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This paper first describes the evaluation indexes of presence, i.e., the components and fac-
tors of presence, and the measurement and evaluation methods of presence. Second, as a pres-
ence-evaluation technique, we describe the development of evaluation technology which can
measure human brain activities when large-field 3D images are shown. We also describe the
quantitative evaluation methods of human sense of surface quality, especially glossiness, and the
results of psychophysical experiments. Finally, future issues of perceptual and cognitive mecha-
nisms of presence and its evaluation techniques are discussed.
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1 Introduction

In order to construct an “ultra-realistic
communication system” which causes people
to feel a strong sense of presence, it is neces-
sary to analyze in depth what the nature of
presence as felt by people. In human beings,
information received from the outside world
through the sensory receptors of their five sens-
es 18 transmitted to their brains, the information
then undergoes complex perceptualand cogni-
tive information processing to be felt as pres-
ence. As such, in order to clarify the sense of
presence felt by humans, we need to investi-
gate the perceptual and cognitive mechanisms
of the brain and neural system that allow hu-
mans to accurately interpret the realities of the
external world.

If the mechanisms of the sense of presence
that humans feel were able to be scientifically
clarified and presence accurately measured
and evaluated, it would have a huge value in
constructing an “ultra-realistic communication
system”. The first is the significance of the safe-

ty of an ultra-realistic communication system.
An ultra-realistic communication system is an
artificial system which can convey to humans
information for which there is no actual sub-
stance as if there were, and there is a possibility
that such systems could harm the brain or neu-
ral system of a human unnoticed. In order to
safely convey presence without causing physi-
cal or mental discomfort or fatigue to humans,
the presence felt by humans must be accurately
and quantitatively evaluated. Another meaning
of the clarification and evaluation of presence
is that it may lead to the discovery of deliver-
ing presence to humans. For example, by us-
ing the photoreceptors equipped in the human
eye, which have the sensitivity characteristics
to sense the three colors (red, green and blue),
video displays can cause a person to sense all
possible colors through combinations of the
aforementioned three colors. If the perceptual
and cognitive mechanisms of all five senses
were able to be clarified in this way, people
could be made to feel presence in an efficient
and effective manner without faithfully recreat-
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ing all physical properties. The “ultra” in ultra-
realistic communication system can be thought
of as implying that the aim is to construct a new
realism system that uses human perceptual and
cognitive mechanisms to surpass simply faith-
fully recreating physical information.

This paper first describes the evaluation in-
dexes of presence felt in section 2, and the
evaluation methods of presence. Second, as a
presence-evaluation technique in section 3 we
describe the development of evaluation tech-
nology which can measure human brain activi-
ties when large-field 3D images are shown. In
4, we also describe the development of quanti-
tative evaluation methods of human sense of
surface quality, and the results of psychophysi-
cal experiments. Then in 5, future issues of per-
ceptual and cognitive mechanisms of presence
and its evaluation techniques are discussed.
And finally in 6 this paper’s conclusions are
presented.

2 Presence evaluation indexes
and evaluation techniques

2.1 Presence components and factors
Presence felt by humans can be said to be
“feeling as if they were in the actual place”,
however if one more deeply delves into the
concept of presence, one will find that rather
than being a single sense, presence is actually
composed of multiple sensory components.
Therefore as shown in Fig. 1, when analyzing
presence, we analyze it using 3 components of
spatial components, temporal components and
physical components as evaluation indexes[1].
First, the senses of 3D, surface quality and
surroundness can be used as spatial compo-
nents for presence. The sense of 3D is a sense
related to the depth (distance from the observ-
er) and shape of an object existing in a space.
The sense of surface quality is a sense related
to the roughness of the surface of an object
(texture), an object’s hardness/softness (elas-
ticity), glossiness (surface reflectivity), trans-
parency and temperature (heat transfer coeffi-
cient), and from this information humans infer
the material (metal, wood, rubber, etc.) of an

object. Surroundness is a sense where one
senses the spatial extent of the area around one-
self, the sense of immersion in that space and in
addition the sense of the atmosphere of a place
can also be considered one form of a sense of
surroundness.

