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(57)  Reducing fast motion artifacts in an LCD panel
by receiving a video stream at a first frame rate which
is then downsampled to a second frame rate. The down-
sampled video stream is then upsampled to a third

Blur reduction in liquid crystal displays by frame rate control

frame rate and a voltage is applied to a pixel element
such that the pixel element transitions from a first pixel
value to a predetermined second pixel value within a pe-
riod of time consistent with the third frame rate.
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Description

[0001] The invention relates to display devices. More
specifically, the invention describes a method and ap-
paratus for enhancing the appearance of motion on an
LCD panel display.

[0002] Liquid crystal displays (LCD) panels tend to
produce blurred edges and "ghosting" artifacts around
moving objects on the screen. One reason for this blur-
ring is the slow response time of the liquid crystals in
response to a change in pixel value. When onscreen ob-
jects move, the values of any given pixel in the area of
motion will change from frame to frame. However, when
an LCD with slow response is used, one frame time may
not be sufficient for many pixels to change from the old
value fully to the new desired value. This reduces the
contrast of moving edges and hence causes blurring.
Furthermore, single pixel wide or high lines never reach
their intended brightness at all.

[0003] Therefore, what is desired are techniques that
reduce the observed motion artifacts such as blurring in
slow LCD panels.

[0004] What is provided is a method, apparatus, and
system suitable forimplementation in Liquid Crystal Dis-
play (LCDs) that reduces a pixel element response time
that enables the display of high quality fast motion im-
ages thereupon.

[0005] In a liquid crystal display device having a
number of pixels, a method for A method of reducing
fast motion artifacts in an LCD panel is described. The
method includes the operations of receiving a video
stream at a first frame rate, downsampling the video
stream to a second frame rate, upsampling the down-
sampled video stream to a third frame rate, and applying
a voltage to a pixel element such that the pixel element
transitions from a first pixel value to a predetermined
second pixel value within a period of time consistent with
the third frame rate.

[0006] In another embodiment, computer program
product for reducing fast motion artifacts in an LCD pan-
el is disclosed. The computer program product includes
computer code for performing the operations of receiv-
ing a video stream at a first frame rate, downsampling
the video stream to a second frame rate, upsampling
the downsampled video stream to a third frame rate, and
applying a voltage to a pixel element such that the pixel
element transitions from a first pixel value to a predeter-
mined second pixel value within a period of time con-
sistent with the third frame rate. Computer readable me-
dium is used for storing the computer code.

[0007] In another embodiment, a system for reducing
fast motion artifacts in an LCD panel is described. The
systemincludes an interface arranged to receive a video
stream at a first frame rate, a downsampling unit cou-
pled to the interface arranged to downsample the video
stream to a second frame rate, an upsampling unit cou-
pled to the downsampled unit arranged to upsample the
downsampled video stream to a third frame rate, and a
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display controller unit coupled to the LCD panel and the
upsampling unit arranged to apply a voltage to a pixel
element such that the pixel element transitions from a
first pixel value to a predetermined second pixel value
within a period of time consistent with the third frame
rate.

[0008] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings, in which:

FIG. 1 is a block diagram showing an example of
an active matrix liquid crystal display device 100
suitable for use with any embodiment of the inven-
tion;

FIG. 2 shows a representative pixel data word 200
in accordance with the invention;

FIGS. 3A and 3B shows a pixel response curve for
a slow pixel;

FIG. 4A shows an input video stream;

FIG. 4B shows an upsampled video stream in ac-
cordance with an embodiment of the invention;
FIG. 5 shows an unoverdriven slow pixel P;

FIG. 6 illustrates a system employed to implement
the invention;

FIG. 7 illustrates another embodiment of the system
shown in FIG. 6;

FIG. 8 shows another embodiment of the invention
that incorporates a fast motion detector;

FIG. 9 shows a flowchart detailing a process 900
for mitigating the effects of fast motion in an LCD
panel in accordance with an embodiment of the in-
vention; and

FIG. 10 illustrates a computing system employed to
implement the invention.

[0009] Reference will now be made in detail to a par-
ticular embodiment of the invention an example of which
is illustrated in the accompanying drawings. While the
invention will be described in conjunction with the par-
ticular embodiment, it will be understood that it is not
intended to limit the invention to the described embodi-
ment. To the contrary, itis intended to cover alternatives,
modifications, and equivalents as may be included with-
in the scope of the invention as defined by the appended
claims.

