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Method for predicting motion artifacts of plasma display panels
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Abstract: A simulation method is proposed to predict the motion artifacts of plasma display panels (PDPs). The

method simulates the behavior of the human vision system when perceiving moving objects. The simulation is

based on the measured temporal light properties of the display for each gray level and each phosphor. Both the

effect of subfield arrangement and phosphor decay are involved. A novel algorithm is proposed to improve the

calculation speed. The simulation model manages to predict the appearance of the motion image perceived by a

human with a still image. The results are validated by a set of perceptual evaluation experiments. This rapid and

accurate prediction of motion artifacts enables objective characterization of the PDP performance in this aspect.
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Motion artifacts'' ' like the dynamic false contour
(DFC) and motion blur can be significant drawbacks
of flat panel displays (FPDs) such as the plasma dis-
play panel ( PDP) and the liquid crystal display
(LCD). These motion artifacts are perceived by human
eyes, but difficult to record and characterize. Based on
the measured temporal light behavior of the display
panel, this paper introduces a way to predict motion ar-
tifacts with a still image. Finally, the predictions are
validated with perceptual evaluation experiments.

1  PDP Operation and Visual Perception
Basics

A PDP"”™is essentially a matrix of sub-millimeter
fluorescent lamps that are controlled by electronic driv-
ers. Each pixel of a PDP is composed of three elemen-
tary UV emitting discharge cells. The UV light is con-
verted into visible light by phosphors in three primary
colors. Due to the binary state of the plasma cell (on or
off), different intensities are generated on a PDP using
pulse-number modulation. The complete frame duration
is split into several weighted sub-fields"' ( see Fig.1).
The pulse-number denotes the sub-field weight. In Fig.
1,32 intensities can be generated by selecting one or
more sub-fields. The actual light behavior is more
complicated (see Fig.2). This figure shows the meas-
ured luminance curves of the red, green, and blue phos-
phors for pixel value 255. The display was active dur-
ing only one frame period (60 Hz). These curves in-
clude both sub-field arrangement and phosphor decay
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information. For our model the luminance curves for
each gray level and each phosphor are required. So in
total 768 curves with temporal luminance data are
needed for 8-bit input codes.

Perceived on the retina during motion
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Fig.1 The schematic diagram for subfield arrangement
and motion artifacts generation
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Fig.2 Examples of luminance profiles for different phos-
phors when pixel value is 255
For the mechanism of motion artifacts when

viewing a moving image, two valuable assumptions of
the human visual system can be found in Refs. [6 —7]:
(D The viewer perfectly tracks the viewed object by
smooth movements of the eyeballs; 2) Light stimulus
within a 1-frame period is perfectly integrated in the
visual system.
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As we know, video content is displayed by dis-
crete frame series, while the human eye perceives the
moving object with smooth tracking. Depending on the
subfield arrangement this may result in motion arti-
facts. This can be explained by Fig. 1. When no motion
is present, the observers will perceive a light intensity
according to the pixel values indicated at the bottom
(sum of the active subfields in one frame time). When
the image starts moving, for example, at a speed of 2
pixel/frame, the eye will integrate the light along the
motion trajectory, indicated with the dashed arrows.
The resulting pixel values are indicated at the top of
Fig. 1.

2 Program for Simulation

For our model we assume that the moving original
picture P,(m, n) and the still picture P(k, ) (simula-
ted for a specific motion speed) will result in the same
perceived result. Where m, n, k, | describe the defini-
tion, m=0,1,....M-1; n=0,1,....N-1; k=0,1,
...K-1; 1=0,1,...,L -1.Fig.3 shows the schematic
overview of the simulation software. The two images
are indicated by P,(m, n) and P(k, ), respectively. By
comparing the pixel values of picture P (k, [) with
those of picture P,(m, n), we can derive the degree of
the deviation and then the seriousness of motion arti-
facts.
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Fig.3 Schematic overview for motion artifact simulation

To calculate the new picture P(k, [), two assump-
tions are used:
DO M=K, N=L. So the two pictures have the
same size and resolution.
@ Y Py(m,n) = P(k,1), meaning that the
k1

m,n

pictures generate the same amount of light.

In Fig. 4 a moving one-dimensional picture P(j)
is presented. It moves horizontally with a speed of 2
pixel/frame. Each integration region should be along
the motion trajectory. Based on the assumptions above,
the hatching parallelogram of Fig. 4 is considered as
the integration region for a new pixel. The blocks (A,
B, ...) are pixels for the original still image. The resul-
ting luminance of pixel j is calculated by

1
L =
T T X, T,

j L(x, 1) dxds (1)
St

L(x,t) is the light signal as the function of space and
time. So Eq. (1) also needs the information of light
distribution as the function of space, which is difficult
to measure. However, if we take R, G, B sub-pixels into
account, for each phosphor, the light generation almost
concentrates in the middle of the pixel, like the small
black dashed blocks in the hatching parallelogram of
Fig.5. We assume that the light is concentrated along
the line in the center of each sub-pixel. In this case Eq.
(1) can be simplified to
, 1

L = ?f s,L( 1) dt (2)
where L(¢) is derived the light behavior of pixels C,
D, and E.
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Fig.4 Schematic of the light integration principle
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Fig.5 Consideration of space distribution of light intensity
in one pixel

In this way, to calculate all the pixels of P, the
light behavior data of pixels in P, are repeatedly ac-
cessed, resulting in a lot of time to compute to total im-
age. If we take phosphor decay into account, the con-
tents of previous frames will also be affected. It is diffi-
cult to add this effect to Eq. (2).