Next, sense of movement, sense of causal-
ity and sense of simultaneity can be used as
temporal components for presence. The sense
of movement is a sense which takes in tempo-
ral changes in the environment, which allows
humans to quickly estimate the movement
(speed/direction) of objects in the external
word. Causality is a sense that feels that some
phenomenon is the cause of another and gives
rise to a result. Simultaneity is a sense that al-
lows one to feel that separate phenomena are
occurring simultaneously. For example, an im-
age of two items touching and a sound of colli-
sion would be felt as being simultaneous and
humans feel that these would be the result of
the same physical factors.

And finally, sense of self existence, sense
of interactivity and affection can be used as
body-related components for presence. Even
if a person accurately takes in the environ-
ment spatially and temporally, this does not
mean that they necessarily sense themselves.
When an individual sense their own physical-
ity together with the environment, they sense
presence more strongly. Sense of self existence
is a sense where a person senses the condi-
tion (position, direction, movement) of their
entire body or part of their body (arms, legs,
head, etc.). Interactivity is a sense of interac-
tion where one feels they can obtain a specified
reaction by acting on objects or other people
within the environment in a given manner. Af-
fection is a pleasurable or unpleasurable sensa-
tion felt by the body in response to a subject,
and people sense presence more strongly when
experiencing these types of emotion.

Humans integrate various sensory compo-
nents described above to sense presence. More-
over, these sensory components are not neces-
sarily always independent of each other, but
reciprocally related and matched, and it can be
assumed when presence sensory components

160 Journal of the National Institute of Information and Communications Technology Vol.57 Nos.1/2 2010



Spatial
components
Solidity
Depth, shape

Texture

Roughness, hardnes
glossiness

Immersigh, sense
of atpiosphere

ense of change, sense of

Physical
components

Activity

motion

Causality
Sense of effect, sense
of predication

Concurrence
e Se o

Integration of
various sensory

information \\

External factors
Sight, hearing, touch,
smell, etc. physical
information

Physical
components
Sense of self existence

Physical senses, sense of
self motion

Image recall

(A

Sense of interactivity
Sense of interaction with
objects or other people
Emotion
leasure/displeasure

Internal factors

Past experiences, learning

Association from information

impressiol

Fig. ' Presence indexes (components and factors)

are provided in a complex manner synergistic
effects can be obtained. On the other hand, if
several of these sensory components are miss-
ing, or inconsistent with each other, this can
also sometimes lead to the creation of a unique
type of presence. For example, if a person ob-
serves or experiences a virtual stereoscopic im-
age, which has no tactile response even if
touched with the hand, this leads to the indi-
vidual feeling surprise. This can be thought of
as providing a type of presence to people which
is a virtual duality of “there is something there
that shouldn’t be”.

Next, let’s consider where presence comes
from and the factors involved. It is necessary to
consider external factors and internal factors as
factors that cause presence sensory compo-
nents (Fig. 1). Presence resulting from external
factors is presence which is based on physical
information from the external world which is
detected by visual, auditory, somatosensory
(haptic), olfactory, gustatory and other sensory
organs. On the other hand, presence resulting
from internal factors is presence that is gener-
ated in the brain based on memories of senses
accumulated in the brain through past experi-
ences and learning. For example, if an individ-
ual hears the sound of a wave, they may see the
scenery of the ocean, however this is a sensory

in memory

image recalled from past experiences. In addi-
tion, people can also recall vast amounts of im-
ages from text information as when an individ-
ual reads stories or poetry.

It can be thought that not only do people
analyze information from the external world
and store it in their brains for recreation in this
manner, but that they can also use information
accumulated from learning and experiences to
interpret and supplement information from the
external world to create that sense of existence.
This shows just how important it is to refer to
how to increase presence by drawing on infor-
mation stored in the brainwhen constructing an
ultra-realistic communication system.

2.2 Presence evaluation methods

How can accurately measuring and evaluat-
ing presence, which is composed of a variety of
sensory components, be accomplished? There
are five methods for measuring presence as felt
by people, 1) subjective evaluation (impression
rating), 2) psychophysical evaluation, 3) brain
activity imaging, 4) biosignal measurement and
5) behavioral measurement. The characteristics
and merits/demerits of each of these evaluation
methods are shown in Table 1.

