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Abstract.  Optically compensated bend (OCB) mode liquid crystal display (LCD) panels
are newly developed displays that have excellent moving picture quality, which is almost
equivalent to that of a cathode ray tube (CRT). A high performance, with a brightness of
600 cd/m2 and a contrast ratio of 600:1, was obtained by using the pseudo-impulse driving
method to insert a black period between two continuous frames; further, the blinking
backlight method was used. By measuring the centre of gravity of the human body, we
compared statokinesigrams obtained from subjects viewing moving maps on OCBs and
on conventional model displays. The results suggest that OCBs are better than conventional
displays for scrolling map images such as those in car-navigation systems.

1.  Introduction

Today, liquid crystal displays (LCDs) are extensively used as general visual display
terminals. They have several features such as large display, reduction in weight and size
because of miniaturization, and low power consumption. However, users viewing movies
on LCDs often complain of blurring and bleeding of the images.

Many researches have been conducted previously for obtaining legible character
displays on the screen. The optimal brightness ratios required for displaying characters as
well as the background were obtained from ergonomic experiments (KIMURA et al., 1990;
SCHARFF and AHUMADA, 2002). SCHARFF et al. (2000) also examined the legibility of the
colors in the characters. In comparison with backlit LCDs, it has been observed that non-
backlit LCDs reduce the focusing speed among young subjects and reading performance
among middle-aged subjects (MIYAO et al., 1993). For the readability of sufficiently large
characters, no significant difference between the high- and standard-resolution video
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display terminals (VDTs) could be detected. However, for very small characters, a higher
resolution improved readability (MIYAO et al., 1989). OMORI et al. (2002) and HASEGAWA

et al. (2005) stochastically discussed the aspect ratio involved in the readability of
characters on the LCDs of mobile phones. On the other hand, optokinetic stimulation
(OKS) is known to trigger motion sickness (LESTIENNE et al., 1977). Anterior displacement
of the center of pressure on the force plate was observed during human body sway. In
particular, the displacement increased when random dots were rotated vertically at a speed
of 40–60 deg/s as an OKS to the subjects. However, there has been no study to evaluate the
LCDs viewed by the subjects using the data obtained from statokinesigrams (SKGs).

When users viewed moving pictures on LCDs, they experienced visually induced
motion sickness that was caused by a disagreement between visual stimulation and
stimulation of the inner ear (REASON and BRAND, 1975). The blurred images on the LCDs
sometimes induced “image sickness” in viewers, which is an unpleasant feeling similar to
that of motion sickness. Significant increases in the postural sway were observed during the
image sickness induced by simulators  (STOFFREGEN and SMART, 1998).

In this study, a newly developed LCD was compared with a previous model. By using
stabilometers, we compared the sway of the centre of gravity in the case of the
abovementioned two displays. The centre of gravity when the subjects were viewing
moving maps was compared.

2.  Method

We adjusted the temperature in the experiment room, which was kept dark, to 25°C.
The photograph shows the experimental setting.

The subjects stood without moving on the detection stand of a stabilometer (G5500,
Anima Co., Ltd) in the Romberg posture with their feet together for 1 minute before the
recording of the sway. Each sway of the centre of gravity was then recorded with a sampling
frequency of 20 Hz.

Subsequently, the subjects first stood with their eyes open for 1 minute (resting state);
they then viewed each display with a moving map task for the following 1 minute (testing
state). Subsequently, they closed their eyes for 1 minute. The visual distance was 1 m (Fig.
1).

Stabilometers

Subject

Display

Fig. 1.  Experiment setup.
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Display device
We used two types of displays-the display of a previous LCD model and an optically

compensated bend (OCB) display. The former was a hold-type display of a typical LCD
model, while the OCB display was a newly developed pseudo-impulse drive type.

Subjects
The subjects were six persons from 20 to 27 years old with no history of equilibrium

function problems.

Moving map task
The map of a fictitious city was scrolled from left to right. The subjects had to read the

name of a place from the moving map as a moving map task. The scroll speed of the moving
map was 20 dots/s.

Evaluation
We calculated several indices that are commonly used in the clinical field (SUZUKI et

al., 1996) for the SKGs, such as ‘area of sway’, ‘total locus length’, and ‘total locus length
per unit area’. In addition, new quantification indices termed ‘sparse density (SPD)’, ‘total
locus length of chain 1’, and ‘total locus length of chain 2’ were also estimated (Appendix).

3.  Results

Typical SKGs, which represent examples of the results from stabilometry, are shown
in Fig. 2.
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0 2
0

2

 

0 2
0

2

Fig. 2.  Typical examples of SKGs extracted from a subject (a) viewing the display of a previous LCD model
(the previous model display), (b) viewing the OCB display.
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The left and right figures show the results when a subject viewed the display of a
previous model and when a subject viewed the OCB display, respectively. In these figures,
the vertical axis shows the anterior and posterior movements of the centre of gravity, and
the horizontal axis shows the right and left movement of the centre of pressure. The red
squares in the two figures indicate the range recorded in the resting state. The amplitudes
of the sway as well as the right-left movement were larger when the subjects viewed the
display of the previous model than when they were in the resting state.

The measured values are shown in Table 1. In most cases, the values for the display
of the previous model were higher than those for the OCB display.

