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 We have already succeeded in findings that stereoscopic video clips enhance brain activity. 
We herein increase the knowledge about the influence of 3D and blurred images on the 
human body, especially on brain activity. From of old, it has been pointed out that the 
motion sickness is induced by the blurred images. In this study, stabilogram and cerebral 
blood flow are measured to investigate the process in the brain during the 3D sickness. 
Activity in the ventral and dorsal streams is enhanced. The most suitable cutoff frequency 
for viewing the effects of the dorsal stream are estimated between 0.1–0.3 Hz in a Fourier-
Shuffle surrogate data analysis of the cerebral blood flow. 
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1. Introduction 

In recent years, various three-dimensional (3D) video display 
systems have been developed. Generally, they require 3D glasses, 
but some recent displays can present binocular and multiaspect 
autostereoscopic images. However, in either case, there are issues: 
(1) unpleasant symptoms such as headaches, vomiting, and 
eyestrain, (2) and a lack of ambience and realism. Especially with 
Japanese 3D televisions, binocular disparity is set to 1º or less; 
therefore, dynamic movements cannot be fully expressed. The 
reason for the eyestrain induced by 3D video viewing is not fully 
known yet; thus, without an appropriate manufacturing standard 
for 3D videos and their display systems, excessive measures 
against visually induced motion sickness (VIMS) have been 
implemented. 

With natural vision, accommodation and vergence are 
consistent. However, it is generally understood that in 3D video 
viewing, while the lens is accommodated to the position of the 
screen that displays the image, the eyes converge at the position 
of the 3D object (a common reason for eyestrain during 3D image 

viewing). This discrepancy between the accommodation and 
vergence is considered to be the reason for the eyestrain from 3D 
viewing and visually induced motion sickness [1–4]. 

We can easily view stereoscopic video clips in daily life; 
however, it has been reported that symptoms such as headaches, 
nausea, dizziness, and vomiting occurred from VIMS [5]. It is said 
that the abovementioned symptom is induced by the vestibulo-
vegetative reflex [6]. The vestibulo-vegetative system is closely 
accompanied by the vestibular nuclei, which is also involved in 
body balance. Compensatory movements in this equilibrium 
function are controlled by the vestibule-spinal reflex and the 
vestibule-ocular reflex. In these, the outputs from the vestibular 
nuclei are projected to the antigravitational muscles and the 
extraocular muscle, respectively. Therefore, body sway is 
affected by motion sickness, although there are some processes 
that control the antigravitational muscles through other nervous 
pathways (see [7]).  

According to Patterson [8], if the viewing conditions are 
sufficiently bright, the depth of field of a target has a mean 
difference on the order of 1.0 D (diopter), and the 
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accommodation-vergence conflict discussed above is a problem 
unique to proximity displays. Factors associated with the depth of 
field are the pupil diameter and resolution, and viewing conditions 
of images influence the pupil diameter. Most previous studies 
used a deep depth of field to prevent blurriness, resulting in a 
measurement environment quite different from that of everyday 
life.  

Moreover, distribution of the vergence fusional stereoscopic 
limits in stereoscopic images is desired [9]. Eighty-four percent 
of all subjects could see a stereoscopic image of two planar 
images with a binocular disparity of 2º. The target under such a 
condition is a single target without a surrounding image. When 
there is no other parallax image, an accommodation-vergence 
process that creates an image from a double image is considered 
to function as a positive feedback system [10]. 

With developments such as the miniaturization of diagnostic 
equipment, brain science is developing rapidly, and a variety of 
brain activities are being defined [11]. Brain functional imaging 
using near-infrared spectroscopy (NIRS) has been developed of 
late years [12]. This technique is known to be a noninvasive 
measurement of brain activity, which utilizes the property of a 
hemoglobin which absorbs near infrared light, detecting the time 
course of the overall reactivity to activation of the cerebral cortex 
in subjects in a natural state [13–17]. Applying this to surfaces on 
the brain, we can observe changes in cerebral blood flow (CBF) 
within a 2–3 cm depth from the scalp, and recorded polygraph as 
time series data.  

 

Figure 1: Physiological structure of neurovascular coupling. 

