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Influence of visual sensation on sense of horizontal vibration

C. Noda & T. Ishikawa
Dept. of Housing and Architecture, Japan Women's University, Tokyo, Japan

ABSTRACT: Experiments have been carried out to determine the sense of horizontal vibration where sub-
jects can see the view form a window. The visual situation has the greatest influence on vibration perception, and
this is closely connected with vibration amplitude. Vibrations cannot be perceived physically in the low frequency
and small acceleration range, but they can be recognized visually as movement of the view. Therefore, many sub-
jects can perceive vibrations when they can see the view. It is therefore necessary to assess the perception thresh-
old in consideration of the influence of visual sensation. The visual sensation does not influence perception in
the high frequency range, because the vibration amplitude is imperceptible in that range. It is therefore possible
to assess vibrations on the basis of perception threshold scatter by physical feeling in the body.

1 INTRODUCTION Although the authors had conducted various exper-

iments involving vertical stripes (Ishikawa, Noda,
Existing vibration evaluation standards, including the =~ Kumazawa & Okada 1994a) and a model high-rise
AlJ Guidelines (Architectural Institute of Japan 2004),  apartment building (Ishikawa, Noda, Kumazawa &
use perception thresholds based on bodily sensation.  Okada 1994b) before, there was still room for improve-
In real life, however, people sometimes realize there ~ ment in terms of the investigation of the impact of
is a vibration by seeing the movement of furniture or  visual sensation based on more realistic visual objects.
the landscape outside a window or hearing the sound  In our latest experiments, therefore, we provided the
of wind or squeaking noise generated by the building,  subjects with such visual objects by making the actual
as can be seen from questionnaire surveys relating to  view outside a window visible to them. Our aim here is

existing high-rise apartment buildings and base-  to elucidate the influence of visual sensation on sub-
isolated buildings. (Ishikawa, Uekusa, Ichiriki & Noda  jects’ perception thresholds for horizontal vibration
1993, Nakamura, Kanda, Shioya & Nagaya 1995) through a comparison of cases in which the outside

Although the relevant international standard  view was visible (Noda & Ishikawa 1999b) and those
(ISO2631-2 2003) refers to visual effects such asone  in which it was not visible (Noda & Ishikawa 1999a).
of the parameters to be considered in its annex, it does
not quantify their effects, and therefore does not pro-
vide concrete evaluation criteria. To bring habitability 2 OUTLINE OF EXPERIMENTS
assessment more in line with reality by taking into
account the effects of circumstantial factors, it is nec-  Prior to experiments, a 3m? and 3 m high simulated
essary to elucidate the influence of visual sensation,  habitable room was built on the shake table. To repro-
audible sensation and other circumstantial factors on  duce an environment that is close to an actual domestic
the sense of horizontal vibration. indoor space, the habitable room was furnished with

Of these circumstantial factors, we focused on visual ~ sash windows, wall materials, fittings and other com-
sensation in this study. In actual living environments, = mon housing features. To minimize the impact of cir-
there are various objects that could give you a visual ~ cumstantial factors other than visual sensation, special
clue about vibration, including interior lighting fixtures  care was given to the acoustic environment. The
or furniture, a water surface and the landscape outside ~ mechanical noise from the vibration source was kept
a window. (Ishikawa, Uekusa, Ichiriki & Noda 1993, to a minimum through the use of an electrodynamic
Nakamura, Kanda, Shioya & Nagaya 1995) This paper ~ shaker. The walls were filled with a 10 cm-thick sound
discusses experiments conducted to elucidate subjects”  absorbing material to reduce the transmission of outside
sense of horizontal vibration when the view outside the  noise by about 15 dB. In addition, music was played at
window is visible. a set volume during all experiments.
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Figure 1 shows the overall layout of the experi-
mental site and setup of the habitable room interior
for experiment (1), which was conducted by keeping
the outside view visible to the subjects. Three subjects
were instructed to sit on chairs by facing a 140 cm by
100 cm window mounted on one of the walls at a
height of about 100 cm. Outside the habitable room,
there was a single-story structure at a distance of
about 9.3 m, and the subjects were able to view the
structure and background landscape through the win-
dow. Figure 2 shows the view outside the window as
seen from the middle chair, though there may have
been a slight difference depending on the actual loca-
tion of the chair. To the subjects experiencing a left-
to-right horizontal vibration, this view would have
appeared to be swaying from left to right. This paper
examines the influence of visual sensation on the
sense of horizontal vibration by analyzing experimen-
tal results obtained under those conditions.