[0010] Each pixel of an LCD panel can be directed to
assume a luminance value discretized to the standard
set [0, 1, 2, ..., 255] where a triplet of such pixels pro-
vides the R, G, and B components that make up an ar-
bitrary color which is updated each frame time, typically
1/60th of a second. The problem with LCD pixels is that
they respond sluggishly to an input command in that the
pixels arrive at their target values only after several
frames have elapsed, and the resulting display artifacts
— "ghost" or blurred images of rapidly moving objects
— are disconcerting. Ghosting occurs when the re-
sponse speed of the LCD is not fast enough to keep up
motion induced changes that must occur in coincidence
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with the frame rate. In the case of ghosting or blurring,
the transition from one pixel value to another cannot be
attained within the desired time frame since LCDs rely
on the ability of the liquid crystal to orient itself under the
influence of an electric field. Since the liquid crystal must
physically move in order to change intensity, the viscous
nature of the liquid crystal material itself contributes to
the appearance of ghosting artifacts.

[0011] What follows is a brief description of an active
matrix LCD panel suitable for use with any embodiment
of the invention. Accordingly, FIG. 1 is a block diagram
showing an example of an active matrix liquid crystal
display device 100 suitable for use with any embodiment
of the invention. As shown in FIG. 1, the liquid crystal
display device 100 is formed of a liquid crystal display
panel 102, a data driver 104 that includes a number of
data latches 106 suitable for storing image data, a gate
driver 108 that includes gate driver logic circuits 110, a
timing controller unit (also referred to as a TCON) 112,
and a reference voltage power supply 113 that gener-
ates a reference voltage V, that is applied to the liquid
crystal display panel 102 as well as a number of prede-
termined voltages necessary for operations of the data
driver 104 and the gate driver 108.

[0012] The LCD panel 102 includes a number of pic-
ture elements 114 that are arranged in a matrix connect-
ed to the data driver 104 by way of a plurality of data
bus lines 116 and a plurality of gate bus lines 118. In the
described embodiment, these picture elements take the
form of a plurality of thin film transistors (TFTs) 120 that
are connected between the data bus lines 116 and the
gate bus lines 118. During operation, the data driver 104
outputs data signals (display data) to the data bus lines
116 while the gate driver 108 outputs a predetermined
scanning signal to the gate bus lines 118 in sequence
at timings which are in sync with a horizontal synchro-
nizing signal. In this way, the TFTs 120 are turned ON
when the predetermined scanning signal is supplied to
the gate bus lines 118 to transmit the data signals, which
are supplied to the data bus lines 116 and ultimately to
selected ones of the picture elements 114.

[0013] Typically, the TCON 112 is connected to a vid-
eo source 122 (such as a personal computer, TV or oth-
er such device) suitably arranged to output a video sig-
nal and, in most cases, an associated audio signal. (It
should be noted that in the context of this discussion,
the term video encompasses any grouping of associat-
ed images displayed on a display unit provided by a vid-
eo source that can include, and not be limited to, com-
puters, TVs, and the like.) The video signal can have
any number and type of well-known formats, such as
composite, serial digital, parallel digital, RGB, or con-
sumer digital video. When the video signal takes the
form of an analog video signal, then the video source
122 includes some form of an analog video source such
as for example, an analog television, still camera, ana-
log VCR, DVD player, camcorder, laser disk player, TV
tuner, set top box (with satellite DSS or cable signal) and
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the like. In those cases where the video signal is a digital
video signal, then the video source 122 includes a digital
image source such as for example a digital television
(DTV), digital still camera or video camera, and the like.
The digital video signal can be any number and type of
well known digital formats such as, SMPTE 274M-1995
(1920 x 1080 resolution, progressive or interlaced
scan), SMPTE 296M-1997 (1280 x 720 resolution, pro-
gressive scan), as well as standard 480 progressive
scan video.

