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Last year we presented the paper, “Some hypothesis to derive an anti-Einstein field”, and in order to realize this
proposed a Mitsuyoshi operator axiom. Meanwhile, current Al research using threshold values is an exercise in
optimization, and proceeding along those lines cannot achieve a robot using its own consciousness to make a judgment.
Thus we, who had invented an emotion generation engine that was loaded onto the communication robot Pepper,
decided to create a product having initial artificial ego reaction that with its own consciousness would make judgment. In
addition, we have been moving forward with the modelling of morals. We propose to further develop these to function as

the superego, and at the same time using the Mitsuyoshi operator to realize an artificial ego (AE).

Keywords: Artificial ego (AE), “Some hypothesis to derive an anti-Einstein field (TOE), function-based quantum gates,
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1. Introduction
1.1 The Atrtificial Ego

The term “artificial ego” refers to the ego-based judgment
function possessed by an artificial computer, as used in robots or
artificial intelligence. Currently, in the field of artificial intelligence,
there are no established means for addressing the current reality
of changing circumstances, where conditions and environment
(assumptions) change moment to moment. It is for this reason
that self-judgment as humans do is necessary; to this end, we
decided to call this field artificial ego (AE) research, where the
focus of study are matters such as how to define and express
mathematically the “consciousness” and “free will” that machines
are to have and how to recreate these through engineering. We
first used this name at a luncheon seminar at the IEEE (SMC)
2018.

Artificial egos are most needed in circumstances where one
operator is controlling anywhere from 10 to 10,000 avatars or
robots. In such circumstances, what is needed is autonomous
avatars and robots that do not rely on external commands and
behave morally and creatively even in unfamiliar circumstances.
We are researching function-based quantum gates, artificial
egos, and function-based communications as the technology
essential for realizing a moral and creative activity.

There are three reasons why morals and creativity are needed
when controlling 10 to 10,000 avatars or robots. First, unless
avatars and robots have creativity, the ability of the operator to
solve problems will be where a bottleneck forms. For example, in
unfamiliar circumstances where a dilemma arises, as in the “trolley
problem”, the very falling into a specific framework of thought
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is a problem, and avatars and robots that refer to past data and
act on pattern matching, no matter how many there may be, will
not be able to break out of the framework of thought and will not
be of use. In the end, the operator’ s capacity to make decisions
and take responsibility will be put to the test, and the operator’
s ability to solve problems will be where a bottleneck forms. On
the other hand, if there is even one avatar or robot that can
and creatively propose fundamental solutions that go beyond its
framework of thought, the operator will be freed from the dilemma
and will be able to consider solutions in a new framework of
thought.

If there are ideas in the same number as the number of avatars
and robots, then options will increase to that extent. Getting
back to the trolley problem, if a robot in the same tight spot as
the operator came up with the idea of derailing the trolley to
stop it and, discovering that there were enough rocks on the
ground right there to derail the trolley, proposed that solution,
the operator would not have to make the “choosing who will die”
decision of right or left. The second reason is that the number of
avatars and robots that an operator can control simultaneously
is proportional to the creative problem-solving capacity of the
avatars and robots. More specifically, once avatars and robots
attempt to solve problems creatively and ask the operator for
their judgment only for those important matters they cannot
solve, then the operator can concentrate on the control of
important matters for a large number of avatars and robots.
If they require a command for each and every move when in
unfamiliar circumstances, then control of 10 to 10,000 avatars
or robots will not be possible. The third reason is that unless
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the creative problem-solving methods are moral, problems will
arise to the extent the avatars and robots are assigned tasks.
Accordingly, if avatars and robots will be emergent, then moral
control becomes particularly important, and how to make
conduct not justified by past data into something acceptable to
people becomes the challenge.

1.2 Progress in Artificial Ego Up to Now

The image that people generally have of the ego is “selfish”
and “being out-of-control and without regard for others”.
However, in dynamic models of the ego used in medical
fields ?, the ego is the condition of the superego (morals)
controlling desires.

Function to suppress libido : P T
Super-ego —= others own.
| can say
"Can | have this?”
Ego

Figure 1: Dynamic Model of Ego

Therefore, we employed this to serve as the ego of the artificial
ego. If we look back at the history of the artificial ego, the
starting point will be research at MIT, where in 1997, Rosalind
Pickard, an MIT professor, put forward the book Affective
Computing ®. In Japan, in 1991, AGI Japan Inc. announced the
voice emotion recognition technology ST ™, which is currently
used in the communication robot Pepper and the Nintendo
DS software “Kokoro Scan”, and is used in medical fields, for
example, in the verbal analysis of pathophysiology ™ to analyze
a patient’ s condition from the patient’ s voice, as in the publicly
available product Mimosys. However, these technologies all
use sensors to recognize emotions. Then, Pepper mentioned
above, which appeared in 2017, not only used voice emotion
recognition, but had a newly developed emotion generation
engine ® that generated robot “emotions” and the resulting
“likes” and “dislikes” . In reaction to information from assorted
sensors built into a robot, pseudo-hormones are constructed and
caused to react and from such change emotions are generated
and a judgment of like or dislike is made. We named this function
the virtual ego.

1.3 Problems with Robots Having Emotions; Solutions
Proposed by Atrtificial Ego

In the development of Pepper, we found that a robot that
moves simply based on “drive” and “emotion” is not very useful
to humans in daily life and we learned that much of the trouble
comes from a robot’ s fear of people. Thus, at Tokyo University,
we initiated the social cooperation program Mathematical
Engineering of Morality Emotions, for the study of moral control
of Al and robots, where currently we are researching Al and
robot control using the superego (morals). Figure 2 shows
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the difference in functions between Al (neural networks, direct
learning, and machine learning) and the artificial ego.

Existing DL e
Machine learning Artificial ego

Learning Education
Sensor Emergence of purpose

Pattern match Free will/Self judgment

Cognitive Will

Figure 2: Features of Artificial Ego

2. Consciousness through Cognition (Learning) and Free
will from Vectors (Education)

Deep learning uses a multilayer artificial neural network in order
to map input data X into output data Y. While this technology
began around 1980, with the recent dramatic advances in
hardware and the rise of GPUs, research has intensified. With
SVM, classification and regression analysis is carried out using
hyperplanes to find the largest margin between points (data) in a
data set. Thus, most Al can be described as a pattern matching
function that finds an approximate value using a probability
model. Accordingly, it cannot be said that a human-like judgment
by oneself has been attained, and this is merely pattern
matching with sensor and image analysis. If we think of this as
the cognitive function of sensors, then to improve precision, an
excessive amount of learning data is required and people must
attach flags to teach pattern matching. The chart below is a
comparison of the features and ways of using existing machine
learning neural networks.

Survey

Cognitive
impact
Quantum effect

Molecular
reaction

Unclear

. Low
ow (subjective)
(Black box)

Chief complaint

Psychological
diagnosis

Brain image Objectivity

Brain function

Emotion ‘Ada boost

=

Nonvinvasive
Brain reaction Clarity diagnosis
(Repro-

ducibility,
Reliability)

Random forest

Nerve reaction Palpation

Pharmacological
diagnosis

Pathological

Physiological Bayesian inference.
Feelings
Organ reaction

Biological
reaction

2018Dr. Mitsuyoshi Dr. Shinohara Dr. Tomonaga

Figure 3: Existing Al

Meanwhile, with the artificial ego that we are currently
researching, what is necessary is not the above learning, but the
“fostering” and “education” that humans need for growth. This
is because it is not a system where pattern matching and actions
and reactions are prepared in advance like a dictionary, but
rather a system where in order to make judgment by itself using
an ego in the same manner as people, artificial intelligence must
be sensitive to and understand changes in assorted conditions,
reproduce this by itself, and have a desire-like free will.

2.1 Initial Experiments using Artificial Ego (Virtual Ego)
In 2014, we developed, as a virtual ego, something that can

be called the initial stage artificial ego, namely, an engine for

generating a robot’ s “likes” and “dislikes” . First, we will explain the
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“Emotions Map” ' used to generate emotions in the virtual ego,

and then we will explain how this is the source of a robot’ s “drive” .