The impacts of viewing 3D images on equilibrium function 
and brain activities were investigated in order to elucidate the 
cause for 3D sickness, which is induced during the peripheral 
vision more readily. Potential changes in brain activity can be 
measured by using fNIRS. Here, peripheral vision for the entire 
screen was compared to tracking a target while viewing 3D images 
[18] in accordance with neurovascular coupling (See Figure 1), 
which was known to be the relationship between subsequent 

changes in the CBF and local neural activity [19]. Tight temporal 
and amplitudinal linkages have been observed between the CBF 
supply and demand of the neuronal activity for over a century [20–
22]. According to previous studies [23–25], the regional blood 
flow is likely controlled by multiple mechanisms such as the 
feedforward involving neural signaling via neurotransmitters. 

 In this study, we investigated effects of 3D video clips on 
human body. In this experiment, we recorded a stabilogram from 
which the severity of the VIMS could be estimated. The brain 
function, especially in the hemodynamics in the CBF, was also 
measured. 

2. Material and Method 

Biometric data were obtained for the center of pressure (CoP), 
heart rate variability, and hemodynamics on the surface of the 
cerebrum in 11 healthy young individuals (mean ± standard 
deviation: 22.6 ± 1.0 years) with no abnormalities in the 
extremities and no past medical history of ear or nervous system 
disease. Moreover, the visual acuity of subjects with the naked eye 
and/or contact lenses had to be greater than 0.8 and capable of 
stereoscopic vision. This experiment was fully explained to the 
subjects beforehand, and written consent was obtained. The 
experiment was approved by the Ethics Committee of the 
Department of Human and Artificial Intelligent Systems in the 
Graduate School of the Engineering University of Fukui (No. 
H2018010-11). 

In this study, subjects wore a head-mounted display (HMD) 
GOOVIS G2 (Lets-co.jp, Nagoya), and the following video clips 
(VCs) were projected to the HMD: 

VC1) stereoscopic video clip with a resolution of 1080p 

VC2) stereoscopic video clip with a resolution of 360p 

A resolution of 1080p (1920 × 1080 px; also known as Full HD 
(high definition video) or FHD (full high definition 2K) and 
BT.709 (broadcasting service television 709)) is a set of HDTV 
(high-definition television) high-definition video modes 
characterized by 1,920 pixels displayed across the screen 
horizontally and 1,080 pixels down the screen vertically. The p 
stands for progressive scan, i.e. noninterlaced [26]. Contents 
using as visual stimuli in this experiment was supplied by Sky 
Crystal (Olympus Memory Works Ltd. Co., Tokyo), which was 
modified with the company’s permission. A sphere in a video clip 
was ambulated in a complex manner. 

Biometric data such as the stabilogram, electrocardiogram 
(ECG), and oxy-/deoxygenated hemoglobin concentrations on the 
CBF were recorded while the participant viewed high-resolution 
video clip VC1 and low-resolution video clip VC2. At a sampling 
frequency of 100 Hz, each sway of the CoP was recorded by using 
a Wii balance board (Nintendo, Kyoto). Subjects were instructed 
to maintain the Romberg posture during the duration of the trials. 
The subjects were asked to use peripheral vision for VC1 for the 
first 60 s and VC2 for the next 60 s, and to stand when there were 
no images (resting state). This trial was repeated five times 
(Figure 2). 
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In addition to the electrocardiogram (ECG), the CBF on was 
recorded on the surface of the frontal lobe (1–12 ch), on that of 
left temporal lobe (13–24 ch), on that of the right temporal lobe 
(25–36 ch), and on that of the occipital lobe (37–48 ch) in 
accordance with the fNIRS; channels in the prove of the FOIRE-
3000 (Shimadzu, Kyoto) were arranged as shown in Figure 3. Our 
previous study gave a description of the position where the probe 
cap was attached in detail [27, 28]. Observing cross-section MRI 
shots in the brain, we have also confirmed the field on which the 
CBF changes [29]. Time series data of the CBF were smoothed 
by the low-pass filtering whose cutoff frequency was set to be 
0.15 Hz. 

 
Figure 2: Experimental protocol. 

Figure 3: NIRS measurement channel layout. 

3. Results  

Sway values such as the area of sway, total locus length, total locus 
length per unit area, and sparse density [30,31] were estimated 
from the stabilograms (Figures 4–5). By using the Wilcoxon 
signed-rank test, we compared the sway values while viewing the 
VCs for a trial as follows. The statistical significance was herein 
set to be 0.05. 

There was no statistical significance in the difference between 
the sway values while viewing the VCs during the trials except for 
the total locus  (Figure 6b). In the third trial, the total locus length 
per unit area while viewing VC1 tended to be different from that 
while viewing VC2 (p < 0.1). 
(a) 

 

(b) 

 

(c) 

 

(d) 

 
(e) 

 

Figure 4: (a–e) Typical stabilograms while viewing VC1 for first to fifth trials, 
respectively 
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The oxygenated hemoglobin concentration in the CBF 
recorded while viewing VC2 was compared to that while viewing 
VC1. Significant changes were observed in the frontal lobe, 
temporal lobe, and upper occipital lobe (Figure 7). 