4.  Discussion and Conclusion

Moving pictures were rotated horizontally at a speed of 25 deg/s or less, which was
considered to be a sufficiently small OKS; therefore, the standing posture could be
controlled by a mechanism regardless of whether the subjects viewed the moving pictures.

We statistically compared the resting state among the testing states using the values
of the indices that evaluated the SKGs (Fig. 3). Among these states, the results of one-way
analysis of variance (ANOVA) showed a significant difference in all the indices except for
the total locus of chains (p < 0.01). From multiple comparisons, it was found that the values
of indices, other than the total locus length per unit area, were significantly larger when the
subjects viewed the display of the previous model than when the subjects were in the resting
state (p < 0.05). These statistical results indicated that visually induced motion sickness
was affected by the display of the previous model. In contrast, there was no significant
difference between the resting and testing states for the OCB display although the values
of the indices tended to be larger when the subjects viewed the OCB display than when they
were in the resting state. This result indicated that the use of the OCB display suppressed
visually induced motion sickness, which was an effect of the display of the previous model.

When the testing states for the display of the previous model was compared with the
OCB display, no significant difference was found in the indices other than the SPD S3 (see
Appendix). This index S3 may be convenient for the evaluation of displays. According to
the previous researches, aging does not produce an effect on the SPD but it has an effect
on the chains (TAKADA et al., 2003a). However, the SPD of the stabilometry indicates

Table 1.  Results from stabilometry (mean ± standard deviation).

Index Resting state Previous model display OCB display

Area of sway 2.3 ± 1.0 6.8 ± 3.4 4.9 ± 2.7
Total locus length 53.8 ± 16.4 96.5 ± 21.4 96.3 ± 22.0
Total locus length per unit area 38.8 ± 9.1 52.2 ± 10.4 56.3 ± 11.6
Sparse density S2 1.3 ± 0.1 1.9 ± 0.2 1.7 ± 0.3
Sparse density S3 2.0 ± 0.4 3.3 ± 0.4 2.7 ± 0.7
Total locus length of chain 1 1.9 ± 1.4 3.3 ± 1.6 3.0 ± 1.5
Total locus length of chain 2 1.7 ± 1.4 2.9 ± 1.5 2.4 ± 1.5
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whether the subjects had consumed alcohol an hour before the test (TAKADA et al., 2003b).
It is well known that the equilibrium function of a vestibule-cerebellum system is
deteriorated by the ingestion of alcohol as a medical action (KAGA, 1992). Therefore, the
image sickness induced by the blurred images on the LCDs might exert an influence on the
vestibule-cerebellum system.

OCB displays have excellent moving picture quality. The present results suggest that
for many applications, OCB displays are better than conventional displays.

(a) (b)

(c) (d)

Fig. 3.  We statistically compared the resting state among the testing states using the values of the indices that
evaluated the SKGs; (a) area of sway, (b) total locus length per unit area, (c) sparse density S3, (d) total locus
length of chain 2.
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Appendix

New quantification indices—‘sparse density: S2’, ‘sparse density: S3’, ‘total locus
length of chain 1’, and ‘total locus length of chain 2’—were proposed by TAKADA et al.
(2003b). We herein review the definitions of the SPDs and chains.

Sparse density (SPD)
SPD was defined by a scaling average of the ratio as Gj(l)/Gj(k). An SKG was divided

into quadrates of which the latus is j times longer than the resolution, and Gj(k) expressed
the amount of divisions including more than k measured points. If the centre of gravity does
not move, the SPD value becomes 1. If there are variations in the SKGs, it becomes greater
than 1. In this manner, the SPD depends on the characteristic of the SKG and the motion
process of the centre of gravity (TAKADA et al., 2003b).

The anterior-posterior direction y was considered to be independent of the medial-
lateral direction x (GOLDIE et al., 1989). Stochastic differential equations (SDEs) on the
Euclid space E2 ∈ (x, y)

dx

dt x
U x w tx x= − ∂

∂
( ) + ( )

dy

dt x
U x w ty y= − ∂

∂
( ) + ( )

have been proposed as a mathematical model that generates the SKGs (COLLINS and DE

Fig. A1.  Chains were extracted from an SKG. (a) Chain 1 and (b) chain 2 These figures have already shown to
define the chains by TAKADA et al. (2003b).
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LUCA, 1993; EMMERIK et al., 1993; NEWELL et al., 1997; TAKADA et al., 2001). Pseudo-
random numbers were generated by the terms of the white noises wx(t) and wy(t). Due to
non-linear SDEs constructed from SKGs, their temporally averaged potential functions Ux,
Uy have plural minimal points, and fluctuations could be observed in the neighborhood of
the minimal points (TAKADA et al., 2001). The variance of the SKG depends on the form
of the potential function in the SDE; therefore, the SPD is regarded as an index for its
measurement.

Chain
The force acting on the centre of gravity of the body was defined in terms of the

difference in the displacement vectors. In particular, we focused on the singular points
where statistically tiny or large forces were exerted. On the basis of the forces, the chains
were eliminated from the SKG as a consecutive time series. If the times measured at these
points were temporally vicinal, these points were connected by segments (sequences). The
figures formed by these sequences are known as teamed chains because of the shape of the
connections. ‘Chain 1’ and ‘chain 2’ were defined by the figures of the sequences of the
points where small and large forces were exerted, respectively; the former has local
fluctuations or straight lines while the latter is a cusp pattern (Fig. A1).
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