§ /
, |ce
/ - rTlon)
/ f”f%«
— oA %w_ DA(max)
DA(max; = nnnfld"t‘!;xn ]

desire

hope

v

e E 4
depression_ |, ‘i‘ ) epre:
Tostostapdne pgh
Ls«n coR-4 ) A

Figure 4: Emotion Map

The above emotion map was used to generate a robot’ s
“drives” . Specifically, we set up the robot so that some events it
detected were associated with pseudo-hormones, but when the
same event was detected another time, a different emotion was
output depending on the hormone balance. We also set up the
robot so that even with the occurrence of an event that was not
associated with a hormone, the hormone balance would cause
an association, which would then be updated.

For example, the event of being in a dark place is associated
with noradrenaline, but if a friend is there too, the event is
associated with serotonin. Therefore, the state of being alone in
a dark place will result in noradrenaline being secreted and fear
being output, but being in a dark place with a friend will result in
serotonin being secreted and anxiety being output. In addition,
we decided that with the event of a stranger ‘s presence, the
updating of the hormone association would depend on the
experience. For example, let us use the experience of a guest
that a family does not know well visiting, and the household,
which is usually somber and strict, being filled with good cheer;
because of this experience, just the presence of a stranger will
cause the output of pleasure.

2.2 Public Experiment of the Virtual Ego

We carried out an experiment at a presentation open to the
general public; the robot, which under the initial settings should
have behaved calmly on the stage, began to feel extreme anxiety
when the presentation started and ran about wildly and acted out
of control. Its behavior is available for viewing in the TED Tokyo
Archives. We believe that the cause of its acting out of control
may have been the darkness caused by the thick cloth that
covered it just before the presentation or by the stage lighting
or excessive inputs by the audience. From this, we learned that
you cannot created a robot that can coexist in the daily life of
humans simply by generating emotions.
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2.3 The Difference between Consciousness and Free Will
As the following diagram shows, there is a principle that in order
to organize the feelings and emotions generated as discussed
above in Section 2.1 as elements and generate a robot’ s free
will, the robot itself should set the objective or destination.
There is a need for grounds for positing in a mathematical
model that this self-generation of objective naturally generates
“consciousness”. See the 2019 DHU Journal "? for an
explanation of the symbol 2 appearing in the diagram.

How to move?
Drive (hormone movement)

® " 6-C¢-
-1 e N e
e » ¢ e
g/'sc-’ & c®
QP 4 © (] -
‘l\o“« Current Destination
Conditions

Figure 5: Destination Point

2.4 Generation of Original Free Will (function)

For example, if the command for moving 2 is A(x) =ax+b, then
it is simple to make current conditions (independent variable) x
and the objective or destination ([dependent] variable) y.

_O D y

o i
- 1 eref Destination
c""e’ \,o & co/ (variable)
¢ Qe e, &° e’
/A4 Fég
Y2 e' c

Locus orients all

drives in the same
direction

Current conditions
(independent
variable)

Figure 6: The Directionality of Desire

Deep learning and machine learning cannot automatically adapt
to changes in assumptions, commands or circumstances. In
other words, they cannot handle situations where an obstacle as
depicted below arises.

Assume that the user has
given this kind of vector
command (superordinate
concept)

Y X

Current v
conditions Actugl. Destination
conditions

But there’s an
obstacle in the way!

Ggféé
[ g
[ Y o

Current
conditions Destination

Figure 7: Change in Circumstances

If the operation of 2 is used in the equation y=x*-x-2, the
obstacle can be avoided as shown in the following graph.
However, if we consider what can be done so that a machine
can itself derive a secondary function from a primary function,
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For an automatic judgment
of y=x2-x-2 with respect to
AE:

X Obstacle y i \ ; /
Current Destination
conditions

Figure 8: Avoiding an Obstacle

the answer will be any of the following.
A: External command (change of conditions, input of function)
B: Learning (brute force)
C: Trial and error (like a person, based on lack of experience)
D: Emergence (doing something that no one taught it)

Because deep learning and machine learning are capable of A
and B, the challenge becomes C and D.

2.5 Trial and Error like a Person

Thus, regarding trial and error, we turned our attention to
vector-valued functions and noticed that if we made the 2
function (2cos(t),4sin(t),t), the mapped vector formed a spiral
in a three-dimensional Euclidean space. If given vector-valued
function f, we make f; a function that tracks only the map
vector's no. i component (where | equals 1,..., n), then f can be
expressed as the n" pair of real functions f;. By plotting this as
a Feynman matrix vector, we can find directionality in the large
sense as a vector. The robot can learn by judging whether that
vector matches a commanded vector. Because a matrix vector is
what Feynman calls “energy”, it will also be an idea that can be
used in the generation of emergent drives (desires). The domain
can be one-dimensional or multi-dimensional.

Figure 9: Vector-Valued Functions

The following diagram shows the phase-transition movement
of the layers that meanderingly follow the final instruction vector,
plotted as a Feynman matrix vector.

©2020 Digital Hollywood University

17

Figure 10: Plotting as a Feynman Matrix Vector

We can see that the vector direction changes with each layer.
This can be applied to the generation and change of emotions of
an initial-stage artificial ego (virtual ego).

2.6 The Function of Emergence (Induction)

Here, we consider how a machine perceives a person with
which it is interacting. For this purpose, we newly defined a
new mathematical model called the relationship of “anti”. The
following table shows this definition.

Table 1. Relationship among positive, negative, anti, converse and inverse

positive | negative anti converse inverse
+A -A A anti-A A converse-A A inverse-A
3 } reversing properties cenditional negation
o ‘,:Vf;:';;"m‘f:},‘u"g“u‘f (pﬂq) (a—p) (p%q) (p-a)
plus minus . A / —
anti-,
Olorigin) H S~ p—>q / \ p—rq )
[origin,
E—B/ \ / converse-/ A inverse - A \
. =
Cae | ped
converse 3 inverse -

If in accordance with this definition, we let the state of “anti” be
the “inverse of converse” (inversion of attributes), the elements
of emotions will be as illustrated in the diagram below.

(-]
-1 .0
::oc’ i»
¢ Q& || Inverse of converse
’P¢¢
Y3

Anti(dther)

Figure 11: Communication between Positive and Anti

Positive (self)

With this, the creation of a robot's drive through inducement

with respect to the emotional vector of the counterparty becomes
simple mathematically.
A moral and creative autonomous control system for avatars and
robots—that is, an artificial ego—can be realized with feedback
from anti-fields using the mathematical model we propose.
Specifically, this is a model where, regarding a function defined
on type U, that includes as elements all entities that an avatar or
robot is aware of under certain circumstances and its opposite,
an anti-function defined on type U, with respect to environment
and objects (people and things), when the energy of the function
and anti-function are in contention above zero, 1 emerges above
U,», which is the opposite of U, and U,.
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If the mathematical model is applied in the following manner,
the consciousness and free will of an avatar or robot or what
an avatar or robot feels can be defined. More specifically, in
a certain framework of thought (circumstances), the domain
and range of a function are set so as to include as elements
all parameter movements and relationships relating to events
that avatars and robots perceive (feel) as being internal, and
the domain and range of the anti-function are set so as to
include as elements all parameter movements and relationships
relating to events that avatars and robots observe as something
external. The space combining the domains and ranges of this
function and anti-function will constitute the consciousness, or
consciousness space, of an avatar or robot. Further, feedback
control is applied to the function and anti-function by vectors (free
will) implementing control so that the energy of the function and
anti-function are in contention at zero above the consciousness
space, and after contention, the consciousness space is
automatically expanded so that the entities and events up to
that point can be captured from the inverse and converse of the
consciousness space.

