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In a method of driving a display (D), field information from a field of an image signal is distributed (DD) over a plurality of sub-fields,
and a start time for each sub-field is generated (AU, SOC) in dependence upon motion.
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Display driving.

The invention relates to driving a display such as a plasma display panel.

An (AC) plasma display panel (PDP) and a digital (micro-)mirror device
(DMD) are bi-level displays with a memory function, i.e. pixels (picture elements) can only
be turned on or off. In conventional PDPs three phases can be distinguished; an erase
sequence, an addressing sequence and a sustain sequence. In the first sequence the memories
of all pixels are cleared. To switch a pixel on, the second addressing phase is necessary. In
such a phase the pixels are addressed on a line at a time basis. The pixels that should turn on
are conditioned in such a way, that they turn on when a voltage is put across its electrodes.
The conditioning is done for all pixels in a display that should be switched on. After the
addressing phase, a third phase, the sustain phase, is required in which the luminance is
generated. All pixels that were addressed, turn on as long as the sustain phase lasts. The
sustain period is common for all pixels of a display, thus, during this sustain period, all
pixels on the screen that were addressed are switched on simultaneously.

The field period is divided into several sub-fields each consisting of a sequence
of erase, address and sustain. The grey-scale contribution of each sub-field is determined by
varying the duration of the sustain phase, i.e. how long the pixels are switched on. The
duration of the sustain phase is further denoted as the weight of a sub-field. The higher the
weight of a sub-field the higher the luminance of a pixel that is switched on during the
sustain phase. The grey-scale itself is now generated in such a way that the luminance value
is divided into several sub-fields in which the sub-fields have various weights, i.e. the
duration of the sustain phase is proportional to a weight factor, thus also the luminance
output is proportional to the same weight factor. The sub-fields can be started in two
fashions; they can be equally divided over a field period, or they can start when the previous
one is finished. The latter situation is shown in Fig. 1. In Fig. 1, a field period including six
sub-fields SF1-SF6 is shown for a conventional PDP. Each sub-field SFi includes an erase
period EP, an addressing period AP, and a sustain period SP. The length of the sustain

period SP of a sub-field determines its impact on the output luminance. By combining the
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sub-fields (i.e. switching the sub-fields on or off) a grey-scale can be made.

Figs. 2A-2D show the artifacts resulting from motion at a speed of 2 pixels per
field period. Fig. 2D shows a Time vs. Position diagram in which the six sub-fields together
forming a first field T, are shown on the vertical axis, and position P is shown on the
horizontal axis. Increasing luminance values L are set out horizontally; these luminance
values are built up in a digital manner by means of the various sub-fields having binary
weights. Fig. 2C shows where the various sub-field informations are perceived as a result of
the motion at 2 pixels per field period. Fig. 2B shows the luminance contributions of the
individual sub-fields, in which the sub-field T35 with the weight 2°=32 is shown as the
largest pillar, and the sub-field TOSf with the weight 20=1 is shown as the smallest pillar.
Fig. 2A shows the resulting luminance on the retina, as well as a line R indicating the
intended ramp. The difference between the intended ramp and the actually perceived
luminance on the retina is a problem to be solved. It can be seen from Fig. 2A that the
observed luminance can differ a lot from the actual still image data. This method calculates
the precise position of the sub-fields and weights of the pixels under the assumption that the
eye is tracking the motion according to the motion vectors. Fig. 2D shows a part of the black
and white luminance ramp. In this time-position diagram, the motion vectors are drawn with
a speed of 2 pixels per field period. The projections of the separate sub-fields are drawn on a
diagram in which the luminance is drawn as function of the position on the retina when the
eye is perfectly tracking the motion with a speed of 2 pixels per field period. All luminances
generated by the sub-fields that are received at the same positions on the retina are integrated
resulting in a diagram in which the total luminance received by the retina has been drawn as
a function of the position on the retina (this is shown in Fig. 2A). What can be seen is that
the pattern on the retina still does not resemble the still image luminance ramp. There is still
a bright vertical bar visible. This is the cause of contouring, there is only a slight change in
luminance between two pixels which result in a perceptive bright or dark impression. What
also can be seen is that there are gaps visible between the MSB sub-fields. These gaps are
only visible from a close distance and are caused by the black matrix in between the pixels.
From a greater distance these gaps are not visible any more which can also be said when the
bright vertical line gets too small. What can be seen from this figure is, that it looks like the
luminance contributions of the sub-fields are not projected on the same positions as the most
significant sub-field weight. It is as if some sub-fields take positions in between the pixels

