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Abstract
For our research on perception and judgment, we have developed a new visual simulation system based on the
previous system. Here, we report on the development history of our system and on the current research
employing it.
In 1975, the first visual simulation system was introduced, witch comprised a fiberscope and small-scale
models. By manipulating the fiberscope's handles, the subject was able to view the models at eye level.
When the pen-size CCD TV camera came out, we immediately embraced it, incorporating it into a computer
controlled visual simulation system in 1988. It comprises four elements: operation input, drive control, model
shooting, and presentation. This system was easy to operate, and the subject gained an omnidirectional, eyelevel image as though walking through the model.
In 1995, we began developing a new visual system. We wanted to relate the scale model image directly to
perceptual behavior, to make natural background images, and to record human feelings in a non-verbal
method. Restructuring the above four elements to meet our requirements and adding two more (background
shooting and emotion spectrum analysis), we finally completed the new simulation system in 1996. We are
employing this system in streetscape research. Using the emotion spectrum system, we are able to record brain
waves. Quantifying the visual effects through these waves, we are analyzing the relation between visual effects
and physical elements. Thus, we are presented with a new aspect to study: the relationship between brain
waves and changes in the physical environment. We will be studying the relation of brain waves in our
sequential analysis of the streetscape.
Introduction
Perception of space has been studied in a classical manner by empirically analyzing actual plans to determine
optimum proportions of public squares and streets. However, how people are concerned with a space or how
they feel about the space differs from person to person, and the appearance of a space depends on the position
and direction of the viewer. It is therefore dangerous to conclude simply by empirical methods. Such a
conclusion can be highly subjective. Can there be any approach whereby perception of architectural space can
be analyzed on the basis of the sensitivities of humans, or a more scientific methodology leading to an
objective conclusion that convinces everyone?
Since around 1970, the methodology of environmental psychology has been actively adopted as an objective
method in the architectural field. This study is also descended therefrom, being a part of a study aiming for the
objectification of the relationship between human sensitivities and space forms.
Studies on perception and judgement of architectural space generally deal with actual spaces. However, these
are not sufficient as materials for analysis. Even if there exist architectural spaces having appropriate forms for
analysis, experiment in such spaces can often be difficult. They also have other difficulties. For instance, the
conditions presented to the subject people tend to be difficult to standardize, and actual spaces tend to include
complicating conditions other than their forms.
Accordingly, it becomes necessary to present a simulated space instead of a real space. In our series of studies,
scale model spaces were adopted as a simulation technique. The use of a model makes possible space
configuration that does not exist in reality, as well as standardization of experiment conditions and
simplification of space elements. This paper reports on the three-stage process of developing a simulator that
makes scale models look more realistic.
Our history of simulation
[Introduction of fiberscope]
The year 1975 was the starting point of our study on simulators. Up until then we had studied on the
proportions and unity of a space by observing scale models from bird's view. In real life, however, people see
an architectural space mainly from the ground. Even a scale model should be observed by subject people from
the eye level of the scale model. We therefore planned to devise a simulator using a fiberscope.
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Figure 1 shows a manual simulator completed in 1976 through several improvements. The fiberscope head
fixed at a location allowed the observation of the model space by being rotated around horizontal and vertical
axes. The head was rotated up and down with a handle attached to the eye piece, and right to left by being
manually rotated simultaneously with the eye piece. These rotating operations allowed a sufficient field of view
ahead of the view point. The subject observed the image 1 cm by 1 cm in size with a naked eye directly from a
close range.
Figure 1. Fiberscope Simulator [see 07p01.tif]

[Introduction of a CCD TV camera]
In 1987, we introduced a CCD TV camera of a pen-size, with which we developed a computer-controlled
simulator in 1988. The aim of this device was to enable the viewer to move freely in the model space looking in
every direction. The device was completed after two improvements in 1989 and 1990 (see Figure 2). The CCD
TV camera was effective in observing a model space, as it produced a clear color image with lighting of normal
indoor lightness. Looking-up images were also obtained easily by turning the camera upward from the view
pointlevel, as the length of the shooting head was only 5 cm.
Figure 2. CCD TV Camera Simulator [see 07p02.tif ]