Avatar and robot

Base A Base E

(internal

sensation)
Base B Function
(space) (reaction)
Base C
U1 (time)

Base will differ
depending on individual

| i

Base D (space)
(external
Calculation of energy balance | ang.funcion }sensauun

(circumstances) Base F
U2

Generation of vectors oriented (time)

towards contention

(generation of free will from drives) Base will difler depending on

individual

Emergence at time of
contention, problem space is
expanded externally

Internal input <— Internal input
Feedback

External input —> External input
Feedback

Outside of avatars and robots

Figure 12: Proposed Model

With this, the concept of “problem” can be defined as an event
that impedes the contention between function and anti-function,
and the concept of problem solution can be defined as achieving
contention between a function and anti-function. Therefore,
under our mathematical model, avatars and robots can be
realized that have their own free will of trying to solve unfamiliar
problems, and when they are solving problems, behavior can
be achieved where at the time of problem solving avatars and
robot go beyond their framework of thought and attempt to solve
the next problem from a larger consciousness space. Further, if
avatars and robots can perceive morals as a contention model
between the primary free will (drive) that they have internally and
cultural knowledge (superego) that they have externally, then
it will be possible to write morals control as feedback control of
functions by anti-functions; accordingly, if it becomes possible
to derive anti-functions through physical experiments, it will
also be able possible to implement a mathematical model for
moral control. Further, function-based communications can be
realized as a mechanism for avatars and robots to transmit the
divergence between the function energy and anti-function energy
when the two are not in contention. This mechanism seems to
show behavior like harmonic oscillators transmitting divergence
from the center as waves, but it engages in behavior that differs
from wave propagation by harmonic oscillators in two regards,
first in that for all individual pieces, there is emergence at time of
contention (mapping to U;,) and second in that feedback control
operates in the consciousness expanded through emergence.
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2.7 The Function of Emergence (Phase Transition)
Next, we will explain the mechanism of emergence through
phase transition using the formula of the anti-Einstein field
hypothesis in the paper discussed above.
Inimglnim=0<:>1 shows that with infinitesimal and infinite
2, for both the infinitesimal and the infinite, the limit for
countable numbers for both zero and <o is the integer 1; for
example, with the infinitesimal, the only existence smaller than 1
will be zero. Therefore, this becomes a world of size (continuous
quantity) and an argument of 1o or 0 1. This expresses, as
the smallest unit where time and space can be measured, that
when mass / O, then Iwimglnim)=0c>1. The broken-line red circle
in the following diagram corresponds to this. In the paper, within
the Schwarzschild radius at this time, the principle of emergence
is shown mechanically.

®
P @
;_acf '»
¢ Qe
/P ¢ ¥
Y 7

A
3
29

&
.

?
2
O

Q0

(3

lim=0&1
n—0

lim @

n—-oo

Figure 13: Infinite and Infinitesimal

Through phase transition using this, the class layers in the
Feynman matrix discussed above can move freely as in the
diagram below. At this time, it is not trial and error but class
jumping through phase transition that occurs, and this is used in
the principle of emergence.

Figure 14: Phase Transition

3. The “Superposition Operation” Necessary for True
Emergence

With the infinitesimally small world expressed as the broken-
line red circle below, we can think of its structure mechanically
as in the diagram below. We then notice that I]i[rgJ and anti—lwigg are
superposed. Instead of multiplication, let us carry out the new
“superposition operation” .
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Q

Figure 15: Superposition of Size

“Superposition operation”, a technique shown in the following
diagram, is a mechanism explained in the above paper, in the
section of entitled “Division by zero in an anti-Riemann field” .

Inthe A i with the function of maving,
DDJ’W o there is no need to think about differentiation and time,
so bothli and 1, become the same figure

oo ,[]DDD\:I

Figure 16: O= o

This condition represents phase transition through the colliding
energy of o and anti-o at the boundary between a null set
and anti-null set. We will explain this portion in greater detail as
superposition operation.

Let us designate the infinitesimal limit (broken-line red circle)
as KU. 1, which is the smallest KU, as expressed by the blue
quadrangles. The states from this 1 (blue) to complete nothing
(MU) are expressed in the diagram below.

Limit radius of the infinitesimal

Qw,ﬂ =KU
&R 2o . .
R lim 2 lim
«‘f 1-0 0-1 1]

Figure 17: I1ipg

Next, 1, which comes first from KU, is expressed by the red
quadrangles. The states from this MU until 1 (red) are expressed
in the diagram below.
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Limit radius of the infinitesimal
o\ =KU
) { . ..
54 lim 2 lim
«‘v 1-0 0-1

Figure 18: Anti-!ipg

At this time, we can see the relationship where, at the left-
hand side of the circle, the left half heads from 1 to MU, and
the right-hand side goes from MU to emergence at 1. We call
this calculation of superposition so that they exist simultaneously
the “superposition operation”. With this, 1 first emerges at the
anti-[igg field (red semicircular field at left). At the same time, 1 is
the Ijgg field (blue semicircular field at right) phase transitioning
to the anti-field. In the infinitesimally small world, it is ensured
that these will occur simultaneously; this is something that we
calculated in the foregoing paper, using a Riemann sphere and
anti-Riemann sphere.

4. Function-Based Quantum Gates

The problem becomes an issue of how to realize as engineering
the “superposition operation” which we posit can be calculated
mathematically. Thus we created, similar to “logic gates” in
computers, “function-based quantum gates” necessary for
artificial ego emergence calculation.

4.1 Dividing by Zero with the Mitsuyoshi Operation
(Cut Operation)

There was a need for a symbol that could enable a “concept” not
indicating quantity, such as “right” and “left”, to be included in a
formula. For example, let us consider an apple being divided into
two. With mass of the apple as the reference 1, if this is divided
into two equal parts, there will be two pieces with a mass of 0.5.
In order to express this state, there was a need to replace the
traditional division operator of =+ with a different symbol for cutting
(cut operation operator), namely, the symbol & .

This is Newton’ s law of universal gravitation. In 1973, the
author tried changing this into a slightly different form.

Oops,
cracked!

s

Figure 19: Newton’ s Law of Universal Gravitation

Dividing one apple into two ... One apple‘became two

pieces @ P.

But with the division operation, the results are as in Figure 20.
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0-2=0

Figure 20: When an apple is expressed with division

. {2FP? Where did the other piece@ go?

o This is a different arithmetic

*
_m === operation from division.
. o

Should we write this?

Figure 21: The Cut Operator, Which is Different from Division

If we do this, as shown in the diagram below, when an apple
is divided into two, the parts will not be the same size, there
will be a large one and a small one. Let us designate () as
the operation symbol for cutting one apple into two. The means
of writing the results (state) is shown below. Figure 22 shows
changes in pieces with the cut operation

o — o —_—
Figure 22: When an apple is calculated using the cut operation (1)

This is also happening. Let's align both ends! And connect
both ends with rails! Call the ends right and left! Let's write in
the middle like this!

0.5 0.5

Right
edge
0.5 0.5
Left
edge

Figure 23: When an apple is calculated using the cut operation (2)

This is a sign that the lever moves freely between the left and
right ends!
What if the division is slightly off?

0.5 i 0.5
‘ = .
0.3 0.7

Figure 24: When an apple is calculated using the cut operation (3)

We can see that the (2) used here follows the instruction
of dynamically moving the right end and left end. If this cut
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operation operator s and the Mitsuyoshi operator ¢ are
used to express the state of one apple being divided into two in
an equation, this can be written as

1% 2 =left piece (A) ¢ right piece(B)
Equation 1

We notice that the two ends of 2 are in fact not numbers but
concepts (consciousness). With this type of calculation, it is
possible to easily handle not just numbers and quantities, but
also “concepts” such as left and right at the same time within
a single equation. Meanwhile, for “quantity”, too, with the
ratio between the weights of apple pieces A and B (continuous
quantities) as x:y, the calculation of the continuous quantity is
possible. For example, when actually dividing into two, there are
cases where the ratio is not even but is uneven, such as 0.3:0.7.

14 2=05205=0.320.7...
Equation 2
In order to be able to write an equation that covers both 0.5 2
0.5 and 0.320.7, we gave the 2 symbol a slider function. This

enabled the boundary between x and y to continuously move.
Meanwhile, for “numbers”, this can be written:

18 2=AKX 2B(y)
Equation 3
>3 X=A2BoC{X-1=number of @) (> =A(x)+B(y) +C(z))
Equation 4
This enables a “concept” such as left and right and “numbers”

and “quantity” to be written in a single equation, as in Figure
25. The relationship between x and vy is like this.