[0014] Typically, the video signal provided by the vid-
€0 source 122 is taken to be a digital video signal con-
sistent with what is referred to as RGB color space. As
well known in the art, the video signals RGB are three
digital signals (referred to as "RGB signal" hereinafter)
formed of an "R" signal indicating a red luminance, a"G"
signal indicating a green luminance, and a "B" signal in-
dicating a blue luminance. The number of data bits as-
sociated with each constituent signal (referred to as the
bit number) of the RGB signal is often set to 8 bit, for a
total of 24 bits but, of course, can be any number of bits
deemed appropriate.

[0015] For the remainder of this discussion, it will be
assumed that the video signal provided by the video
source 122 is digital in nature formed of a number of
pixel data words each of which provides data for a par-
ticular pixel element. For this discussion, it will be as-
sumed that each pixel data word includes 8 bits of data
corresponding to a particular one of the color channels
(i.e., Red, Blue, or Green).

[0016] Accordingly, FIG. 2 shows a representative
pixel data word 200 in accordance with the invention.
The pixel data word 200 is shown suitable for an RGB
based 24 bit (i.e., each color space component R, G, or
B, is 8 bits) system. It should be noted, however, that
although an RGB based system is used in the subse-
quent discussion, the invention is well suited for any ap-
propriate color space. Accordingly, the pixel data word
200 is formed of 3 sub-pixels, a Red (R)sub-pixel 202,
a Green (G) sub-pixel 204, and a Blue (B) sub-pixel 206
each sub-pixel being 8 bits long for a total of 24 bits. In
this way, each sub-pixel is capable of generating 28 (i.
e., 256) voltage levels referred to hereinafter as pixel
values. For example, the B sub-pixel 206 can be used
to represent 256 levels of the color blue by varying the
transparency of the liquid crystal which modulates the
amount of light passing through an associated blue
mask whereas the G sub-pixel 204 can be used to rep-
resent 256 levels of the color green in substantially the
same manner. It is for this reason that display monitors
are structured in such a way that each display pixel is
formed of the 3 sub-pixels 202 - 206 which taken togeth-
er form approximately 16 million displayable colors. Us-
ing an active matrix display, for example, a video frame
210 having N frame lines each of which is formed of /
pixels, a particular pixel data word can be identified by
denoting a frame line number n (from 1 to N) and a pixel
number j (from 1 to /).
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[0017] Referring back to FIG. 1, during the transmis-
sion of a video image in the form of a video frame, the
video source 122 provides a data stream 124 formed of
a number of pixel data words 200. The pixel data words
200 are then received and processed by the TCON 112
in such a way that all the video data (in the form of pixel
data) used for the display of a particular frame line n of
the video frame 210 must be provided to the data latches
106 within a line period 1. Therefore, once each data
latch 106 has a corresponding pixel data stored therein
which are selected in such a way to drive appropriate
ones of the TFTs 120 in the LCD array 102.

[0018] In order to improve the performance of slow
LCD panels, the performance of the LCD panel is first
characterized by, for example, taking a series of meas-
urements that show what each pixel will do by the end
of one frame time. Such measurements are taken for a
representative pixel (or pixels) each being initially at a
starting pixel value s that is then commanded toward a
target value t (where s and f each take on integer values
from 0 to 255). If the pixel value actually attained in one
frame time is p , then

(1) p=1(1)

where f is the one-frame pixel-response function cor-
responding to a fixed start-pixel s. For example, the one-
frame pixel response function f,(t) for a pixel having a
start pixel value s = 32 and a target pixel value t = 192
that can only reach a pixel value p = 100 is represented
as f35(192) = 100.