Subjective evaluation is normally a method
whereby subjects self assess their impressions
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in response to presented words (adjective pairs,
etc.). Impression rating can be easily carried
out using only questionnaires and no special
measuring equipment. However, it is not nec-
essarily easy for one to accurately introspect
(consciously make) impressions that they are
perceiving. Therefore, it is necessary for sub-
jects to be strict in their selection of words in
preliminary tests, etc. and data must be statisti-
cally analyzed to obtain the highest reliability
possible. In addition, when carrying out precise
sensory evaluation, practice and training is also
important to ensure that stable reactions are
displayed when subjects are faced with specific
stimuli.

In contrast, psychophysical evaluation is a
method whereby people’s response characteris-
tics to physical stimuli are quantitatively mea-
sured. For example, “point of subjective equal-
ity”, where a subject displays the same feelings
under differing presented conditions and “just
noticeable differences” where a subject begins
to display different feelings can be found as
physical numerical values through carrying out
psychophysical experiments. When using psy-
chophysical evaluation, it is also possible to
deepen subconscious processes, and obtain
quantitative and highly reliable results by link-

ing with the physical dimension. However, it is
difficult to manage this physical link with high-
er order cognitive senses through the psycho-
physics method.

On the other hand, a method based on the
brain activity imaging method can also be con-
sidered as a method where presence is directly
measured. In recent years non-invasive brain
activity measurement technologies have devel-
oped quickly. For non-invasive brain activity
imaging there are fMRI (functional magnetic
resonance imaging) and NIRS (near-infrared
spectroscopy), which handle changes in the
blood flow (metabolism) of the brain, and EEG
(electroencephalogram) and MEG (magneto-
encephalogram) which handle neural activity
as magnetic changes. In addition, biosignal
(heartbeat, galvanic skin response, breathing,
pupil diameter, etc.) and behavioral (eye move-
ment, accommodation, body sway, bodily ac-
tion, etc.) measurement methods can also be
useful in order to handle unconscious changes
that occur in a person’s body.

As summarized in Table 1, each of the pres-
ence evaluation methods has their own charac-
teristic advantages and limitations, and there is
no perfect measurement method at present. As
such, it is necessary to select these methods as
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appropriate to the evaluation targets and objec-
tives, and integrate multiple methods in order
to improve measurement and evaluation reli-
ability.

3 Large-field 3D image brain
activity evaluation technologies

There is a desire for the development of
evaluation technologies that objectively and
quantitatively evaluate what effect 3D images
(binocular disparity images) have on human
beings. The authors are developing technolo-
gies for evaluating the effect of large-field 3D
images on humans using fMRI brain activity
imaging. In general, if images are presented in
a wide visual field, presence greatly improves,
and senses of surroundness and immersion are
invoked. On the other hand, watching images
with very sharp movements on a large-field can
increase a feeling of discomfort called visually-
induced-motion-sickness.

In order to evaluate the positive and nega-
tive effects created by these large-field 3D im-
ages, a device for presenting large-field 3D im-
ages to subjects is necessary. However, on MRI
equipment up until now, it was only possible to
present images of a narrow horizontal visual
field of about 20 degrees. This made the area
around the head of the subject extremely tight
and this is because there was not yet any tech-
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nology for generating large-field 3D images.
Generally, watching high definition (HDTV)
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sual field of view of 33 degrees. As such, it was
not possible to recreate the viewing environ-
ment of a standard television inside of an MRI
machine up until now. Further, for giant screen
theaters (IMAX®) where viewers can enjoy
very powerful images, the horizontal viewing
angle from the center seats is approximately 70
degrees. The recommended horizontal viewing
angle for the images for the super high vision
currently being developed by the NHK Science
& Technical Research Laboratories is 100 de-
grees for the most effective viewing. Present-
ing this type of large-field image to a subject
and carrying out fMRI brain activity imaging
has been impossible up until now.