Input vibrations were basically horizontal sinu-
soidal vibrations applied in a left-to-right direction
relative to the subjects. In setting the input vibration
range, wind vibration in high-rise and super high-rise
buildings, wind vibration in low and mid-rise build-
ings, traffic vibration and equipment vibrations in
which high frequency components dominated were
mainly considered. 14 frequency options are set rang-
ing from 0.1 to 40 Hz.

During experiments, input vibrations were mea-
sured using strain-gauge accelerometers and an oscil-
lographic recorder, with input reproducibility verified
each time. A vibration with a gradually increasing
acceleration was applied at a frequency selected from
14 options between 0.1-40Hz. The subjects were
instructed to signal the experimenter when they felt a
vibration while looking at the outside view, and the
experimenter gathered vibration data recorded before
and after the signal while constantly monitoring the
interior of the habitable room from outside viaa CCD
camera. The experimenter also gave instructions on
the commencement of a vibration run, etc. from out-
side via a microphone.

By changing frequency in a random sequence,
experiments were conducted over the whole spectrum
of frequencies. A total of 45 subjects, all females aged
between 19 and 24, took part in the experiments.

In experiment (2) (Noda & Ishikawa 1999a), a
control experiment in which the view outside the win-
dow was blocked, a steel cover was placed over the
window of the habitable room, forcing the subjects to
detect vibration relying on bodily sensation alone.
Unlike experiment (1), in which the view outside the
window was visible, experiment (2) involved a single
subject squatting on the floor for each session,
although other conditions, such as the vibration input
method, were the same. From previous experiments,
we had learned that subjects’ posture and number of
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View from habitable room window.

Figure 2.

subjects present in each session had a small impact on
the results compared to the assessment method, so that
experiment (2) was chosen as a control experiment.
This experiment involved a total of 35 subjects, all
females aged between 19 and 24.

3 INFLUENCE OF VISUAL SENSATION ON
PERCEPTION THRESHOLD

From the above observations, it is easy to see that visual
sensation exerts a great influence on perception thresh-
olds. In this chapter, we evaluate perception thresholds
in terms of signals raised by subjects upon sensing a
vibration, and discuss the impact that visual sensation
has on perception thresholds.

In experiment (1), in which the view outside the win-
dow was visible, acceleration measured at the surface of
the seat of the chair was used, while in experiment (2),
in which the view outside the window was not visible,
acceleration measured at the floor surface was used.

Figure 3 shows the distribution of personal percep-
tion thresholds recorded over the whole spectrum of
frequencies when the view outside the window was
visible. When the view outside the window was not
visible (Fig. 4), many subjects did not feel vibration
in the low frequency range below 0.16 Hz even at the
largest acceleration used in the experiment.

When the view outside the window was visible
(Fig. 3), on the other hand, all the subjects felt vibra-
tion at all frequencies. This shows that the availability
of visual sensation has a great impact in the low fre-
quency range.

When the view outside the window was not visible,
the scatter of perception thresholds varied across fre-
quencies, but when the view outside the window was
visible, it remained more or less the same up to around
6.3 Hz. When the view outside the window was visi-
ble, the scatter of perception thresholds was generally
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Figure 3. Distribution of perception thresholds when view
outside window is visible.
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Figure 4. Distribution of perception thresholds when view
outside window is not visible.

small, and this tendency was somewhat stronger in
the low frequency range, where displacement was large.
This can be interpreted that when the view outside the
window was visible, displacement as straightforward
vibration information provided by vision kept person-
to-person variations in perception thresholds small. In
the high frequency region, where displacement was
small, the scatter of perception thresholds increased
as was the case when the view outside the window was
not visible because of the difficulty in detecting vibra-
tion from a small displacement.

To elucidate the influence of visual sensation on
perception thresholds, perception probability curves
are calculated and compared for each visual condi-
tion. Figures 5 and 6 show regression expression of
degree 3 of every 20th percentlle perception thresh-
olds for the two cases.