[0019] For slow panels (where most if not all targets
can not be reached within a frame time) functions m(s)
and M(s) give the minimum pixel value and maximum
pixel value, respectively, reachable in one frame time as
functions of s where m(s) and M(s) define maximum-
effort curves. Therefore, in order to reach a pixel value
p that lies outside of the interval [m(s),M(s)], equation
(1) is solved for the argument that produces pixel value
p that will achieve the goal (i.e., pixel value p) in one
frame time. As well known in the art, when the value p
is referred to as an overdrive pixel value indicating the
voltage that would be necessary to drive the pixel from
the start value s to the target value tin one frame period.
[0020] For example, FIG. 3A shows a pixel response
curve for a slow pixel having a start pixel value S, at the
beginning of a frame F; and a target pixel value T,
(which may or may not be the start target pixel value of
anextframe F,) at the end the frame F,. However, when
the pixel is not overdriven (i.e., a voltage V, is applied
consistent with the target pixel value T,), the pixel value
achieved p, falls short of the target pixel value T, by a
value 3. However, when the pixel is overdriven (as in
FIG.3B) by applying a voltage V, > V4, the target pixel
value T, is reached within the frame period F, thereby
eliminating any ghosting artifacts in subsequent frames.
[0021] Even though pixel value overdrive technique
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are effective in reducing or eliminating motion induced
artifacts such as blurring, they require a real-time calcu-
lation of the overdrive pixel value p for every pixel for
every frame resulting in a substantial commitment to
memory and processor resources. In contrast to the
overdrive approach, the invention preserves the mem-
ory and processor resources while still providing sub-
stantial relief from fast motion artifacts without resorting
to calculating pixel overdrive values for every video
frame having such artifacts. In addition to reducing
memory requirements, bandwidth is more efficiently uti-
lized thereby increasing system throughput.

[0022] As discussed in more detail below, the inven-
tion mitigates the effects of slow pixel response by re-
ducing motion artifacts (such as blurring) in LCD panels
by modifying an incoming video frame rate such that the
video motion delivered to the LCD panel is updated at
a slower rate than that in the input video stream. In this
way, the amount of time permitted for a pixel to transition
from a starting pixel value to a target pixel value is in-
creased to the point where the target pixel value is suc-
cessfully achieved in the allotted period of time. In one
embodiment, the input video stream is reduced by dis-
carding frames either by subsampling at the video input
or by dropping frames at the input. Subsequently, the
reduced rate video stream is then upsampled to the de-
sired output frame rate to the LCD panel by, for example,
frame repetition or by any appropriate method of tem-
poral frame interpolation. In this way, the amount of time
allotted for a particular pixel to transition from a starting
pixel value s to an associated target pixel value t is ef-
fectively doubled resulting in most, if not all, pixels suc-
cessfully achieving their respective target pixel values.
In this way, any motion artifacts related to slow pixel re-
sponse time are effectively eliminated.

[0023] Forexample as shown in FIG. 4A, an input vid-
eo stream 400 formed of a number of video frames F -
F,, has anincoming video frame rate VFR;, of 60 frames
per second (FPS). In this case, in order to avoid fast
motion artifacts, a pixel P included in the LCD display
panel 102 would have to be able to transition from a start
pixel value S, to a target pixel value T, within a frame
time of 1/60 seconds. However, by reducing the incom-
ing video frame rate VFR;, (by, for example, temporally
subsampling or simply dropping frames from 60 FPS)
down to 30 FPS of a subsampled video stream 402
which is then upsampled (as, for example, upsampled
video stream 404), the period of time for the pixel P to
transition from the starting pixel value S; to the target
pixel value T, is effectively doubled since in order to pro-
vide a display image of 60 FPS, two video frames would
then be presented to the LCD panel for each of the
frames F4, F5, F5, creating a 60 FPS output video stream
404 in which motion occurs only every two frames. In
this way, the pixel P would have two frame periods (i.e.,
2/60 seconds) to transition from the start pixel value S,
to the target pixel value T,.

[0024] In one embodiment, the upsampling can be
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based upon repeating frames (stored in a frame buffer,
for example) as illustrated in FIG. 4B whereby a first vid-
eoframe F4, (as a copy of the video frame F /) is inserted
between the frames F, and F5. In another embodiment,
the interstitial frames (i.e., those used to upsample the
video stream) are created by any manner of temporal
interpolation based upon, for example, motion vectors
derived from video frames F4 and F5, between F5 and
Fs, and so on.

[0025] The effect of this modification of the video
frame rate is illustrated in FIG. 5 showing the unover-
driven slow pixel P (as previously shown in FIG. 3A)
achieving the target pixel value T, during the frame F4,
since by effectively doubling the frame period, the pixel
P is now able to reach the target pixel value T;. In this
way, achieving the target pixel value T1 substantially
eliminates the fast motion artifacts related to slow pixel
response in subsequent video frames.