which is in practice not possible due to the discrete character of the display. This
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phenomenon is also explained in [Mikoshiba2]. This is all due to the low-pass behavior of
the eyes, which give the suggestion that all sub-fields are generated at the same time which 1s

not true.

As known from the prior art, motion-compensation can help reducing the
motion artifacts. In the Time vs. Position diagram of Fig. 3, compensation of a grey level of
20 is shown for two successive fields TO and T1. OL indicates the observed luminance, OP
indicates the original positions. Without motion and thus without motion-tracking by the eye,
the values 4 and 16 are on top of each other and thus added: the correct luminance value of
20 is observed. When a vertical line with this grey level moves over the screen with a speed
of 6 pixels per field period, a motion artefact is seen of two vertical lines with a luminance
level of 16 and 4. So, with motion and thus with motion-tracking by the eye but without
motion-compensation, two separate lines are observed: a 16-line and a 4-line. This problem
could be solved by shifting the sub-field with a weight of 4 to the right to the position where
this sub-field crosses the motion vector (the time at which this sub-field is generated). So,
with motion-compensation, the 4-values are shifted to the 16-line, so that the motion-tracking
eye again perceives the correct value of 20. When the luminance variations are determined
by amplitude modulation as on a CRT, the luminance is generated on one position on the
retina, and when this movement is being tracked, the same luminance is again generated on
the same position on the retina. Since on a plasma display the grey-scale modulation is done
on a sub-field basis, and this object needs to have the same luminance during tracking, it is
required to generate these separate sub-fields on the projected motion vector. When doing
this, it can be seen from Fig. 3 that no longer two vertical lines are observed on the motion
vectors, but only one with a luminance of 20.

It can also be seen that to be able to do this, it is required to assign two vertical
lines to two columns of pixels, i.e. one column is assigned the value 16 and the other gets
the value 4. When inspecting one field of this image two vertical lines are seen, but when the
whole moving sequence is observed (and this sequence is tracked by our eyes) only one
vertical line is seen. Thus, to compensate for the error introduced by the motion and the
tracking of the eyes, a luminance of 20 must be shown as projected on the motion vector.
Thus, by shifting the luminance level of 4 to the right to a position on the motion vector, the
right luminance level of the vertical line is obtained, when this pattern has a speed of 6
pixels per field period to the right.

The same method can be used for a luminance ramp. To compensate for this
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pattern, the luminances that are required are the luminance levels shown on the motion
vectors, i.e. the luminances of the pixels that are shown are the luminances of the
compensation pattern. This is shown in Fig. 4, in which OL indicates the obtained luminance
when tracking, as a result of putting not the desired ramp itself, but the compensation pattern
CP on the display. Thus, the luminances of the pixels that are visible, are the luminances
projected on the motion vectors when the eyes are tracking the motion of 6 pixels per field
period. What can be seen from this figure is that, when inspecting one field of this sequence
at one position, a dark luminance level of 2 is shown, as in this case not the tracked motion,
but the luminance of the compensation pattern CP is observed.