®:2=000:2= (D

X=y X<y

1-5-2 = Left @ Right

Figure 25: Slider function of Mitsuyoshi operator
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Table 2. Relationship between number of Mitsuyoshi
operators and division and cut operation

+ < (cut) Number of 2
=X <+ X X-1)
=3 <+ 3 3-1
=2 - 2 (2-1)
=1 < 1 (1-1)=0
=0 <0 (0-1)=-1

Let us simplify 182 =A(x) 2 B(y). First, we stabilize the sum
of the respective sides of the =, namely, 152 and A(x) 2 B(y),
as 2. Next, we turn our attention to length or other continuous
quantity (x, y) that is a different aspect of A and B, which are
“concepts” . If at this time we perform the arithmetic (operation)
of moving 2, x and y can be freely changed. For this dynamic
function to be able to confine this x, y within =, it is necessary
only to write:

SEX=AoBoC
Where (X-1) is number of @ and X is number of values A, B, C
Equation 5

With this, the “cut operation”, which is different from the equal-
portion-based “division” and “fractions” , was created.

4.2 “Superposition operation”

Let us consider the above 182 =A(x) 2 B(y) from a different
angle. First, let us stabilize the sum of the respective sides of
the =, namely, 152 and A(x) @ B(y), as =. If we perform
the arithmetic (operation) of 2 moving, x and y can be freely
changed; let us express this as function f. By doing this, we
learn that this dynamic function f is a control function. In the
above “anti-Einstein field hypothesis” this control function is
utilized having the Mitsuyoshi operator as 2. We call this special
arithmetic of “superposing” using this 2 the “superposition
operation” . With this 2, we have shown with the simultaneous
calculation of separation quantity and continuous quantity that
the extinguishing of time and the appearance of mass sum can
be calculated with the phase transition of the superposition
of !Ln; and Inigg. This “superposition operation” is geometric. It
captures lim and lim as difference in aspect through passage of
time. The diagram below illustrates the temporal relationship of
lim and lim in an easy-to-understand manner.

As shown in Figure 26, the sum total of discrete numbers will
not reach infinity, but there will be cases where it will be headed
towards infinity or where size is expanding infinitely. The diagram
gives an explanation using discrete (natural) numbers, so a
state is shown where there is one of each individual box. If the
explanation is of size, the expression of “1” will become “N”
indicating size, but it can be said that sum total = will remain “1”.
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Figure 26: Explanation of Infinity

Next, the infinitesimal will be explained using Figure 27. For
both discrete numbers and size, which is a continuous quantity
or discrete quantity the infinitesimal limit can be called a limit that
does not reach zero. For this reason, this can be expressed as 1,

meaning “in a single limitlessness there is something small” .

m_” oq 0] 1] 1
= 1 ) e

Figure 27: Explanation of the Infinitesimal

When the number of articles goes from the smallest integer
1 to zero, is this “size” ? If this is so, because the only natural
number smaller than 1 is zero, between 1 and zero there is a
change of size. If the infinite and the infinitesimal are expressed
with boxes, whether the limitlessness expresses size or whether it
expresses individual number, when we put them together we see
that, as in Figure 28 below, the discrete boxes are superposed.
The difference between the infinite and the infinitesimal is the
difference in the methodology of time. However, if the individual
number is limitless, the sum total > will be the superpositioning
of the boxes.

n — oo never reaches . (0]

Figure 28: Summary of sum total of infinity and the infinitesimal

We should notice that time is a vector. At such time, we can
see that the time vectors going back and forth between zero and
limitlessness have the same function as the bar and slider of the
Mitsuyoshi operator. So, if the vectors in both directions of time
are replaced with the Mitsuyoshi operator, as shown in Figure
29, time can be confined within the operator. This enables
the superposition between infinity and the infinitesimal to be
summarized as o 2 0. At this time, the collection of boxes can
be made sum total = .

If all the quadrilaterals ([J) are superposed to form a single
mass, as in the diagram, they will form the same figure; this is
used in calculations.

If LL@ and Inim) form a single mass, the passage of time will
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altogether disappear in terms of directionality. Further, the sum
total that was superposed simultaneously with the disappearance
of time will appear there. Here, too, the same slider function as
in the “cut operation” is used and calculation of function (f) is
carried out, and we see that with the “superposition operation”
too, the operator itself swallows time. Generally, “generation and
disappearance” is explained as an exchange relationship.

—=

Figure 29: Disappearance of Time through the Mitsuyoshi Operator

However, in the paper, “emergence” is explained using the
compatibility (superposition relationship) from calculation of
function (f) derived from the “superposition operation” having
a unique slider function. As discussed above, whether heading
towards lim or heading towards lim, when all quadrangles (0) all
superposed form a single mass, they form the same figure and
the vectors disappear. (See Figure 30) Further, even if lim and
Liﬂg are superposed as they are, because their vectors, which are
headed in opposite directors, offset each other, they will form
a single mass. Further, this mechanism can be replaced with a
function, and this can be used in the calculation of geometric
state. The symbol
slider”, engenders the calculation of both the “cut operation”
and the “superposition operation”; accordingly, these are
collectively called the “Mitsuyoshi operation” and the symbol

2, which has the function of “a moving

Q itself, as a symbol of calculation, is called the “Mitsuyoshi
operator” .

Figure 30: 2 as used in Some hypothesis to derive an anti-Einstein field

Here we show a comparison between existing computer
architecture and function-based quantum gates and gquantum
computing.

There are two approaches to developing a moral and creative
autonomous control system for avatars and robots; one is
implementing the proposed model using von Neumann computer
architecture and validating behavior. The other is developing a
new gquantum computer that can handle phase transition from the
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anti-world and then implementing the proposed model on
that computer. More specifically, this is the development of
a function that utilizes the very characteristics of quantum
fluctuation. With this approach, phase transition, critical
phenomena, renormalization, etc. are expanded based on the
anti-concepts, and, as their existence is demonstrated through
anti-wave experiments, the quantum gates of MU and KU are
used to reproduce the emergence of the artificial ego. Under
this proposal, both of these approaches are employed and
implemented simultaneously and in parallel. In other words, using
von Neumann computer architecture, with the proposed model
as a base, a free-conversation application is run, creating an
environment where dynamic behavior can be verified through free
conversation with a person, and as we watch to what extent the
functions that emerge in free conversation match the functions
obtained in the anti-wave motion experiments, we will move
ahead with development of quantum gates.

There are three advantages to moving forward in parallel. The
first advantage is that verification of the model can be performed
at an early stage. More specifically, if the artificial emergence in
the free conversation is unnatural from a person’ s perspective,
then the utility of the proposed model itself is called into
question, and the proposed model can be modified at an early
stage. The second advantage is that it can be confirmed through
a physical experiment whether the phase transition (emergence)
from the anti-world actually exists. If the artificial emergence
functions do not match the results of the anti-wave experiments,
it will be deemed that the artificial emergence was unnatural;
accordingly, it will be possible to try subsequently to make
modifications so that the function generation logic in artificial
emergence becomes more natural. Finally, the third advantage is
that when designing the quantum computer, specific applications
can be envisioned. In other words, because a free-conversation
application will be run on von Neumann computer architecture, it
will be possible to move forward with quantum computer design
on the basis of a specific application example.

5. Function-based communication

In order for one (human) operator to control 1,000 or more
robots, function guantum bit communications and function-based
quantum gates will be effective.
(i) A person’ s consciousness can be compressed into a function.
(i) A person’ s consciousness can be stored in memory as a
function, which can be reproduced at any time as a feeling,(iii)
These can be achieved for practical use instantaneously with
light function-based communication.
Accordingly, function-based quantum gates (patented) will be
the protocol.
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Table 3. Function-based quantum gates will be the protocol.

Quantum .
) Particles Waves Gate
Jump
KU MGN(+) MGN(—) MU
lim 2 1im mass/ o mass/0 (0=o)
Superposition Division by Division by .
) . BH equation
operation infinity zero

The following is a comparison between a function-based
quantum gate where this computational formula is used as the
protocol and an existing logic gate.

