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Abstract

It has been recognized for some time now that LCD displays will
introduce blur when showing moving objects or moving images.
Common moation-blur measurement methods permit to picture the
blurred profile of an edge moving with a constant velocity. A
normalized blurred edge width is then measured for several gray-
to-gray tranditions to give a motion-blur score of the display
under test. However, these objective measurements are partly
based on the behavior of the human visual system and it is an
open question how well they correlate with subjective experience
of observers. In this study, we develop a subjective experiment in
order to assess the annoyance and the acceptance of motion-blur.
Results are given and compare with measurements data.

1 Introduction

Motion blur is still an important issue for liquittystal displays
(LCD). Recently, efforts have been done in the mesament and
the characterization of this artifact, in orderotatain the blurred
profile of a sharp edge (defined by its gray-toygteansition)
moving on the display under test. The profile oistledge is
referred to as the blurred edge profile and itsthvid referred to
as the blurred edge widttBEW). This is generally measured
between 10% and 90% of the amplitude of blurrecequigfile. It
has been shown from measurements as well as fratysithat,
for a given gray-to-gray transition from gray ledlto gray level
N;, BEW varies linearly with the velocity [1][2][3]. As BEW is
expressed in space units avidh space over time units, the slope
has a unity of time and is generally referred ashhurred edge
time BET:

BEW , =BET, ;W foreachN, - N, (Eq.1)

These measurements will give some indication obihered edge
profile that reaches the retina (if the effectshef optics of the eye
are neglected). However, the human visual systenmdse
complex and it needs to be further investigated nwliee
perception of the edges will be different from theasurements
or when they will be agree.

The goal of this study is to know how the blur isjectively

perceived in terms of acceptance and annoyancét Aes been
shown [2][3][4], the quantity of blur varies as @nttion of the
gray-to-gray transition considered and as a functaf the

velocity of the moving object. Furthermore, it heeen shown that
the perception of LCD motion-blur varies with thentrast of the
edge [5]. The blur of low contrasted edges (i.eaygp-gray

transitions) is less perceived than the blur ofhhigpntrasted
edges. Regarding these results, subjective assasshd CD

motion-blur is needed in order to determine a thoks beyond
which the quantity of perceived motion-blur is maateptable.

Only few subjective studies [6][7] have been corddcto

determine such acceptability levels. They consistad the

assessment of sequences on different LCDs andetudts have
been compared with global motion-blur index of th&plays such
as MPRT. In our study, we decided to assess théombtur

perception on three liquid crystal displays. Motior has been
characterized on these LCDs, for 20 gray-to-granditions,
through temporal measurements as described by ficheau et
al. [4]. Moreover, a psychophysical study has bemmducted on
these three displays in order to determine prectbel quantity of
perceived blur for each transition [5].

As we measure the blurred edge width of 20 tramssti we
choose to assess specific stimuli in which gragy transitions
were controlled. Thus, we designed some synthetguences
with gray objects moving on gray backgrounds, alaiifpy some
sequences with scrolling texts on both uniform lgacknds and
natural pictures. Some natural panoramic picturase hbeen
assessed too. For each sequence, observers hdeeide if the
blur in the sequence is acceptable or not andheme asked to
give a quality score (on a five-grade impairmenalac This
would permit to explore the motion-blur perceptiamd to link
visual annoyance and user acceptance with both iqahys
measurements and psychophysical evaluation that xeen done
before. Experiments have been led at IRCCyN (Fiafaretwo
displays, and at Acreo AB (Sweden) for the thirae,owith the
same conditions and procedure. One of the godlsi®btudy has
been to help TCO Development to find a suitablaiiregnent for
motion blur.

In the following, the subjective assessment is dliesd in Section
2. Results are given in Section 3 and discuss&ation 4.