So, motion-compensation could work, but there is a problem in doing this for
an arbitrary speed, as illustrated in Figs. 5A-5D for a luminance change from 31 to 32 which
is moving to the left with a speed of 3 pixels per field period. On the boundary of this
luminance change an artefact is still clearly visible. This can be explained as follows. When
the plasma panel has 6 sub-fields equally divided over one field time, and there is a speed of
6 pixels per field period, this results in a speed of 1 pixel every sub-field. Thus, motion-
compensation works almost perfectly since the sub-field weights can be shifted to subsequent
neighbor pixels. So, the sub-fields are exactly located on the motion vector and the grid of
the matrix display. With an arbitrary speed, this no longer holds, and it is necessary to map
the sub-fields to pixels that are not exactly located on the motion vector, so that other some

artifacts remain.

It is, inter alia, an object of the invention to provide an improved method of
driving a display which results in less visible artifacts. To this end, a first aspect of the
invention provides a method as defined in claim 1. Further aspects of the invention provide a
display driving device as defined in claim 7 and a display apparatus as defined in claim 8.
Advantageous embodiments are defined in the dependent claims.

In a method of driving a display in accordance with a primary aspect of the
present invention, field information from a field of an image signal is distributed over a
plurality of sub-fields, and a start time for each sub-field is generated in dependence upon
motion. '

These and other aspects of the invention will be apparent from and elucidated

with reference to the embodiments described hereinafter.
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In the drawings:

Fig. 1 illustrates an example of a field period for an AC plasma display;

Figs. 2A-2D illustrate motion artifacts for a luminance ramp at a speed of 2
pixels per field period,

Fig. 3 illustrates motion-compensation of one grey-scale on the plasma screen;

Fig. 4 illustrates a motion-compensated luminance ramp;

Figs. 5A-5D illustrate motion-compensation at a speed of 3 pixels per field
period;

Figs. 6A-6D illustrate motion-compensation with an improved sub-field order
and timing at a speed of 2 pixels per field period,;

Figs. 7A-7D illustrate motion-compensation with an improved sub-field order
and timing at a speed of 3 pixels per field period;

Figs. 8A-8D and 9 illustrate motion-compensation with an improved sub-field
order and timing at a speed of 4 pixels per field period;

Fig. 10 shows a block circuit diagram of a display apparatus in accordance with
the present invention; and

Fig. 11 explains the notion positional error.

It was shown above how motion-compensation could reduce the motion artifacts
and that it works well for a speed of 6 pixels per field period. It was also shown that for
other speeds, still some artifacts remain. Hereinafter, it is shown how in accordance with the
present invention the motion artifacts can be reduced even further by dynamically adapting
the timing and sub-field order. Furthermore, when the sub-field timing and order is changed,
the result of motion-compensation can be improved. In Figs. 6A-6D, 7A-7D and 8A-8D this
has been shown for another sub-field order and timing for a speed of 2, 3 and 4 pixels per
field period. Fig. 7A shows a clear improvement over Fig. SA.

Two problems are encountered when trying to do this. First, the sub-field order
and timing is fixed for a given display panel. Secondly, within a natural scene more objects
are visible with various speeds. The first problem can be overcome to let the motion-
compensation circuit be able to adapt the sub-field order and timing. The motion-
compensation circuit could calculate (or a LUT with pfeprogrammed values could be used)
the most optimum sub-field order and timing for a given speed. The sub-field timing is
hereby determined by the compensation circuit and is not fixed any more. A preferred sub-