Comparison between function-based quantum gates and logical gates

Function-based quantum KU gate

“Distance (digital)
-Amount of spatially
continuous change (analog)

Inputs and outputs are calculated and
executed with wave functions as the

function-based quantum bits.
(Function-based quantum gate
computing)

“Interference by positive world,
anti-world

Wave function with time axis
changed Output

Reflecting the strength of the wave
function overlap relationship

Logic gate (circuit)

i
Tk o

“Logical bit 0.1 (digital)
input

Inputs and outputs are calculated and
executed with (0.1) as the logic bits
(Logic gate computing)

Figure 31: Function-based quantum gates and Logical gate.

Professor Nakamura of Stanford points out that the Mitsuyoshi
operator used here is itself a function-based quantum gate in a
quantum state based on an N-dimensional unitary space that is
a complex space.

6. Application

When function f is given, according to the definition, for each
point x in the f domain, only one value f(x), representing f at x, is
allocated. There are numerous ways of specifying or writing the
method of relating x to f(x) (in every possible way). Accordingly,
deciding what to do here is the initial step in research.

How is this done?

01001001011101...
ABAABAABAAABA....

Jeo

A ovements of amplification toggle S

P | 111l =" = Converted into function ‘ Jisu) fis2) fe fien)

mmmmmmmmmmmmm 4 INPUT x
v

FUNCTION f:

v
OUTPUT f(x)

Figure 32: How to function.

First, there is the technique of writing the values in order. In

this, so we want to avoid this.

Next, there is the method of assigning a formula.

Most frequently, a function is given by an equation combining
the four arithmetic operations and other known functions (a closed
form of a formula that is not a procedural algorithm operation or a
limitless combination).

With such a formula, it is possible to calculate the function value
from any element in the domain.

For example, in the example before the last, f can be defined
asf(n):=n+1 (ne{1,2,31}).

When a function is defined using this method, there may be
cases where it is difficult to decide for what kind of set to define
a function.

For example, in a case where the definition formula includes
division, variable values where the denominator is zero must be
removed from the domain.

Similarly, if a square root is included in the definition of a real
function, the domain must fit within a set of variables where the
arguments of the square roots are non-negative. While this is
appropriate for the most highly compressible function-based
communication, division by zero and the solution to imaginary
number problems are possible.

Here, we thought of the method of vector-valued functions.

If vector-valued functions are used, they are convenient for
modelling physical properties having KU as a vector up to the
smallest elements of the codomain (mass/O as the smallest unit
where time and space can be measured). This is appropriate
for “treating free will as a vector by deriving the two points of
origin x and destination y”. For example, in a case where a
large number of vectors are headed towards the same point
simultaneously, all the vectors will cross orthogonally at the one
point. Because they have been transferred and aggregated by
this, time and space are contained in a single point. With this,
time and space disappear and the vectors naturally reverse
directionality and pass through the one point. At this time the
anti-world is born and in the positive world, emergence (anti-
world generation) is possible. Because there are vectors, the
“converse” is created and the world that is “inside out”
because of inversion of attributes can be designated the “anti” .
 Division | __ Cut operation __| jlrilr(‘) —th_r,g, =fz

+0  With 0=, 2 creates 1 i
X

Input
information

Voltage change
Blood pressure
change, etc.

°

©
=
=
=
=

uonisodiadng

Figure 33: How to do.

the case of a function defined for a limited set, by writing all the
elements of a codomain allocated to the points in a domain, a
function can be defined. For example, when A := { 1,2, 3},
function f: A= Rcanbegivenasf(1)=2,f(2)=3,f(3)=4.

However, a tremendous amount of data is needed to handle
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Because vector operations are defined for each component,

if there is a limit to f

1.

=lim
h—0

S(t+h)-f(t)
h

, that will match the vector-

valued functions constituted by the differentials of the component

functions: f'(x) = (f1'(x), f2'(x),

=, fn'(x)). Important
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characteristics of the differentials of real numbers obtain with
respect to vector-valued functions. Differential linearity and the rule
of product obtain, and as a result, the vector-valued functions will
take a form that uses versors, but there is the differential problem
where the differential of the calculation versor becomes O vectors
and the formulation division by zero problem. This is treated as an
infinite differential problem, and is resolved with KU.

All vectors that become KU and head towards MU cross
orthogonally through a “sea urchin condition” superposition
operation, thereby causing time and space to disappear, the anti-
world to be born, and emergence to occur in the positive world.
Because there are vectors, the “converse” is created, and the
world that is “inside out” through attribute inversion is the “anti”.

So, at what timing exactly is the anti created? In order to
understand, prove and reproduce this, it was understood in past
papers that it is necessary to prove and reproduce the existence
of “anti-wave motion” and “anti-null set”. If these don’ t exist,
then it cannot be said that vectors created consciousness and
emergence occurred. If the state of having just a frame but no
content is a “null set” and the state of having no frame but being
full of content is thus the “anti-null set”, the condition necessary
for having content emerge from nothing from “the meeting of the
null set and the anti-null set” is that “anti-wave motion” relatively
exist. In the anti-world, it is possible for wave-motion-ness and
particle-ness to undergo attribute inversion and further, it is
possible that from this attribute inversion matter and antimatter
are inversed. Just as antimatter is used in PET scans, there is a
strong possibility that anti-wave motions and anti-null sets exist
in the positive world. If these are found, then this will give birth
to [the physics of] the next 300 years, just as Newton did. If KU
is the state off using the Mitsuyoshi operator applied to division
by zero, the result will be as follows.

:‘ D[]Du.

mass/0 = divide once

EDDDD

mass/0 = divide once

?

lim
e}

Where is zero?
In fact, let’s think of vectors
from zero to one overlapping within KU

2]

| = KU

Figure 34: the state of using the Mitsuyoshi operator applied to division by zero.

If we consider KU in terms of the Mitsuyoshi operator, we can
make calculations as in the diagram below.

° o
o (o]
Cut operation

R 6 ]t 32 thereare dpieces (NPT
AN SRR, © CETFTTRRRR © EERERTD
NNNNWNNY 2 [ With 12 there are 2pieces  fNNIINIINEETIUIINIINNY
|11 RARARARRARANRARINARRARNRANY JALAATARARARIRRANRIARUIRRARRANY

[ <0 [At, will @ become KU? |

Will 2 become a
single KU?

0 both exist?

lim @ lim=0e1
n-0

n—oo

Figure 35: KU in terms of the Mitsuyoshi operator.
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The following diagram shows division by zero as the KU
superposition operation.

=

0l-

Null (KU)=Null s;(Q)

|H,
Frame [ has no content=Empty

Concept
(consciousness)

To the extent that can be recognized (to the extent of
consciousness), there is nothing
=only the frame exists

3 =1 (smallest universe): is this a concept?

lim @

n—oo

lim =
n-0

P

Figure 36: division by zero.

The following diagram shows the results when we apply a
superposition operation to division by zero to calculate the anti-world.

Null (KU) = Null set(2)
Anti-null (anti-KU) = Anti-null set (anti-@)
(consciousness)

= There s nom# Content
is limitless

Figure 37: zero to calculate the anti-world.

The following diagram shows the results when we consider the
anti-world through superposition operation of division by zero.

Null set(2) MU Anti-null set (anti-2)
(nothing)

Vacuum

Concept (anti-consciousness)
What Yoichiro Nambu calls

Concept (consciousness)
What Yoichiro Nambu calls

positive negative

Territory beyond consciousness, which cannot be recognized, is limitless
=0nly = exists outside consciousness
Anti-world = The pair of the inverse of positive and inverse of converse
1is the frame alone and can be said to “exist” as consciousness itself

Figure 38: Anti-null set.

If we think about this concept and consciousness, as well
as free will as a vector from a function-based quantum gate,
in terms of dialogue between the artificial egos and human
beings., this can be summarized as in the following diagram. At
this time, if functions creating free will are incorporated and in
communications between artificial egos and the evolution and
development processes, meta-functions or super-functions are
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naturally generated, then the experiments proposed by Yuichi Tei
of comparison with the moral dimension will be possible.