Table 1: Minimum, maximum, and average values of BET
(in ms) for thethree displays under test.

min BET maxBET
13.6 21.6
12.2 15.8
13.7 17.5

Display
DUT1
DUT2
DUT3

averageBET
17.8
14.1
15.3

2. Description of the Experiment
21 Displays under test

Stimuli were presented on three liquid crystal igs:
* DUTL1: 26, 1920 x 1200@60Hz
* DUT2: 307, 2560 x 1600@60Hz
+ DUT3: 377, 1920 x 1080@60Hz



Blurred edge timeBET) has been measured on each display for

the 20 gray-to-gray transitions between gray lewgl$3, 127,
191, and 255. Measurements have been done accaalitite
temporal method described in a previous work [4ie Tinimum,
maximum, and average valuesBET are given in Table 1.

22 Viewing conditions

Experiments were performed in a psychophysicsrtesh, with a
surrounding illumination of 20 lux and a D65 chrditigy on the
walls. Stimuli were generated in Matlab using tlsgddToolbox.

All stimuli were presented in an area of 1920 x A @&xels at a
refresh rate of 60 Hz. On displays with a largesohation, the
sequence was displayed on the center of the saednthe
borders of the screen were filled with a mean lamgeL e,
corresponding to the geometric mean of the maximamd
minimum luminance of the displalynean = SAMLminkmeax)-

The viewing distance was adjusted in such a way dha pixel
subtended 1.5 minute of arc of visual angle. Ireptlords, the
video sequence subtended an area of 48 x 27 \degakes in the
observer’s visual field. This corresponded to avirg distance of
2.08H, with H is the height of the picture (108kegis). Thus,
stimuli had the same size on the retina whateveplay which
was tested.

2.3 Stimuli
24 stimuli were presented to the observers; theybeaclassified
in three different experiment:

e Train experiment: 10 stimuli representing a synthé@in
moving from left to right.
background were varied from one stimulus to anothbe
height of the train was set to 2°.

¢ Text experiment: 10 stimuli representing a textobicry
from right to left. Text was white or black and kgmound
was either a uniform area or a natural picture. {Ex¢ was
upper-case and its size has been set to 0.4° whithe
average size of scrolling text in news channels.

«  Picture experiment: 4 natural panoramic picturessisiing
in scenes shot in a 360° angle, these pictures weme
scrolling continuously.

Examples of stimuli are given in Figure 1. In th@destimuli, the

object of interest (train, text, or the whole prefuwas moving at
a constant speed. 8 speeds were tested: 2, 416, &2, 14, and
16 pixels per frame (resp. 3, 6, 9, 12, 15, 18,8t 24 degrees
per second). Finally, 192 sequences were assegsedservers.

The experiment was split in two sessions with 3fuseces each.
The average length of each session was about A@tesin

24 Procedure

In each session, the observers assessed the quAlit96
sequences: 40 sequences with stimuli Train, 40 esemps with
stimuli Text and 16 sequences with stimuli Pictufbese 96
sequences were presented in a random order whishdiffarent
for each observer.

After a sequence had been viewed by an observéshdevas
asked to decide if the blur in the sequence waspable or not.
Then, he/she was also asked to rate the sequeocslig to a
five-grade impairment scale:

5 - Not Perceptible
4 - Perceptible but not annoying

Gray levels of train and
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3 - Slightly annoying

2 - Annoying
1 - Very annoying

Observers had the possibility to replay the segeess many
times as they wanted.

Figure 1: Examples of stimuli used in the experiment. First
row: Train experiment (synthetic train), second row: Text
experiment (scrolling text), two last rows: Picture experiment
(panor amic scenes).

25 Subjects

DUT1 and DUT3 have been tested at IRCCyN. 21 olessrivave
assessed motion-blur on both, 11 observers onlpdhl and 9
only on DUT3. This led to a total of 32 observers@UT1 and
30 on DUTS3 with an overlap of around two-thirds. émg the 21
observers that have assessed motion-blur on boti1Dahd
DUTS3, 11 have seen DUT1 first and 10 have seen Dlif33

DUT2 have been tested at Acreo. 32 observers jated in the
experiment.

All subjects possessed normal or corrected-to-nbraision
(visual acuity of 0.9 or better on both eyes). Thayre familiar
with the procedure after the training sessionsyréisealts of which
have not been considered. All observers have pzated in two
sessions. Half of them started with one sessiorredsethe other
half started with the second session.

A rejection process has been done independentlyadn stimuli.