In response, the authors of this paper have
developed the technology of a super wide angle
ocular lens which will allow viewing of images
inside of an MRI machine at a horizontal visual
field of 100 degrees (Fig. 2)21. In general, MRI
generates a high magnetic field, so LCD panels
and other magnetic bodies cannot be taken in-
side an MRI unit. However, even if the area
around the head is a high magnetic field (3 Tes-
la which is 70,000 times the standard geomag-
netism rate), the magnetic field drops drasti-
cally in corners of the room (to about 0.0005
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Tesla). Here we places 2 projectors, one for the
left eye and one for the right, in the corners of
the room in magnetically shielded boxes, and
used a super telephoto lens to project the im-
ages onto a small screen (13cm width) inside
the MRI machine. Having the subject view this
screen through the super wide angle ocular lens
provides them with a horizontal visual field of
100 degrees. The lens materials were carefully
selected so as not to cause any noise in the
brain activity images. In addition, this equip-
ment allows for obtaining the eye movement of
the subject from both eyes. Measurement of
eye movement was accomplished through re-
flection of several small mirrors by 2 CCD
cameras installed behind the subject’s head and
analyzing this movement in real-time.

The results of the fMRI brain activity imag-
ing on the effects of the 100 degree horizontal
viewing angle on the brain of using this large-
field 3D image evaluation equipment are shown
in Fig. 3. For this experiment, a video of mul-
tiple randomly placed dots moving back and
forth was used for visual stimulation. The left
of Fig. 3 shows the regions of the brain acti-
vated by the 3D viewing conditions vs. the con-
ditions with no image shown. As the horizontal
field of view of the image was increased from
25 degrees, to 50 and 100, the visual cortex
(each region of V1, V2, V3 and V3A) in the
occipital region of the brain was seen to be ac-
tivated in a larger range. This is because the

visual cortex neurons have a receptive field
relative to the position of the retinas. The right
of Fig. 3 shows comparison between the acti-
vated brain regions when 2D images and 3D
images were shown (with a horizontal visual
field of 100 degrees for both). These results
show that when viewing 3D images, the region
from the occipital to parietal regions of the
brain was strongly activated. The results of this
experiment show that the brain regions activat-
ed when viewing a large-field 3D can be accu-
rately measured using fMRI brain activity im-
aging with the equipment we have developed.

Hereafter, we plan to clarify the details of
the positive (the sense of 3D, immersion, etc.)
and negative (discomfort, visually-induced-
motion-sickness, etc.) effects on the brain by
large-field 3D images through researching the
corresponding relationships between brain ac-
tivity and psychological reactions when watch-
ing large-field 3D images.

4 Quantitative and objective
evaluation of presence

We have explored the perceptual and cog-
nitive mechanisms created by presence from
various sensory information using quantitative
and objective evaluation methods; for example,
psychophysical experiments(3] and brain activ-
ity imagingi4] on perceived surface quality
(glossiness), neural correlates of imagery in-
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duced by ambient sound(s], brain activity im-
aging related to dynamic stereophonic soundiel,
brain activity imaging related to naturalness
and unnaturalness of images(7], psychophysi-
cal experiments[g] and brain activity imaging[9]
on visual-haptic integration, and psychophysi-
cal research on the effects of contact sound and
smell on haptics[101[111.

An overview of psychophysical experi-
ments on perception of glossiness is given be-
low as an example of presence evaluation.

In general, when a 3D image is viewed,
people perceive not only the depth and shape as
more realistic, but also the surface quality of
objects. This can be because the images sup-
plied to the right and left eyes are slightly dif-
ferent, and the perception of the glittering and
roughness of the surface are improved. In addi-
tion the perceived surface quality of a 3D im-
age using a multi-view method which allows
viewing of 3D images with the naked eye by
presenting large numbers of parallax images is
different from a two-view method where spe-
cialized 3D glasses are used. This is because
for the two-view method the viewer receives
image information from only one viewpoint

even if looking at the 3D image from different
viewpoints and positions, whereas for the
multi-view method the image can be viewed
from different viewpoints by moving one’s
head (for example, an image looked at from the
left of an object and an image looked at from
the right). Actually when moving one’s head
and looking at an object’s surface, the reflected
light from the surface changes, and one may
feel that the glossiness has increased.