In Fig. 5, each pixel of P, contributes to three pix-
elsj—1,jand j+1 of P.If the light signal behaves as
indicated at the right, it is divided into three segments,
contributing to j — 1, and j + 1 of P, respectively. For a
certain motion speed, identical input codes will have
the same curve and hence the same processing. For ex-
ample, for blue = gray, we can first detect the location
of all the pixels of P, with blue = gray, then spread the
corresponding segments to the corresponding pixels of
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P(j). For each pixel value and each phosphor, we can
get such a kind of array, and then add all of them to-
gether to get the new image P.

Due to phosphor decay, for a certain physical pix-
el the previous value will affect the current light behav-
ior (see Fig.6). The light behavior in one frame period
for a particular pixel value can be separated into two
parts:

(D The light generated in one frame period with 0
input as the precondition.

(2) The light component that depends on the previ-
ous value of this pixel.
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Fig.6 Luminance curves for different stimulating
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In Fig. 7, the decay contribution is indicated for
pixel i —2, and this light will affect the pixels j -1, -
2,j -3, and so on. That is, the light of pixel i affects
more pixels than indicated in Figs. 4 and 5. The upda-
ted segments dividing method is presented in Fig. 7.
The phosphor decay effect can be easily included. So
with increasing phosphor decay time, the wider the
light signal will spread.
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Fig.7 Simulation principle with consideration of phosphor decay

Now the motion artifact simulation presented in
Fig. 3 is fulfilled. The simulation result, for a given
motion speed, is represented in a picture P(k, [) with
the same size and resolution as the original still one
P,(m,n).

3 Perceptual Evaluation

We did a set of experiments to evaluate if the
predicted still image with the motion artifacts shows a

good correspondence with motion artifacts in the actu-
ally moving image. The two images P and P, are dis-
played on the same screen (see Fig. 8). The above
one is the original still picture, which is moving with a
user adjustable speed. The bottom one is the predicted
image with the motion artifacts that are simulated for
a certain motion speed. This bottom image remains
still.

Fig.8 Image eyeball, used for the perception experiment

The participant controls the motion speed of the
above picture and adjusts the speed until he/she thinks
the two images match best. Then, at the selected
speed, he/she indicates how well the two images
match. The 5-point quality scale is used to express the
degree of matching: (5) Excellent match/identical; (4)
Good match/slightly different; (3) Fair match/differ-
ent; 2 Poor match/very different; ) Bad match/
completely different.

In total, 21 stimuli ( three different testing patterns
with different motion speeds) were used in the experi-
ments. Fig. 8 shows the image eyeball. 13 people par-
ticipated in the experiments. Fig. 9 and Tab. 1 show
the average results of the experiment. The following
conclusions can be drawn:

1) The speeds chosen by the participants are al-
ways around the speed used for simulation ( see Fig.
9). The average standard error in the mean is 0. 27.
So different motion speeds will result in different mo-
tion artifacts. People can distinguish them. The simula-
tion model can also differentiate them.
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Fig.9 Average adjusted speed vs. speed for simulation
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Tab.1 Subjective experiment results for picture of eyeball with different motion speeds( see Fig. 8)

Motion speed for simulation v/ ( pixel - frame ~") 8 4 -4 12 -8 -4 8

Average speed chosen by observers/( pixel - frame ') 7.5 4.0 -4.1 10. 8 -7.4 -4.2 7.3
Standard error in the mean of the speed chosen by observers 0.32 0.17 0.20 0.24 0.25 0.24 0.35
Average of corresponding score given by observers 4.1 4.5 4.5 4.3 4.3 4.5 4.1
Standard error in the mean of the score given by observers 0.23 0.17 0.19 0.16 0.17 0.16 0.17

Note: Correlation coefficient is 0. 999 3 (between the 1st and 2nd row) ; average matching score over all conditions with different testing

speeds is 4. 3.

2) The average scores given by subjects are al-
ways higher than 4. So the simulation gives a really
good prediction of motion artifacts that matches the
actual perception results very well.

4 Conclusion

This paper introduces a fast simulation method. It
can provide a good prediction of motion artifacts that
will become visible on PDPs. The simulation results
are validated with perceptual evaluation experiments.
This simulation method can be used to compare the
performances of different plasma display panels and
different driving methods.
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