[0026] FIG. 6 shows an exemplary system 600 for im-
plementing a particular embodiment of the invention.
The system 600 includes a video source 602 arranged
to generate a video stream 604 (along the lines of the
video stream 122 or 400 described above) having an
input video stream frame rate VFR;,. The video stream
604 is then passed to a motion artifact reducer unit 606
arranged to reduce the input video stream frame rate
VFR;, in order to provide ample time for any slow pixels
to respond to fast motion changes and thereby reducing
observable motion artifacts displayed on a video display
unit 608 coupled thereto. In the described embodiment,
the motion artifact reducer unit 606 includes a video
stream subsampler 610 arranged to reduce the input
video stream frame rate by any number of approaches.
One such approach is based upon dropping specific vid-
eo frames and copying the undropped video frames into
a frame buffer 612. In this way, the stored video frames
are then used by an upsampler unit 614, for example,
coupled to the subsampler 610 to increase the frame
rate back to one suitable for display on the display unit
608. In another embodiment shown in FIG. 7, the up-
sampler unit 614 takes the form of an interpolator unit
702 used to increase the outgoing video frame rate suit-
able for display on the display unit 608 by interpolation
based upon, for example, motion vectors between var-
ious video frames.

[0027] Fig. 8 shows another embodiment of the inven-
tion that incorporates a fast motion detection approach
foridentifying those frames that require fast motion com-
pensation. In particular, a system 800 includes a fast
motion detector unit 802 that limits the remedy for fast
motion artifacts provided by the invention to mostly only
those frames which have been identified as exhibiting
the most likelihood of suffering from fast motion artifacts.
In this way, any effects of reduced video frame rate and
subsequent upsampling are limited in scope to only
those frames so affected.

[0028] Thisis especially well suited to those situations
where many frames have large areas of static fields
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(such as backgrounds, sky, etc.).

[0029] Fig9shows aflowchart detailing a process 900
for mitigating the effects of fast motion in an LCD panel
in accordance with an embodiment of the invention. At
902, an input video stream is generated having a first
video stream frame rate. In a particular embodiment, a
determination is made at 904 whether or not the input
video stream, or portions thereof, have a high likelihood
of producing fast motion display artifacts. In one imple-
mentation, the determination is based upon a compari-
son between adjacent or near adjacent video frames
and based upon the comparison, the video stream (or
portion thereof) subject to the determination is passed
directly to the display at 906 for display at 908 or, in the
alternative, passed to a motion artifact reducer unit at
910. In the case where the video stream, or portions
thereof, is passed to the motion artifact reducer unit, the
first video frame rate of the incoming video stream is
converted to a second video frame rate at 912.

[0030] In some cases, the first video stream frame
rate is reduced by dropping certain portions (such as
individual video frames) of the video stream. The sub-
sampled video stream at the second video frame rate is
then upsampled at 914 to a third, outgoing video frame
rate consistent with a video frame rate appropriate to
the display. At 916, a pixel transitions from a start pixel
value to a target pixel value in accordance with the third
video frame rate which is then displayed on the display
unit at 908.

[0031] In this way, the amount of time allowed for a
slow pixel(s) to transition from a start pixel value s to a
target pixel t is substantially increased. In so doing, the
number of pixels unable to achieve the appropriate tran-
sition is effectively eliminated which in due course elim-
inated observable motion artifacts.

[0032] In general, the invention offers the advantage
of allowing the liquid crystal more time to react to any
change in pixel value. With more time before being up-
dated to a new value, each pixel will come closer to the
desired pixel value before the next increment of motion
occurs. This increases the relative contrast between
motion increments, and so reduces the LCD motion
blue. Single pixel wide or high lines will reach a value
much closer to their intended brightness.

[0033] FIG. 10 illustrates a computing system 1000
employed to implement the invention. Computing sys-
tem 1000 is only an example of a graphics system in
which the present invention can be implemented. Sys-
tem 1000 includes central processing unit (CPU) 1010,
random access memory (RAM) 1020, read only memory
(ROM) 1025, one or more peripherals 1030, graphics
controller 1060, primary storage devices 1040 and
1050, and digital display unit 1070. CPUs 1010 are also
coupled to one or more input/output devices 1090 that
may include, but are not limited to, devices such as,
track balls, mice, keyboards, microphones, touch-sen-
sitive displays, transducer card readers, magnetic or pa-
per tape readers, tablets, styluses, voice or handwriting
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recognizers, or other well-known input devices such as,
of course, other computers. Graphics controller 1060
generates image data and a corresponding reference
signal, and provides both to digital display unit 1070.
The image data can be generated, for example, based
on pixel data received from CPU 1010 or from an exter-
nal encode (not shown). In one embodiment, the image
data is provided in RGB format and the reference signal
includes the Vgyyc and Hgypc signals well known in the
art. However, it should be understood that the present
invention can be implemented with image, data and/or
reference signals in other formats. For example, image
data can include video signal data also with a corre-
sponding time reference signal.