The authors quantitatively measured in the
psychophysical experiments to what degree the
glossiness of an object’s surface changed when
an image of the object was dynamically
changed and when different information was
provided to both eyes(3]. In this experiment a
two-view 3D display (time-division system us-
ing shutter glasses) was used, and a multi-view
condition was imitated by having the subject
move their heads with tracking their head
movements in real-time (Fig. 4 (A)). As shown
in Fig. 4 (B), a CG image of a textured flat ob-
ject was used as visual stimuli. In experiment
1, the difference in glossiness for monocular
vision was compared for dynamic conditions
where the changes to the viewed image were
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simulated when viewpoint changes and static
conditions where the object image doesn’t
change (Fig. 4 (C)). In experiment 2, glossiness
differences were compared under binocular
disparity conditions (stereo conditions) and
conditions where the same image was shown to
both eyes (flat surface conditions). In experi-
ment 3, compared to the monocular view con-
ditions in experiment 1,dynamic and static con-
ditions in the case of binocular view were
compared. (Results of the experiment 4 and
other controlled conditions are omitted here.)
The glossiness perceived by the subjects
was measured using two types of psychophysi-
cal methods, the magnitude estimation and ad-
justment methods. In the magnitude estimation
method, we had subjects evaluate glossiness of
the test condition with glossiness of the refer-
ence condition set at 10. In the adjustment
method, we had the subjects adjust the glossi-
ness parameter (the specular reflection rate) so
that perceived glossiness of the reference con-
dition and test condition were the same.
Results of the psychophysical experiments
are shown in Fig. 5. The top row shows the re-
sults of the magnitude estimation method (the
rating task) and the bottom row shows the re-
sults of the adjustment method (the matching
task) . The results of experiment 1 show that

compared to the conditions of looking at a dy-
namic image, in the conditions of looking at a
static image the evaluation of glossiness was
lower and the same glossiness could not be ob-
tained without raising the specular reflection
rate. The results of experiment 2 show that
compared to the conditions of looking at an im-
age with binocular disparity, in the conditions
of looking at a flat image the rating value of
glossiness was lower and the same perception
of glossiness could not be obtained without
raising the specular reflection rate. The results
of experiment 3 show that even with the added
binocular disparity, compared to the conditions
of looking at a dynamic image, in the condi-
tions for looking at a static image the rating
value of glossiness was lower and the same
perception of glossiness could not be obtained
without raising the specular reflection rate.

To summarize these results, the movement
of an object increases perception of glossiness
(Experiment 1), the binocular disparity increas-
es perception of glossiness (Experiment 2), and
that if a object surface with binocular disparity
moves, perception of glossiness increases even
more (Experiment 3). This means that the per-
ceived glossiness of an object surface on a two-
view 3D display increases from the perceived
glossiness on a flat display and that the per-
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ceived glossiness with changing the viewpoint
on a multi-view increases even more. As shown
above, the difference between perception of
surface quality under different presentation
methods can be quantitatively measured
through psychophysical experiments.

5 Future issues

The following three items can be put forth
as future issues on perceptual and cognitive
mechanisms of presence and its evaluation
techniques. First, we need to further clarify the
meaning of brain activities by measuring brain
activity and the psychophysical and behavioral
responses when presented with given sensory
information and analyzing the corresponding
relationships. This process will lead to the es-
tablishment of methods that allow for evalua-
tion of improved presence and increased dis-
comfort through measurement of brain activity.
Second, we need to find conditions for improv-
ing perception of presence through quantitative
evaluation of presence using psychophysical
experiments. It can be thought that these types
of quantified technology requirement will be
extremely significant for the future develop-
ment of ultra-realistic communication systems.
Finally, we need to seek to exceed the presence
provided by physical information through uti-
lizing human perceptual and cognitive mecha-
nisms of presence. We believe this can be
achieved by effectively using functions for
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generating, associating and predicting sensory
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We plan to continue to pursue research from
the above three viewpoints hereafter.
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This paper first described the evaluation
indexes, i.e., the components and factors, and
the evaluation methods of presence. Second,
as a presence-evaluation technique, we de-
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ogy which can measure human brain activities
when large-visual field 3D images are shown.
We also describe the quantitative evaluation
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pecially glossiness, and the results of experi-
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jective and quantitative evaluation technolo-
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systems.
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