporal response of at least one pixel of said
image while simultancously slowing the temporal response
of at least one pixel of said image.

28. The display of claim 27 wherein said factor is less than
3 times.

29. The display of claim 27 wherein said factor is less than
2 times.

30. The display of claim 27 wherein said factor is less than
1 time.

31. The display of claim 27 wherein said ratio of the
temporal duration of the fastest response to the slowest
response 1s greater than 75% of the transitions capable of
being displayed.

32. The display of claim 27 wherein said ratio of the
temporal duration of the fastest response to the slowest
response 1s greater than 85% of the transitions capable of
being displayed.

33. The display of claim 27 wherein said ratio of the
temporal duration of the fastest response to the slowest
response 1s greater than 95% of the transitions capable of
being displayed.

34. The display of claim 27 wherein said ratio of the
temporal duration of the fastest response to the slowest
response 1s greater than 97% of the transitions capable of
being displayed.

35. The display of claim 27 wherein said ratio of the
temporal duration of the fastest response to the slowest
response 1is greater than 100% of the transitions capable of
being displayed.

36. A method of modifying an image to be displayed on
a display;

(2) receiving said image; and

(b) modifying said image using an IIR filter by increasing
the temporal response of at least one pixel of said image
while simultaneously slowing the temporal response of
at least one pixel of said image.
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