The viewer was able to look up and down, turn from right to left, and move forward and backward by touching
the keyboard of a personal computer. The view point was maintained at a certain distance from the ground by
means of a sensor. Therefore the view point level was maintained even when going up or down a slope or a
stairway. This apparatus enabled the operator to move the view point freely in a model and look in whatever
direction he/she wanted.
This apparatus substantially increased the degree of freedom of space study and enabled researchers to
investigate the problem of space forms and space perception of streets as well as to investigate space perception
by sequential observation of a space.
[Simulator directly related to perceptual response]
In 1995, we commenced developing a simulator for space observation in which the perceptual response of the
viewer is directly related to the perceived image. This equipment was completed in 1996 by adding new
features to the existing simulator fitted with a CCD TV camera and by modifying the existing features.
The newly added features include the following:
(1) The movement of the head of the viewer is sensed and simulated by the simulator head in real time.
(2) A feature to create composite images is added to show a natural scenery or a landscape of a real city as the
distant view of the model space.
(3) The viewers can watch sequential images on a head-mounted display (HMD).
(4)The effects of changing images on the viewer can be analyzed by a emotion spectrum analyzer.
These features made possible to relate the human perceptual response to images while presenting before the
viewer's eyes images corresponding to his/her movement in the virtual space. In addition, the incorporation of
the image of an actual space in the model space realized highly realistic simulation. Emotion spectrum analysis
is also considered to broaden the horizons of conventional space study.
Figure 3 shows the overall constitution of the simulator.
Figure 3. The Constitution of the Visual Simulator [see 07p03.tif]

The simulator comprises the following 6 elements:
(1) Operation input
This element detects the motion of the viewer and transfers the data to a personal computer. The viewer sits on
the chair and observes the model space as if he or she walks in a real space. A 3-D position calibrator detects
the direction of the eye by the rotational motion of the head of the viewer, the traveling direction by the
rotational angle of the chair, and the walking speed by the front/back travel of the right-hand lever.
(2) Drive control
This element converts the detected motion data to the pulse signals driving the stepping motors. The model
shooting component receives all motion signals, while the background shooting component receives only the
rotational motion of the head.
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(3) Model shooting
This element shoots the architectural model space against a blue background with a CCD TV camera. The drive
comprises a linear motor that controls the travel and rotation according to the detected front-back and up-down
motions while maintaining the CCD TV camera automatically at the eye level using a sensor.
(4) Background shooting
This element shoots the background for the scale model space. A CCD TV camera is rotated in a motion linked
with the model shooting element, incorporating the surrounding background.
(5) Presentation
The images from the model shooting and background shooting components are taken as the foreground and
background images for the composite images, respectively. The resulting composite images are shown on the
HMD.
(6) Emotion spectrum analysis
This component extracts and analyzes the contents of perception observed as the HMD image in terms of brain
waves. The differences in the brain waves between the positions and in the amplitude between the bands are
measured and compared, to analyze human sensitivity.
Figure 4. Present Visual Simulator of the Matsumoto Lab., NIT. [see 07p04.tif ]

Application of the simulator
Can the human sense of space actually be grasped and measured accurately by a simulator directly related to
perceptive response? Here the relationship between the changes in the space form and the changes in the human
brain waves is analyzed to examine the effectiveness of brain wave measurement, one of the newly added
features of the simulator.
[Emotion spectrum analysis]
Brain waves contain unnecessary information, such as noise and are difficult to grasp quantitatively. In this
study, the attention was focused on the correlation coefficient of the measured potentials of pairs of electrodes
attached to the scalp of the viewer during the analysis time. The correlation coefficient, which is determined by
Eq. 1, shows the similarity of the potential changes at given two points on the scalp during the analysis time,
which are affected by the activity of the brain and position of the person. The system outputs 10C2 * 3 = 135
pieces of data per unit analysis time for three frequency bands, i.e., a, b, and q.
Eq. 1. [see 07p05.tif]

[Experiment method]
The architectural model used in the experiment consisted of a space surrounded by buildings and a public
square simply connected with each other. The subject views the images of the model through the simulator
directly related to perceptive response as if he/she was walking along the street in the model (see Figure 5). A
narrow, enclosed space was followed by an open space, or vice versa, to present a dynamic change of the image
to the subject as the view point moved along. In Experiment 1, a video film was presented, in which the camera
proceeded forward at a constant speed. In Experiment 2, the camera proceeded forward at a constant speed
while scanning around at a constant speed. In Experiment 3, the subject manipulated the simulator to view the
model while proceeding forward at a constant speed. In Experiment 4, the subject watched the video film
recorded during Experiment 3. The images were presented on an HMD in all cases.
Figure 5. Scale Model of the Experiments [see 07p06.tif]