[0034] Although only a few embodiments of the
present invention have been described, it should be un-
derstood that the present invention may be embodied
in many other specific forms without departing from the
scope of the present invention. The present examples
are to be considered as illustrative and not restrictive,
and the invention is not to be limited to the details given
herein, but may be modified within the scope of the ap-
pended claims along with their full scope of equivalents.
[0035] While this invention has been described in
terms of a preferred embodiment, there are alterations,
permutations, and equivalents that fall within the scope
of this invention. It should also be noted that there are
many alternative ways of implementing both the process
and apparatus of the present invention. It is therefore
intended that the invention be interpreted as including
all such alterations, permutations, and equivalents as
fall within the true scope of the present invention.

Claims

1. A method of reducing fast motion artifacts inan LCD
panel, comprising:

receiving a video stream at a first frame rate;
downsampling the video stream to a second
frame rate;

upsampling the downsampled video stream to
a third frame rate; and

applying a voltage to a pixel element such that
the pixel element transitions from a first pixel
value to a predetermined second pixel value
within a period of time consistent with the third
frame rate.

2. A method as recited in claim 1, further comprising:

determining whether or not the video stream is
susceptible to fast motion display artifacts; and
sending the video stream directly to the LCD
panel when it is determined that the video
stream is not susceptible to fast motion arti-
facts.
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10.

A method as recited in claim 2, wherein the video
stream is formed of a number of video frames.

A method as recited in claim 3, wherein the down-
sampling comprises:

dropping selected ones of the video frames.
A method as recited in claim 4, further comprising:

storing a copy of the remaining video frames in
a memory device.

A method as recited in claim 5, wherein the upsam-
pling comprises;

retrieving the stored video frames from the
memory device; and

inserting the retrieved video frames back into
the video stream where appropriate.

A method as recited in claim 4, wherein the upsam-
pling comprises:

creating an interpolated video frame based up-
on selected ones of the remaining video
frames; and

inserting the interpolated video frame back into
the video stream where appropriate.

A computer program comprising code means that,
when executed on a computer system, instructs the
computer system to perform the method according
to any one of claims 1 to 7.

A computer program product comprising a compu-
ter readable medium bearing a computer program
according to claim 8.

A system for reducing fast motion artifacts in an
LCD panel, comprising:

an interface arranged to receive a video stream
at a first frame rate;

a downsampling unit coupled to the interface
arranged to downsample the video stream to a
second frame rate;

an upsampling unit coupled to the downsam-
pled unit arranged to upsample the downsam-
pled video stream to a third frame rate; and

a display controller unit coupled to the LCD
panel and the upsampling unit arranged to ap-
ply a voltage to a pixel element such that the
pixel element transitions from a first pixel value
to a predetermined second pixel value within a
period of time consistent with the third frame
rate.
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A system as recited in claim 10, further comprising:

a video bypass switch arranged to send the vid-
eo stream directly to the LCD panel when it is
determined that the video stream is not suscep-
tible to fast motion artifacts.

A system as recited in claim 10, wherein the video
stream is formed of a number of video frames.

A system as recited in claim 12, wherein the down-
sampling unit comprises:

a video frame dropper unit arranged to drop se-
lected ones of the video frames.

A system as recited in claim 13, further comprising:

a memory device.for storing a copy of the re-
maining video frames.

A system as recited in claim 14, wherein the upsam-
pling unit comprises;

a memory controller for retrieving the stored
video frames from the memory device and in-
serting the retrieved video frames back into the
video stream where appropriate.

A system as recited in claim 14, wherein the upsam-
pling unit comprises:

an interpolator unit for creating an interpolated
video frame based upon selected ones of the
remaining video frames and inserting the inter-
polated video frame back into the video stream
where appropriate.
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