Variations in perception thresholds attributable to
differences in visual conditions were observed in the
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window is not visible.

low-frequency region below 0.4 Hz. When the view
outside the window was visible, the perception thresh-
old fell as frequency decreased, and the gap between
the two curves widened in the low frequency region.
This can be interpreted that as the frequency decreases,
people have greater difficulty in detecting vibration
relying only on bodily sensation, while displacement,
the vibration information provided by vision, becomes
larger, thus increasing the impact of visual sensation on
perception thresholds in the low-frequency region.
Namely, subjects detected vibration from the move-
ment of the view outside the window even when their
bodies did not feel it.

In the medium to high frequency region above
0.63 Hz, the two sets of perception thresholds were
roughly equal. As frequency increased, displacement
decreased, making it difficult to detect vibration
through visual sensation even if the view outside the
window was visible. Namely, visual sensation had a

minimal impact in this region, and perception thresh-
olds were derived mostly from bodily sensation.

Although a discrepancy between perception thresh-
olds appeared again in the high frequency region, this
appears to have been due to the interference of the
resonance of the chair, which started at around 10 Hz.
In experiment (1), in which the view outside the win-
dow was visible, the acceleration measured at the sur-
face of the seat of the chair was used in the analysis,
but other factors, such as the vibration of the floor and
the response of the back of the chair, may also have
been involved.

Compared to past experiments conducted by the
authors, et al. using vertical stripes as the visual object
(Ishikawa, Noda, Kumazawa & Okada 1994a), the
impact of visual sensation was small. As has been dis-
cussed in a study on perception based only on visual
sensation (Tsurumaki, Goto & Inoue 1995), the impacts
of near and distant views on perception differ in trans-
lational vibration, and people are more sensitive to the
near view. Compared to looking at a building stand-
ing a fair distance away as was the case in our experi-
ments, looking at a nearby object, such as vertical
stripes placed just outside the window, appears to
result in a stronger impact of visual sensation because
of the ease of gauging the displacement. The impact
of visual sensation tended to be stronger in the large
displacement region above 1.0 cm in our experiments,
but this boundary displacement value is likely to change
according to visual conditions.

4 COMPARISON WITH PERCEPTION
THRESHOLDS BASED ON BODILY
SENSATION IN PAST STUDIES

Figure 7 shows the impact of visual sensation on per-
ception thresholds identified in this study in compar-
ison with perception thresholds measured without
showing the outside view to subjects in our past
experiments. (Ishikawa & Noda 1998, Ishikawa &
Noda et al. 1999, Noda & Ishikawa 1999a) Perception
thresholds measured without showing the outside
view to subjects are represented by approximation
cubic curves plotted from 50th percentile perception
thresholds obtained in the experiments after sorting it
according to experimental conditions applicable to
them so as to show the scatter of perception thresh-
olds based on bodily sensation alone. (Ishikawa &
Noda et al. 1999)

As has been discussed in our past study (Ishikawa &
Noda et al. 1999), perception thresholds based on bod-
ily sensation exhibit a scatter of the magnitude shown
in the figure due to differences in the subjects’ state
and level of vibration consciousness. When subjects
have no prior knowledge of the occurrence of a vibra-
tion and are relaxed, perception thresholds tend to be
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Figure 7. Comparison with perception thresholds based on
bodily sensation in past studies.

high. In contrast, when subjects anticipate the occur-
rence of a vibration and are predisposed to believing
“it must be shaking” due to exposure to reply choices
in a questionnaire, perception thresholds tend to be
low. Various situations in which building occupants
are placed in daily lives are likely to encompass all
the conditions considered in our experiments, and this
gives rise to a need for the thorough incorporation of
~ the resulting scatter of perception thresholds into hab-
itability assessment.

Perception thresholds based on both bodily sensa-
tion and visual sensation were lower than those based
on bodily sensation alone in the low-frequency region
below around 0.25Hz. Namely, despite the signifi-
cance of the impact of the subjects’ states and levels
of vibration consciousness on perception thresholds
based on bodily sensation, there is a region in which
the impact of visual sensation even exceeds it. In the
low-frequency region, perception thresholds tend to
be low as subjects are able to pick up weak vibrations
that their bodies do not feel through visual sensation,
as displacement is large in that region despite small
acceleration. In the low-frequency region, therefore,
habitability assessment needs to properly take into
account the impact of visual sensation on perception
thresholds in consideration of its significance.