In each experiment, a sequence from the enclosed point, P1, to the open point, P2, (N-W movement) and the
opposite sequence from P2 to P1 were repeated three times (6 sequences in total). The traveling speed was 4
km/h in all cases. Two people were subjected to the tests. To investigate the brain wave data for the space
enclosed by buildings, transitional space, and open space, the cross-correlation coefficients were determined for
the first, middle, and last 30 sec during the travel of 90 sec, each reflecting the three zones. The positions of the
electrodes are shown in Figure 6.
Figure 6. Placement of Voltage Sensors [see 07p07.tif]
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[Results]
Comparisons between the correlation coefficients for each electrode pair and each of the three frequency bands
revealed that there are electrode pairs that shows characteristic tendencies in regard to the sequence and the
method of presenting the images. Figure 7 shows the changes in b waves between electrodes on the forehead.
In the experiments showing video films, the changes in the correlation coefficients showed similar tendencies
between the two subjects; they decreased when traveling from the narrow to open spaces (N-W movement),
and remained relatively constant when traveling from the open to narrow spaces(W-N movement). These
tendencies were particularly evident in Experiments 1 and 2, in which the images presented were the same in
all three times. In Experiment 4, the results slightly varied each time, presumably because the images differed
each time due to being the recorded films of Experiment 3. Experiment 3 consisting of the free observation led
to tendencies different from other experiments showing video films; The tendencies in N-W and W-N
movements were similar to each other. The changes in the correlation coefficients varied depending on the
position of the electrode pairs and frequency band. There were electrode pairs that did not show any specific
tendency.
Figure 7. Correlations Between Fp1 and Fp2 Sensor [see 07p08.tif]

The positions of the electrodes were divided into three parts: the fore part, middle part, and rear part. Figure 8
shows Patterns 5 and 13 in each part, which showed evident changes among the 13 increase/decrease patterns
of the correlation coefficient. In the N-W movement of Experiments 1, 2, and 4, the correlation coefficients
between electrodes in the fore part tended to show "all decrease" when the scene changed (Pattern 5) in regard
to a and b wave bands of both Subjects A and B. However, this tendency was weak or conversely "all
increase" (Pattern 13) in the W-N movements. Between electrodes in the rear part, Pattern 13 was evident in the
b band of both Subjects A and B in the N-W movements. This pattern was evident in the q band as well for
Subject A. Focusing attention on the difference between free observation in Experiment 3 and video film
presentation in Experiments 1,2, and 4, free observation tended to lead to smaller differences between the N-W
and W-N movement than video presentation.
Figure 8. Changing Pattern of the Correlations [see 07p09.tif]

[Summary]
In regard to the relation between space changes and brain waves, the following results were obtained.
(1) As a result of video presentation, the correlation coefficient between electrode pairs when the space form
changed constantly decreased in the N-W movement and remained unchanged in the W-N movement. Changes
in the view sequence are therefore considered to affect the brain waves.
(2) The significant differences between correlation coefficients resulting from the video film presentation and
free observation suggest that active observation affects the brain waves.
Conclusions and discussion
When developing a simulator, images of small spaces and indoor spaces can be obtained by reducing the size
of the camera head, developing a mobile camera head, and incorporating computer graphic (CG) images. This
equipment can well incorporate CG images by adding software and a large capacity computer and modifying
the operation program. CGs have become so advanced that fine animated images can now be obtained in real
time. It can therefore be adopted when the purchase cost has been reduced in the future. However, this does not
necessarily eliminate the necessity of scale models. The advantages of models cannot be overlooked, as they
are substantial and provide an instinctive grasp of spatial configuration. Scale models also enables a number of
researchers to discuss the experiment plans together and reach an agreement. Models and CG should continue
to be used in combination.
In order to make the images more realistic, efficient work is required, such as to incorporate real images and
utilize photographs, in addition to create precise models efficiently. As for the realistic appearance of the
distant view, our equipment has already solved the problem by being capable of incorporating a natural scenery
in the images of the model. As for the angle of view, the narrowness and the gap between the angles of view of
the TV camera and the HMD are the problems. This will require the use of a TV camera with a wide angle of
view and adoption of a wide angle HMD accordingly.
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We have concluded that space evaluation by brain wave analysis is basically possible, but we have just opened
the door to this field. The technique should be worked out step by step in consideration of such factors as
differences among individuals. A more comprehensive approach will be required, such as to investigate the
effectiveness of physiological measurements including perspiration, respiration rate, heart rate, along with
conventional verbal approach based on psychology.
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