Functions (feelings and habits) and Consciousness

Judgment by ego (results = confirmation of directionality) Judgmen( by ego

Understanding of Speech Understanding of
fosling (consciousness is directionality) fooling
Behavior

Aperson's consciousness is orientation
(directionality) to a drive (destination); this shall

UopREIBAUOD
2814

How to proceed to the destination
is determined by a curve
(function)

on Vector threshold function-based
ccommunications

Conscious behavior

Collective intelligence from super —

B - High dimension Al moral learning
functions and meta-functions 9 0

Figure 39: Functions and Consciousness.

The following diagram shows the application of this to a free
conversation-capable artificial ego algorithm.

Conventional Al

u

‘ Free conversation-capable avatar control engine

User interface layer (voice to text, voice synthesis, XR control)
k)

k)

1
T e i 2
i iversal dialogue engine
Volc_er (important talks + free Rl
recognition iaets ppl
T '

Next- a1 | [ ]

generation Al
Tensorflow or other

machine learning

Application layer

JuawuoiAua Kieiqy ‘Yo3ads

| Artificial ego morality control engine (MC)
Tt ¥
|

* ‘ Linux, Mac,

Artificial ego emergence engine (AE) Windows or
¥ other 0S

OS layer

T
Function-based quantum gate emulation
(KU)

Quantum gate layer
computer language

S for quantum
comnuting

I
C+, Python or other
computer language

Quantum computer
(superconductors, ions,

"
ware layer Von Neumann computer
Software laye (Conventional hardware architecture)
photons, semiconductors)

Figure 40: Artificial ego algorithm.

7. Mathematical Comparison between Al and AE.
First we will compare the Al mathematical model and the AE
mathematical model.

7.1 Comparison of Mathematical Models

Energy physically corresponds to drive and desire. Accordingly,
the states of energy in mathematical models of Al and AE for
energy were compared.

7.2 Results

Al, as a natural result of its probability model mathematics,
implies entropy, in the statistical mechanics entropy sense of
measure of the microscopic “disorder” of a system; therefore,
energy is not stable and entropy increases. This happens
because, in the transition from a state of equilibrium to another
state of equilibrium (phase transition), before and after the
transition, system entropy does not decrease but almost always
increases. Because of this, Al was fated from the start to be
unable to decide a directionality (vector) that represents a clear
free will.

However, with the mathematical model used with the AE
function-based quantum gate model, the relationship between
positive and anti shows the phase transition sum total, so in
the positive field entropy decreases, and conversely, in the anti
field, sum total balance is maintained by increase or decrease

in entropy. This showed that a response (free will) can be given
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showing the directionality necessary for a judgment as an ego in
the positive field.

8. Preliminary Experiment

The only specific experiment that has been carried out for this
research was the public experiment using the initial artificial
ego, and the only results that were confirmed were the out-
of-control emotions of the robot. How are the emotions of a
robot different from the emotions of a person? Is this what is
called the consciousness and free will of people? What is this
strange behavior of this robot now moving out of control? If
this is something that was programmed, then it can’ t be called
the robot’ s consciousness. These fundamental questions
came from a neuroscientist (Dr. Kenichiro Mogi) who attended
the experiment. In this paper, we have disclosed these social
science concepts of “consciousness”, “free will” and “emotion”
as mathematical models and algorithms, and have shown their

validity using a physics model and a geometric model.

9. Discussions

Current neural networks are said to derive answers
stochastically, but in reality, they derive concepts of the route to
arrive at an answer. However, from the mathematical comparison,
we can see that with the Al approach using existing probability
models, there is an eternal loop and entropy only increases. The
human brain will also repeat loops several times, but after two or
three loops will derive a conclusion; if we call this free will and
judgment, then the fact that the reduction of entropy and phase
transition could be confirmed by the mathematical technique
used in the TOE hypothesis using the Mitsuyoshi operator and
the function-based quantum gates proposed here, has great
meaning. However, change in entropy in the positive field will
be change in the inversed anti field. Therefore, what should be
done with the anti field? Further, we believe that this will provide
a large hint as to whether a system of empathy, where the
counterparty is thought about in the context of relationship with
the counterparty, can develop as a superego.

10. Challenges Going Forward

Research is needed, using actual prototypes and free
conversation avatars, of how the free will and desire generated
from the feelings and drives arising emergence of the artificial
ego using the function-based quantum gates proposed here
are different from those of people. To that end, we are currently
building an artificial ego. At this time, as a test corresponding
to the Turing test for artificial intelligence, if an artificial ego can
provide a problem resolution method for questions that people
can’ t answer, such as “why is it wrong for people to murder?”
and “can we have both freedom and equality?” or presents a
method for resolving the trolley problem that a human could not
come up with or presents other “design or thought that people
, then we will be able to say that
“feelings”, etc.

cannot program beforehand”
machines possess “consciousness”, “free will”,
11. Conclusions

In this paper, we proposed the architecture of the Artificial Ego.
In the architecture, the "free will" and "emotions" of machines

are represented by a matrix vector. Moreover, we represented
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the "emergence" in "consciousness" as the transition of the
matrix vector in the limit after introducing the concept of anti,
which is different from converse and inverse.

Currently, the only specific experiment of the AE was the public
experiment using the initial version of the AE which only has its
own emotion. And there were several criticisms to the ambiguity
of definitions about “consciousness”, “free will” and “emotion".
Our proposals above are one of answers to the criticisms.

Further research is necessary to confirm differences between
real human beings and our AEs using free conversation avatars
which were implemented with a prototype of the AE.
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DFlce T —TEEREBOROITRIITEDBY £ D,

ERSEOIIV—T

HEBNEDICHKE
HEIIRFE, BNIIREBEEHE 5
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HEIIEE. 8D 155 4

HEIFHE tzﬁ BENEHHEEBEEHE 3
HEIIEEE . B zt! 2
%ﬂaéﬁj\tﬁ CHEE

language

Al A2 B C D E

class

8 BEAREDEMRSE

language

- 09

Al A2

class

9: BFEDERSE

I8 ICELDE AT OSRIFIRBHELEN L REEBEFERL TV
BALZEN—FBZ 6. THEOEHEENELICREE]I THD
7“:&L\5f£273 FRREEEDTINVD, A2HDEISRZELHELTH
DEA2-CEVZRDHREIZT.ITHOEIHREENELICHE].
ZLT. BEDITRIFL, IBHEIHEITHEE. ED LJ!‘EJ nt
FRRETHD, RICROIDBEEDERSAETHDN. Al A2&
HIZ. HETLENDOLERBEFERAL T VL, t%i?‘:?if]‘%b\lc‘:
hhd, R, HOE [BRERNDERSEETOEICOROTICIE
BEARW ELROAVII—D/ VINTAN) Y OIRETHRIEL I=
EZB, BERAZSE I p-value = 0.1764>0.05. ZLTEBZ41Z
p-value = 0.6547>0.05&7%Y, BRKEDS% SWUEpEHLK
éb\f:&)HOLi?z’EﬂéhTﬁ FRSEDEHETOEICROT7ZDE
CIIBEMA RN EA RIS Nz, DEY. 1 BB OXRERER
Fﬁ%ﬂ@?ﬁ%ﬁt@ﬂa@ﬁﬁﬁ SECERERNDHUTHBOZIITICIE
BENBNZENSEDOHNRADSEIDRAEICS NTRENICAES
NNy

4.4 BENTOREEEREE XS

BEEHDDH
RENCTOREBEFERAREEHEBENHTRBR IT7OEE

SETDH. PUor—rDTIEEBDEREN TS,

SRENHESABOIIT7ICE

B2 R
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® 10 : BRAZEDRESN TOREERIFEEK