field order and timing belonging to a speed of 4 pixels per field period from Figs. 8A-8D is
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given in Fig. 9, in which at the right-hand side the sub-field order and timing is given. It can
be seen that the field time is not completely utilized, which is clearly a disadvantage. But at
this moment [Yamaguchi2] the motion artifacts are reduced by introducing more sub-fields
for a given bit weight. Hereby is, for instance, one bit weight generated in two sub-fields,
which requires an extra sub-field addressing and erase period (typically 1 ms duration). In
some PDPs this is pushed sofar that it is at the cost of the number of inherent grey-levels per
pixel. In a conventional PDP display, in principle dual scan can be used to reduce the
addressing time for an entire display, but at the cost of double the number of column drivers
(40 ICs). The second problem is a fundamental problem, it hardly never occurs that there is
only one speed apart from O in a natural scene. What mostly is the case is that only one
speed within a certain small range is present much more often than any other speed.
Furthermore, motion artifacts mostly occur around the most significant sub-fields (the sub-
fields with the highest weights) at spatial sub-field changes when only a small change in
grey-scale must be achieved. Both properties can be used to calculate the speed that shows
most artifacts for that scene when a normal sub-field order would be used. This speed can be
used as an input to calculate a more optimum sub-field timing and order. When implementing
this in this way, flicker is likely to occur due to a sudden shift of a significant sub-field.
(When a sub-field is suddenly shifted from timing the time between the last occurrence of
this sub-field and the present time can be for instance 25 ms which result in a flicker
component of 40 Hz.) This can be diminished by not changing the sub-field timing at every
change of the most optimum sub-field timing (thus low-pass filtering of the optimum speed
for adjusting the optimum sub-field timing), and secondly not changing the sub-field timing
suddenly, but in a slow fashion (slowly adjusting the timing of the most significant sub-fields
until the optimum timing is obtained). In a preferred embodiment, this requirement is only
present for the most significant sub-fields. Even when the optimum sub-field timing is not

reached an improvement in motion portrayal can still be obtained.

In sum, a method is presented to reduce the motion artifacts by dynamically
adapting the sub-field order and timing dependent on the contents of a video image. In the
contents the most common speed can be found whereby artifacts are likely to occur. At this
speed the best sub-field order and timing is calculated and this is applied in the panel. A low-
pass filtering this information prevents introduction of flicker due to sudden changes in sub-
field timing.

More specifically, the speed to which the sub-field order is adjusted can be one
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of the following alternatives:

1.  The most frequently occurring speed (simply derivable from the motion
vectors); _

2. Within the speed statistics, within a certain distribution of the speeds, an
optimum can be found at which the artifacts are minimal;

3. The speed which causes most artifacts (derivable from the sub-field
transitions between the pixels and the rounding errors with regard to the matrix grid in
combination with the speed and sub-field timing);

4.  The speed in the middle of the picture (most likely drawing most attention
of the viewer);

5. A speed obtained in dependence on one or more of the above speeds by

taking e.g. an average or a median.

The artifact introduced depends on the grey level transitions between the pixels,
the speed, and the specific sub-field timing and order (rounding errors with regard to the
matrix grid). In allocating the most optimal sub-field timing, one could proceed in the
following simple manner (this can be calculated once and stored in a LUT for all speeds):

1.  Put the MSB sub-field (i.e. the sub-field having the highest sub-field
weight) at a point of intersection between the matrix grid and a line indicating the motion
vector (see Fig. 11, where the vertical lines indicate the matrix grid, and the diagonal line
indicates the motion trajectory). Preferably, the MSB is put at a position close to the middle
of that line to accommodate for motion-estimation errors.

2. Calculate the best position for the MSB-1 sub-field, keeping in mind that
the sub-field having the highest but one weight introduces, in combination with the sub-field
having the highest weight, most artifacts (gaps and overlaps). This calculation is carried out
in accordance with the following formula:

At = (x/v) * Tf, in which

At is the time difference between the generation of the MSB-1 sub-field with

reference to the MSB sub-field,

x s the displacement expressed in full pixels, thereby reducing the rounding

error to 0, and |

Tf is the field time.

Thereby, the displacement resulting in that both the MSB sub-field and the MSB-1 sub-field

are on the same motion vector, has become an integer number of pixels. Stated in other
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words, the MSB-1 sub-field is put at another intersection (if present) of the matrix grid and
the motion trajectory line of Fig. 11. If there is no second intersection between the matrix
grid and the motion trajectory line, the MSB-1 sub-field is put on the matrix grid as close as
possible to the motion trajectory line. Preferably, the MSB-1 sub-field is put at an
intersection close to that of the MSB sub-field to reduce artifacts resulting from motion
estimation errors. If there are several sub-fields having an identical highest weight, one of
these sub-fields is taken for the above-mentioned MSB sub-field, while another of these sub-
fields is taken for the above-mentioned MSB-1 sub-field, etc.