The linear correlation between each observer'sitesand the

mean results was computed and the observer whingh&alower

correlation coefficient was rejected if the coaffit was lower

than 0.8. Then the mean results were recalculatddiee process
was repeated until all observers’ results are tated to the mean
results with a coefficient higher than or equaD18.

In average, 3.3 observers have been rejectedifoulswith the
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synthetic train, 1.5 for stimuli with scrolling texand 1.7 for
panoramic pictures. In all cases, more than 25rubsewere kept
for each stimulus.

3. Results

For each of the 24 stimuli, we obtained the accemdrequency
and the mean opinion score (MOS) as a functionhef dpeed.
Examples of results are given in Figure 2 with 988ffidence
intervals for the MOS. For each stimulus, threesholds can be
computed:

« ThPerc: threshold of perception, i.e. the value vidrich
MOS=4.5 (the stimulus goes from not perceptible
perceptible)

* ThAnnoy: threshold of annoyance, i.e. the valuevibiich
MOS=3.5 (the stimulus goes from not annoying tgtgly
annoying)

¢ ThAccept: threshold of acceptance, i.e. the vabrewhich
the acceptance frequency is 0.5

These three thresholds are represented by redimdigure 2.
They have been computed by the use of a fitting ehod the
subjective results. A logistic function has beenedusfor
acceptance and a spline has been used for thegpédan score.
Confidence interval of ThAccept is obtained froma ftiting since
this value is a parameter of the logistic functibor ThPerc and
ThAnnoy, we made a fitting on the values of the fictamce
intervals of subjective data to obtain some boumads the
thresholds values. These bounds are representeedblyiangles
on Figure 2 (bottom row).

T
|
1

o
®
]
1

o
o

f’f‘f

14
=

Acceptance frequency
Acceptance frequency

o
o

W’I [

6 8 10 2 14 16 2 4 6 8 10 12 14 16
Speed (pixels/frame) Speed (pixels/frame)

o

I

2 4

o

1
o

n

»e »e.

IS

IS

»h{\

»0\4{

Mean Opinion Score
@

Mean Opinion Score
@
~N

~

R

2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
Speed (pixels/frame) Speed (pixels/frame)

Figure 2: Examples of resultsfor two stimuli.
Acceptance frequency (top) and M ean Opinion Scor e (bottom)
for Picture Experiment with Seine picture (Ieft) and for Train
Experiment with black train on a white background (right) as

afunction of motion speed.

In a previous work [5], it has been shown that oles are less
sensitive to motion-blur for low-contrast transitsthan for high-
contrast transitions. Here, no particular tendeimay been found

to

regarding the confidence intervals of the threshiollven for the
Train Experiment, in which the gray-to-gray traimsis were
exactly known, the threshold of acceptance washigfter on low
contrast as it could have been expected.

For this reason, we decided in this paper to omlgsier the
average thresholds of each experiment. For eaglagliisthese
speed values have been converted to blur valuesding to the
measurements performed on the display. For syetkgthuli, we
took the mean between the BET of the rising traotsiind the
BET of the falling transition considered, and fatural pictures
we took the mean of all BET values. The blur vahas been
computed using Equation 1; results are present&dlite 2.

Table 2: Averagethreshold valuesfor each display and each
experiment. These values are blurred edge width (BEW)
values, expressed in minutes of arc.

DUT1 | DUT2| DUT3
Train Exp. | _ThPerc 5.3 4.0 4.4
ThAnnoy.| 10.9 8.4 9.3

av. of 10
(av ) ThAccept.| 19.3 12.2 16.5
Text Exp. | _ThPerc. 4.1 3.6 4.1
ThAnnoy.| 7.1 6.6 7.1

av. of 10
(av ) ThAccept.| 9.8 8.7 9.6
Picture Exp ThPerc. 4.3 3.7 4.4
(av. of 4) ThAnnoy.| 7.9 7.2 8.1
' ThAccept.| 12.6 10.3 12.4

Results of the train experiment were those with thest
important variability intra-observers, particulafyr the threshold
of acceptance. When asked, some observers expldiaefbr this
synthetic sequence motion-blur added naturalness waas
acceptable even for high speed, whereas some otissrvers
decided it was not acceptable anymore once it weceptible.