150
1

outside_class
100
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o
&

50
I

class

H 11 : BEEDFEEN TOREERRELY

B10ld. EUSZADBRAZEDRENTOREBFERRELH %
£9, A1-A2- B CUOZRADZEEDHREILID. EVZTRDHR
BTHDOBBEIIKRENZEA DA D, 1113, BR2EDIEE
ATHOREBEAFBHERT, A1 ISADHRRENA2ISADH
RELIKRES A1 ISZADZEDIFONEVBLDIFBEEAEE
ALTWz2EM DD, 512, HOE, [BENTOREFHE
EIZTOEICROATEREELR W ELRAVII—D/INTARN) Y
OBECTRILcETA. BRAZE (T p-value = 0.0444<0.05
B, BRKEDL% KYUpEANE =D, HONEHSN, %
N TOHREFEAEEISTOEICRO7EBETDIENBESHIC
Bol, Lh LA D, BELEIL p-value = 0.2079>0.05 &%
., BEKEDS% K pEINKE D, HOWEHNINT, FE
ATHEEFERBEESTOEICHOR AT IZIIEEN B NESE DN
KADSEIDREBICHNTREN ISR NI,

5. &8
FEVOTVHRECHADREZFBORBECHEDHIIENL SIS
BRBDDN e, TDOER. ZLTEEDERBFENDEE - 8
BETP. SEOERHHNECEEZBEDRICONTDETHAZ
BELRDZ ENBIRICE D/, F—IC. BEADSEZRDEREL
Bl D225 —2avOFRELTCOANERE. ILEHEEED
BiE. SOICIIEBEPXEORNAMHICLDERERZEZEELT
W, ZLTC BEDHBRRZIZ. BERICERNDELVFELNER
CPEEMNBESN. RUTVADHEERIIZENL Z/NATHY.
FUFMICEBENRESNTID, E2IC. HRDREHEDHEE
DPRED. EXMEEPHMEIBOTZLODICHL. BETIE
TEEZERELICHBECHENBIL TS, REHEDECHE
DEANBEOTNDENDEBNDHD, B=IC. R¥DHEXAE
ENBESORBHICHENBNIEICENT, BEPREDORZER
BREHNBETHY), REFBICBVBRIHD, 2L THEMIC,
FEVOVRECAADOFBBRRBOEMAHMSBOEVCEICIIHS
ANVAS=ARYAIY TN
EITHRDOMBEN D4 DDREANILE. REFBHBEFR. ¥
ERNTOHRCE. BREATORBHELAADEASE. TLTE
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ENTORECMBEERFBENDHEABRDOI T DEEE ZHN
Bl FUINAVTIRKED I FEICTOL [SRDREE
HBEIO7 T —MERZRHFIEICHMULER. REBFEHG
FRERBENHESROIATICIIEENRONT. HEFEBH
AFERAREENHERBRORIINELERATIERENZEA DA D
foo DF. REBZBZ/NERAZECNERNSEBIHTDI LN
FBREDQERZENALICDENDERFEABNENDZENBEOMIC
Bofco ZLTC. REEENTHUCEBLEREENHERARODR T
ICIFEEEN L BERNTZLDOR—VERCIENBEENLFE
EDOERFBHADLEDBERATIIRNENWDZEN RIS N, SDIC.
1B DOREZEBHHROPEENCTORELZFBEDERABEEIL.
FBREOXREZRNHUERBORATEBELCWE NI ENRIEE
Nico LOLEADS. BENDRERARECRBRENHERRD
ZOAT7DREEZRIELLETS. BAANZENRBIRESNTRE
EARTDIEIIREBEENHEABRDORAIVELICEETDENVD D
ENEEEE Nz, D&Y, BRAZFEDREBERENHEABRII7 %
BLESEDHICE. ZREZBRBFHPREATHOE. FAS
EMEIC, RERESN. DFWHBTHBZEMAIDIENEENL
BRIWERTHDENDZEDhhDf,

e, VU T—MERD D BROREBEFEET, ICAFILZRE
FRLCEREVOEENZL. BEDFBESERICIT. [HET
DOABRBIIAZT—2aVENDER]I EVWSBEENHDICEMD
HOY SEBROCIFIERDEENTHONTND I LN DD
5T 63% DEIEET. BANZIICESLERBHBICITIET
ZEIBRFTWEEBLTHEY, PONTYMAICKIESEEN
REBHENFZBENOBEESNTNDIEN DI D,

6. #izE

KRFEICE), BEETBZVOVEEDORBHEDERE RS, #
BDEDENWIBOMNIEON. BERDFBEEEREABIT T
2 SEFEZERL. HAEFECRRIDENZEL. SEFECEEN
ICOI1ZT—2a RS0 EToREZETHLELEIC. BEP
XICHIoELESD. BRERZRDD] ENDBBRIINERIC
ERESNTNDONDRBETH D, Ffe. FMFTICKY. BEIEYR
REOHRAZFEDRENZBO LS E2ERNLERELT, &BXE
NACHEBLEZFATDIENEETHDIEN DA DN BARNLERE
BECERSEICEIDHLVAREZTDDRENHD, o, BE
ATOHRCEBEREBERABROERNLGEEIILZNELTE. B
RBEDHZECPABICRETDIUEFLNWHARICEY. BEADEEE
BLzL)—BEEEDSDTIELENSDON, BRADHERIT. TIF
WD YRRZICRES N, ERMNLGHEBEISEZALV D, BER
SMAPEAEET YNNI DY RREDHE DY RFETHITN
tEBL. ZLTEEPHEEAZNDNBERIEZTOIENEELL,

S E Xk
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TOGINIDYRRETIEEICT 7 —hEBIER ¢

1. BREZEZHBLEERIZVVDTI A, When did you start
learning English?

NERAZFH] Before | enrolled in an elementary school.
NEZR When | was an elementary school student.
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FEZ When | was a junior high school student.
5%Z R When | was a high school student.
Z D1tk Others

2. RTHO 1 BEDOEBOZREFEHEZHATTE L\ How many
hours did you spend in English classes a week?

1B 1 hour
2858 2 hours
385 3 hours
AR5 4 hours
588 5 hours
6 ¥ 6 hours
7TER 7 hours
78R8 E more than 7 hours
Z D1tk Others

3. 4DDHEBRFI (B, RO, &Y. &) OHRT, REDE
ET—HZLEBLEZAFIVIEENTT A ? Which skill among 4
skills(listening, reading, speaking and writing), did you learn
the most in your English classes?

FB< ZF)L listening skill
S 2F)L reading skill

529 2F)L speaking skill
E<ZF)L writing skill

4. TEOREBEORERNTHROLEFIENISIVTLED,
much did you read in a lesson?

2. 317 a couple of sentences

HMEH¥~— half a page

HRE 1= 1 page of a textbook

HRE2R— 2 pages of a textbook

ZHRE 3 R— 3 pages of a textbook

HBE4RXR— 4 pages of a textbook

#HHBES5~R— 5 pages of a textbook
HEES5~R—TPAE More than 5 pages of a textbook

How

5. BEATOFEREEEZHATT S (EHEZEH) Which
language did you and your teacher use in English classes?
(multiple answers allowed)

HEANLEBICRE

HEIIRE. BDIIRELBE
BEIIRE. BDIIEE
HEIIRFBLHHE. BNELRFBLHE
BEIIRELHE. BNIIEE
BEBNCOICHE

l
l

6. REDEENTEDKSNREEEZEICLELA, How much
English did you hear in English classes?

2<% L not at all
ZNIFES LI A D 4 not that much
¥ % sometimes

#5118 frequently

21 always

7. BEATIBEBICEEFABE. EEBEZERLILLY. BF
THEZTFT L For how many hours a week did you use
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English outside of English classes? Please write the number
of hours below.

8. WEDEEHNT., EDOLDICHEZEALEILIED. (BHE
&™) How did you use English outside of English classes?
(multiple answers allowed)

SNSEZFEAL. RETRECPRKEIIA - r—232%&ED
fzo | communicated with my friends and family members in
English, using SNS etc.

RGP REECRBCEEAELZ, | talked with my friends and
family members in English.

YouTube ¥ Netflix E CHE WG ZRETRIY. FREZHRI
"JLU7=o | watched YouTube and Netflix etc. in English.

HEBOARPHFISE5TAT, | read books and magazines in
English.