3. Do the same as regards the other sub-fields: put them at an intersection
between the matrix grid and the motion vector line, or put them on the matrix grid as close
as possible to the motion trajectory line.

4. Finally, check whether all sub-fields have got a position. If not, shift the
previous sub-fields a little bit so as to make room for the remaining sub-field or sub-fields,
taking into account the minimum time required for each sub-field (sum of erase, address and
sustain periods) and the need to reduce the position errors as much as possible.

Alternatively, it is possible to calculate for all speeds the optimum order and
timing by calculating the smallest distance (i.e. positional error) to the motion vector, in
which each sub-field is given a certain weight (not necessarily corresponding to the sub-field

weight set out above). The smallest distance then corresponds to the smallest average error.

Fig. 10 shows a block circuit diagram of a display apparatus in accordance with
the present invention. An antenna A receives a television signal, which is applied to a tuner
T. An output signal of the tuner T is applied to a video signal processor VP. An output
signal of the video processor VP is applied to an analysis unit AU for analyzing speeds in an
image and the contents of the image. An output signal of the analysis unit AU is applied to
sub-field order and timing calculator SOC for calculating the most optimal sub-field order
and timing in accordance with the present invention as described above. The output signal of
the video processor VP is applied to a display driver DD, an output of which is connected to
a PDP or DMD display D. A control input of the display driver DD is connected to an
output of the sub-field order and timing calculator SOC for adjusting the sub-field order in
accordance with the present invention. Preferably, the past is taken into account (low-pass
filtering). Motion-compensation is based on the sub-field order and timing. This can have
been stored into a LUT (look-up table) ROM.
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Fig. 11 explains the notion positional error by means of a Time versus Position
diagram of the type of Fig. 2D and other figures described above. The positional error PE
mentioned above is the difference between the actual position (always an integer position) of
a pixel in a sub-field on the display grid (indicated by a dot) on the one hand, and the line
indicating the motion trajectory.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be construed as limiting the claim. The
invention can be implemented by means of hardware comprising several distinct elements,
and by means of a suitably programmed computer. In the device claim enumerating several
means, several of these means can be embodied by one and the same item of hardware. The
motion-adaptive sub-field timing of the present invention can be combined with other

techniques reducing motion-induced artifacts.
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1. A method of driving a display (D), the method comprising the steps:

distributing (DD) field information from a field of an image signal over a
plurality of sub-fields; and

generating (AU, SOC) a start time for each sub-field in dependence upon
motion.
2. A method as claimed in claim 1, wherein said step of generating (AU, SOC)
the sub-field start times in dependence upon motion includes the step:

generating a start time of the sub-fields in such a manner that the sub-fields lie
on or as close as possible to intersections of a motion trajectory and a matrix grid of said
display.
3. A method as claimed in claim 2, wherein in said generating step (AU, SOC)
first a sub-field having a highest weight among the sub-fields is positioned.
4. A method as claimed in claim 3, wherein said sub-field having said highest
weight is position close to a middle of a line representing a motion vector on a grid defined
by available positions on said display.
5. A method as claimed in claim 3, wherein a subsequent sub-field having said
highest or a highest-but-one weight is positioned close to said sub-field having said highest
weight.
6. A method as claimed in claim 1, wherein in said generating step (AU, SOC) a
sub-field timing is only gradually adjusted.
7. A device for driving a display (D), the device comprising:

means (DD) for distributing field information from a field of an image signal
over a plurality of sub-fields; and

means (AU, SOC) for generating a start time for each sub-field in dependence
upon motion.
8. A display apparatus, comprising:

means (T, VP) for furnishing an input image signal,

a display driving device (AU, SOC, DD) as defined in claim 7; and

a display (D) for displaying the image signal.
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