For the two other experiments, results were realfyre stable.
The most obvious evidence of this is the very clbsesholds for
DUT1 and DUTS3 for which the pools of observers wire same
at more than 65%.

For the three experiments, it can be noticed thaeshold values
were always lower on DUT2. This might be due to difeerence
of observers, and also to the fact that DUT2 wested at Acreo
(Sweden), when DUT1 and DUT3 were tested at IRCCyN-
(France). Despite of a lot of care, some smalledifices in
viewing conditions could have happened. It mighdoabe a
display related difference, but this was not stiaadly significant.

4. Discussion

The experiment shows, see Table 2, that on averegblur was
not perceived if its width was less than abouta&@ min = 0.07
deg. All three experiments were in agreement witk threshold,
which was expected since it is a level where the blecomes
perceivable.

The annoyance threshold and the acceptance thdeshete
different for the three experiments. The train ekpent had the
highest threshold, then the picture experiment, #mel text
experiment showed the lowest values. It is intargsto notice
that despite of variability between results, théndency was
always respected. For the text experiment, obsermey have



based their judgment of acceptance on the reagabflithe text,
this could explain why this experiment obtained tosvest
acceptance thresholds.

The threshold of acceptance was always higher ttiathreshold
of annoyance. This means that observers can aecegight
annoyance due to motion-blur. On average, the tibidsof
acceptance corresponded to a MOS of 2.6. This wahgefound
to be stable over the three experiments and tlee tisplays.

As depicted in Table 2, the average threshold oépi@nce for
the blur width 12’ = 0.20 deg. In other words, bluas globally
not acceptable if it was higher than 0.20 deg. Adicg to
Yoshidaet al. [8] 10 deg/s is a typical speed limit for movies
where there is no camera blur introduced: i.e.nfimtion speed
less than 10 deg/s, observers are not expectinge& blur.
According to Equation 1, thBET value of the display must be
less than 20 ms for the display to not introduee.bl

Concerning scrolling text on TV, the mean speed3s3 deg/s
according to Yoshidat al. [8]. The results of the text experiment
shows that the average acceptance threshold fer tyipie of
content isSBEW = 9.4’ = 0.157 deg. This means tfET must be
less than 11 ms in order to display scrolling tewth an
acceptable quantity of blur. Subjects are moreiseago blur in
the text case according the experiment.

Finally, it has been reported that the maximum dpaesent in
TV signal is around 30deg/s (except few cases)rtier to be
sure to not introduce blur at all, a perfect digpleould have a
BET value < 6.66 ms. However, these high speeds areerg
common and generally brief in time.

According to these typical speeds values, this dagive the
following design guidelines concerning LCD motiokxb

e Acceptable displayBET < 20 ms
¢« Good display BET <11 ms
¢ Excellent display BET < 6.6 ms

The discussion is still open concerning the wayceonpute a
global BET value of the display. VESA Flat Panel Display
Measurements document [9] recommends to take #ragsBET
value of 42 transitions between 7 gray levels percaly
equidistant from one to another. However, accordiagour
previous work [5], we would recommend to weigBET
measurements according to the contrast/dynamicheftested
transitions, since motion-blur is less perceived low-contrast
edges than on high-contrast edges. In accordaribetivéise latter
results, a sharpness metric of moving edge has tesribed by
Teunissen and Heynderickx [10] taking in accoumtdhntrast of
the edge.

Conclusion

In this study, the visual annoyance and the useepance of
LCD motion-blur has been assessed through subgectiv
experiments. 44 sequences have been tested, wiiffeBent
motion speeds. Stimuli were of three types: syitthsgimuli using
measured gray-to-gray transitions, scrolling testjuences and
natural scenes. These experiment have permittatbfine three
thresholds corresponding to the speeds for whicin becomes
respectively perceptible, annoying and not accéptalyymore.

From the motion-blur measurements performed orihttee DUT,
it has been possible to convert these thresholdduinquantities
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expressed in visual angles. These values have fednid give
some design guidelines concerning LCD motion-bhased on
the statistical characteristics of TV signal innter of motion
speeds.
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