For area of sway, sparse density, and total locus length, the 
sway values for the n-th trial (n = 3, 4, 5) were significantly 
greater than those for the first trial while viewing VC1 (p < 0.05). 
In addition, all sway values for the n-th trial (n = 3, 4, 5) were 
significantly greater than those for the first trial while viewing 
VC2, as shown in Figure 6 (p < 0.05). 

4. Discussion  

In this study, we investigated effects of 3D video clips on the 
equilibrium function and the brain function, especially in the 
hemodynamics in the CBF. Video clips were projected on an 
HMD.  

In this experiment, no statistical differences were observed 
between the sway values while viewing the high-resolution video 
clip (VC1) and those while viewing the low-resolution video clip 
(VC2). The VIMS did not result from differences between the 
resolutions in this study. In addition, there was a statistical 
significance between the sway values of the n-th trial and those of 
the first trial (n = 3, 4, 5) while viewing any video clip. The 
changes in the sway values were considered to be owing to 
acclimatization in the upright posture. 

Time series data are prone to noise with measurement errors, 
and biological signals are no exception. Noise including in the 
biological signals should be removed. We have already conducted 
a study for a nonlinear analysis of the changes in the CBF using 
fNIRS in order to determine an appropriate cutoff frequency for 
the low-pass filtering of the CBF. In the experiment, subjects did 
not view stereoscopic VCs through the HMD but those on a liquid 
crystal display (LCD) through polarizing spectacles, following a 
test with subjects’ eyes closed (Cnt). The VCs were played back 
for 70 s in visual pursuit and for 70 s in the peripheral vision in 
succession, which were classified as the resting, the visual pursuit, 
and the peripheral vision terms. This protocol was repeated five 
times. Changes in the CBF were recorded in the measurements 
taken from 10 healthy persons that sat in a dark room. Sampling 
frequency and the arrangement of the probes were set to be same 
as shown in this study (Figure 3). Also, the study focused on the 
dorsal stream, which can be measured around the channel 38. 
Low-pass filters with some cutoff frequencies were applied to the 
original CBF for 38-ch, and the translation errors of the smoothed 
CBF were estimated using the Wayland algorithm [32]. We herein 
focused on the first set of results from each subject to compare 
among translation errors during the resting, the visual pursuit, and 
the peripheral vision terms Because the regularity of the changes 
in the CBF were indicated through the experiment. Using the 
Fourier shuffle surrogate data method, the nonlinearity of the 
results was also analyzed [33]. 

In each instance, the translation error peaked at cutoff 
frequencies of 0.3–0.5 Hz [34]. Statistically significant 
differences were noted between mathematical models of the raw 
data in the CBF and their surrogate sequences. In addition, 
statistically significant differences/tendencies were also observed 
between mathematical models of the surrogate data and the CBF 
time series smoothed by the low-pass filtering whose cutoff 
frequencies ≤ 1 Hz. We believed that the CBF data were affected 

by noises with high frequencies > 1Hz, owing to muscular 
activities in the extraocular muscles and physical artifacts.  

The translation errors were compared according to the cutoff 
frequencies f0 (Figure 8). At f0 = 0.2 Hz, translation errors 
estimated in the visual pursuit and in the peripheral vision were 
significantly greater than those observed while the eyes were 
closed (Cnt). Hence, the visual effect is thought to lie in the 0.1–
0.3 Hz band. 

In order to evaluate the difference between raw data and 
surrogate data, a t-value was herein calculated at f0 = 0.2 Hz. The 
values were estimated as 6.77, 3.52, and 1.09 for the Cnt, the 
peripheral vision, and the visual pursuit, respectively. For the 
visual pursuit and peripheral vision, the t-value was reduced 
compared to the Cnt. Thus, it was difficult to observe the 
nonlinearity in the CBF while viewing stereoscopic video clips. 
Compared to that for the peripheral vision, the t-value was 
reduced for the visual pursuit. This is thought to be the effect of 
increased activity in the dorsal stream that governs subjects’ 
spatial awareness with respect to the object being viewed [35]. 
This manifested itself more strongly when viewing stereoscopic 
video clips. For this reason, it is thought that a low-pass filter with 
a cutoff frequency of approximately 0.2 Hz is suitable for 
observing the nonlinearity and changes in the CBF during the 
viewing of stereoscopic video clips. 