In the medium to high frequency range above 0.4 Hz,
perception thresholds are mainly determined by bodily
sensation, as the impact of visual sensation is small due
to small displacement. In this region, the scatter of per-
ception thresholds measured while showing the view
outside the window to subjects is in line with that of
perception thresholds based on bodily sensation alone.
Namely, habitability assessment needs to mainly focus
on the scatter of perception thresholds based on bodily
sensation despite the fact that visual sensation may
exert some influence.
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As can be seen from the above, in the lower accel-
eration region that is within the scope of a habitability
assessment, the impact of visual sensation on percep-
tion thresholds differs according to the frequency, so
that it is necessary to give different weights to bodily
sensation and visual sensation depending on the tar-
get building. For example, bodily sensation exhibits
high sensitivity to vibrations in the frequency range
of 2.0-4.0 Hz, common in low-rise buildings such as
three-story prefabricated houses (Otsuki, Tamura,
Nakata, Naito & Kiriyama 1994), and the impact of
visual sensation is small compared to other frequency
regions. In such a region, therefore, it is appropriate
to focus on bodily sensation when conducting a hab-
itability assessment. On the other hand, bodily sensa-
tion is relatively insensitive to vibrations in the low-
frequency range, common in super high-rise apart-
ments and other buildings, and it is highly likely that
visual sensation impacts on the sense of horizontal
vibration. In such a region, it is necessary to increase
the weight given to visual sensation when conducting
a habitability assessment.

5 CONCLUSIONS

In this study, we conducted experiments by making
the view outside a window visible to the subjects and
analyzed the results in comparison with those of ear-
lier experiments based only on bodily sensation so as
to elucidate the impact of visual sensation on the
sense of horizontal vibration.

The findings of this paper are listed below.

1. Visual sensation has a significant impact on percep-
tion thresholds, and this tendency becomes stronger
as the frequency decreases. In the low-frequency
region, displacement is large despite small acceler-
ation, and this lowers perception thresholds as the
subjects are able to detect vibration their body can-
not feel by obtaining sufficient information from
vision in the form of a large displacement. In con-
trast, since displacement decreases as frequency
increases, visual sensation has little impact in the
high frequency region, so that subjects assess
vibration by relying on bodily sensation.

2. The impact of visual sensation on the sense of hor-
izontal vibration is closely related to displacement
as the form of vibration information afforded by
vision. This impact may therefore be analyzed by
dividing the displacement spectrum into three
regions. At a certain threshold level, displacement
just becomes visually recognizable, though the
actual value varies depending on various condi-
tions. If displacement is below this level, people
assess vibration by relying only on bodily sensa-
tion even if the view outside the window is visible.



If it is above this level, people assess vibration by
relying on both bodily sensation and visual sensa-
tion in an integrated manner. In a certain displace-
ment region further up the displacement scale,
visual sensation intensifies the body’s assessment
of vibration.

3. Although the perception threshold based on bodily
sensation varies depending on the subject’s state,
level of vibration consciousness, and the like, the
impact of these factors is overtaken by that of visual
sensation in the low frequency region, and this
results in the lowering of the perception threshold.
In contrast, the impact of visual sensation is small
in the high frequency region, so that habitability
can be evaluated by focusing mainly on the scatter
of the perception threshold based on bodily sensa-
tion despite the fact that visual sensation may still
have some impact.

The frequency range in which visual sensation has
a significant impact as established in this study is sub-
ject to a set of visual conditions, and more universal
research will be needed in the future research. Despite
such restrictions, this study has shown the necessity
of assessing habitability for horizontal vibration after
identifying regions in which the impact of visual sen-
sation must be taken into consideration and regions in
which it is sufficient to consider bodily sensation.

In an actual living environment, various other fac-
tors, such as whether there is a window near an occu-
pant, whether objects prone to shaking are present and
if so whether the occupant looks at them, will have to
be covered in an evaluation. The authors wish to present
a statistical evaluation method for the scatter of per-
ception thresholds that fully takes into account per-
sonal and circumstantial variabilities, including the
impact of visual sensation as shown above.

In conducting experiments and analyzing data, stu-
dents were working on their graduation theses at our
laboratory at the time, provided valuable assistance.
The authors acknowledge their contribution and
express their gratitude. The authors would also like to
thank all those who took part in the experiments. This
study has been partially funded under the Ministry of
Education Science Research Grant Program, Basic
Research (C) (1998-2000).
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