Presently, we investigated effects of 3D video clips on the 
equilibrium function [27] and the CBF [28,34].  In the former, 
video clips were projected on the screen. The images were 
composed of a number of balls. A virtual evoked postural 
response (VEPR) was expected to be induced by their periodic 
motion with 0.25 Hz. Severity of the VIMS could be measured as 
a VEPR. We confirmed that the motion sickness was occurred 
while viewing 3D video clips. Based on the results of the 
stabilometry frequency analysis, we observed a reduction in the 
intensity of power spectral density for 0.25 Hz with the course of 
the noise amplitudes.  The frequency seemed to be synchronized 
with the periodic motion of the balls in the video clips. In the latter, 
subjects viewed video clips on LCDs of the video game and the 
television, respectively. Except for the video game, subjects 
viewed video clips through shutter/polarizing spectacles in this 
paragraph. 

We investigated the effects of 3D video clips on the brain 
function, especially in the hemodynamics in the CBF which was 
remarkably increased while viewing the stereoscopic video clip, 
compared to while viewing the 2D. 

(a) 
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(b) 

 
(c) 

 
(d) 

 
(e) 

 

Figure 5: (a–e) Typical stabilograms while viewing VC2 for first to fifth trials, 
respectively 

One question remains: compared with the impact of viewing 
3D videos with peripheral vision on the balance system, the 
amount of sway during viewing is small. Presently, we have not 
directly captured the instability in the balance system during the 
peripheral viewing of 3D videos. Therefore, it would be 
meaningful to improve the measurement precision of the impact 
on the balance system through numerical models. Considering 
research ethics, as it would lessen the burden on the subjects, this 
would not be limited to the design evaluation analysis of 
ultrahigh-definition images and VR, but could also contribute to 
hygiene and biomedical engineering. 

(a) 

 
(b) 

 
Figure 6: Comparison of sway values while viewing VCs for each trial: total 

locus length (a); total locus length per unit area (b). 

 

Figure 7: Changes in oxygenated hemoglobin concentration in the CBF recorded 
while viewing VC2 compared to that while viewing VC1: significant increase (p 
< 0.01 and p < 0.05) marked by ■ and ■, respectively; increase tendency (p < 0.1) 
marked by ■. 

In this study, by continuing the research challenges described 
above, we verified the illusion of self-motion (vection) induced 
by 3D video viewing. As an application, we determined new 
research topics. Is vection induced by 3D video viewing caused 
selectively by peripheral vision? Does uncoordinated movement 
of central and peripheral vision cause vection, inducing visually 
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induced motion sickness? We plan to elucidate these questions. 
By working on new research topics, we may be able to propose a 
guideline for the safe viewing of 3D videos. 

 
Figure 8: Comparison of translation errors estimated from CBF with eyes closed as 
control (Cnt) ■ with those of the visual pursuit ■, and of the peripheral vision ■. 

 According to the fNIRS measurement, as shown in Figure 7, 
significant changes were observed in the temporal lobe and upper 
occipital lobe that corresponded to the ventral and dorsal streams, 
respectively [35]. It is difficult to recognize the visual objects and 
motion processes owing to the low resolution of the video clip. 
Activity in the ventral and dorsal streams was enhanced, and 
theircooperativeness might be expected to be found in the next 
step. 

The number of elderly people with dementia in Japan is 
estimated to reach approximately 7 million people by 2025. It is 
important to diagnose/respond dementia in early stage. Games for 
people with mild cognitive impairments (MCIs) has been 
developed in accordance with the previous. Epidemiologic 
research [36]; Untreated poor vision is associated with cognitive 
decline, particularly Alzheimer disease. It is important to take care 
the decline in the visual acuity. Protecting eyesight also keep our 
brain function. Their medical evaluations are now conducting, 
using fNIRS and electroencephalograms (EEG) [37-38]. The basic 
experiments will be also stated in detail for the virtual space and 
the video games in the next paper.  

5. Conclusion 

We focused on the visual consciousness and examined 
whether the hemodynamics in the CBF depend on the 
consciousness. Despite the consciousness, the CBF contains body 
artifacts owing to the cardiovascular system and extraocular 
muscles in accordance with a nonlinear analysis of the CBF 
filtered at cutoff frequencies >0.5 Hz. In other words, noise at high 
frequency (>0.5 Hz) exhibits regularity. 
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