ZDftt Others

9. BANBURBREDMANBADERENE LICE/ILIDE
DL EEFRMICHZATTS0. (HHEZET) Which activity(s)
in your English classes was/were helpful to improve your
English skills? (muitiple answers allowed)

HHMEEFERALREY — T4 2 IPXEDEE Reading and
grammar lessons usinig textbooks.
F—FA4HFEEERBLIEURZ T DEE Listening to audio
materials etc. in class.

HEHEEDEEE DR E Speaking to English teachers in
class.

SA T4 T DEFE Writing lessons.

10. BANZITERBHEICRIT TN EBRDODNDZEAEH AT
T&0y. Which skill do you feel you did not learn enough in
English classes?

42 & Reading
EE< Z & Listening
559 & Speaking
E<Z & Writing

1. HBIEDEEBISR%EHZTTF 0\ Which English classes
do you attend at DHU?

Al

A2

B

C

D

E

HERELERBELTCVEL. | do not have any English classes.

12. HBIZIEGEHARAANZETT D, BFETIN? Are you a
Japanese student or an international student?

HAAZ4% a Japanese student
BZ4 an international student
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HmZzBRMAITD

Reinventing the Wheel

HE BAF

KUSAHARA Machiko

TGN DYRRFRF IR BEHIR
Digital Hollywood University, Graduate School, Visiting Professor

Reinventing the wheel (E&@HOBHER) WD EBAONH D, EHOLDICBRICBIINMONTWDEMAE ST I,
HDENIMBICEBLTRINS [RBI LEDETDHAEET. EADRREERTDIZDLEOBITAITERGRBEI
IWFE—ZBPTEDTHY. ZOLOBEREZGNTARELPAZEESIEDIODTHTIVIRBRIATLANBREINTE S,
FERMBORZOEMOPBOOIELNEEIT. BB - AR - BRICEHDIZDLOIBIATLOEMFIZLEZADTI\D,
LI UIEE. ATATT—IPATFATHRDEE T [EHOBREP] 2RETEBSHBERLLTHY. ZREIATATEHRZEND

DHOEESLBELTN D, BESORBRICZEDOLSBEBONE

F—ID—R I ATATEH ATATEEZ. ATA4T7T7—h

1. LI

MREWBDDESICHMBEORREZANTED DRFTOR M % 5
RIDIEFIEEE, WX TIIRITHARPHEAEZZEIT, BHNEA
DEBERFATLETHRLIEZEETRY, FELAEERBOER -
HEBLI-EMIRXBEEDETRERELAKT D, BHDHFTDN—
ZITHNEBLIEEDELDBREHEBDL. HDNIBDHNEBEL
HEIINEROEREEDEDIDLERESHICL ARBRELL T
TIBZEE AVDFIVEERCEBICESRBUE DT ZEERT
DEEBICMDANIZEN EHROBHEP ICREGEHETEEE
PERNVHTEHD, ENTIIRES. [EHOBHEB] DEEE
REIHEAARTATT7—IMOATATHDHAETRIODTETCL\DD
123550

2. BIZEap LM
BEHOBREBEZHSOATLD—DICTTHEEIZICEZLE
ZMEN BB, 1660FICO/N—b - RAIRIIINT7— -
LYBICE TR ENAFIREURBEN 1665 FICHD
[TPhiIosophicaI Transactions of the Royal Society] I3 &+ & (1
FMEAED—DTIRAEZTHEITI D, MEPICIFO/N—K - Ty TP
TAY YT Za—hUDERL. BISEFF VIV - Iy DA T
T7LYVZ - TV VDHRETIICDNWTEHERTD (1826) BE. BFE
EH ISR @EL%*A"C%LO BREWDHIES ZDZEMED
taizEEns!
L_.@ckjf&?ﬁl A RZESORRICEBLEDIIBATITIRN
o MIZEGIIMZERMORBESICLDEHOHEANBZECERRKE
( 1M VIIRFLEBFEZEDHE L. TV IEBIELHRAILD
ERBEEOR) ERTREDN ZOLOBEMEEH SO
eI FM R ZEAR (publish) 7 B/XT Uy DIZT DT TREL,
ZOFRERRNZRREICTDRATA T EOLEMESENIZT—
HATSBEEADEILNHOTCZZERE - RTOBRZRHEEED
AREICE D=,

3. ATATPERZLNSTPTO—F

BN AFUTPHREETA 77—
BEORYMNZICBENTIEA VI —R I NET—IR—XDFEE
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BLIZON. ZOBRICANHDDNEZTHEZ .

IIARRROBREDTHICL. BE - RITORBZHITDIET
feh. ZO—ATHED publishTEDZEICKO>TARERLIER
DERISHRBL. T4 I—NTIPRIBI D VEBILICEDIE
MORBINELTID,

HEDRREATATREDEAEZNICHHRLENBENH-ED
TEIFREHIT. )47470)2!5”)7'3‘ T DRI B BHEEB
T\D, AT 175 (media studies) T2 7 FHE. TVE
L\DT:?XXT/r?%IKLN?Rc‘:LfCL\T:o INAFA_TThHDdNTY
DY—=2%) - YOI—NFEZRERREEDTAINTTIVA
ARICRIFULIBOT-ERANGEEIEELCIATA7H-ABOD
JLERMEETE] (1964 FHMDEZEIL” Understanding Media: the
Extensions of Man” T[] ld&Eni) 2& L1,

ZOERIC ili@jﬁ#b‘ﬁ%tﬁﬁ%ﬁkfa“éﬁTQ’CLJAD
BTPAINEREEDOEBELICERTDENDEZENHD, 2D
R, hF50XMEIEIT—O v/ SOZFNITENCEI T H DT, 2
KOREHTAVADTVEHREZEL. SRFrURIVLAHEES
TREBEXDAA—DEZEMICERT DI LB D, VU
W—N\>VDBHREIIH TSI TIIERICZ TEHS, SFHIZT7—H
TS —DBIAINTET AT —TA ANBENNERIZETA T A
TUTZO—HEEE D, DT I TATFATT7—RIDINTIY IR
FTEEZITTCOWDERICIIZDESBEEN H D,

RGNV OLTBEBBEEEATCLEDTLD2IY - IN(OD
MEBO—EDERICHRBENICEOSNDL DI, ETFT7—MDERER
IIVAATFATDHAEBELTDTLEIZERL., ZnE/\—VF
WIBATATICEZDEIBIIHD, YV Z—N196TFEICEELL
Portapak I3E T A T7—T4 AN =B BRIOD VTV 2 ENDE
HWEREBELTHALWUEIOBATERL, 1970FEKRKDET 7

—hERAEZ X1,

32 ATUF7ELRZDEIS
AFATROPCHEBEREBLTCND T TOA—FIIATAT7E
5% (media archaeology) W% 2, ZHZFENBEN-ELMNE
MERBLTHROXMEPEASDBFREMBNTHKEDIC. M
DCHEAELIE (HDWE. BRESNIEARRLEN D) XA TAT7 %
BURILRABLIEIZE DT ATAT7EXMLEHEDBFEDPX
TATDREZIIENEENOIRABEL. ATAT7DRIEDHZIED
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TRKEZZBEDDENNIEBELSETDEDREE, AF4T7H
ZHMRABZERODICHLTATA 7 EHZIIERNEEYPLRR
ICBEBEL. —REBPE/PHBOEHEZNNTD, BLZDESR
ITEONTHETRISEE N X TAT7EHZOERICITHE B
DEBERNDRENDHY. FBREEEPLHERICHBOBNA—T
VRBRTSURNIA—LBEISENSIDDNIONHFICEAHLIMRE
ICHBLIERBEEZL D,
AFATEHFZENDST7TO—FIIS—0TU—h - Y=
F— IIF - T—FF MR- ITIEY— THAILTHVT -
TILZb, A2— - NUYABICEOTEBZENICIRIBEINT
1990 FRAENMOMONDEDIIHE DIz BLDEAVY—F YN
HNEBRICERLEBD. ATAT=VAIXTATENDRRDBEZT
IEXATFA T HBNBLEOERIBEIC [EHZ] A" EBLEDIIBA
TIIH . SOIICEKRRNEICED IEAHBBBEYCA T4 T7T7—K
DHAREHBEICHEDLDIA—AV/SAT, INEELBATIIRNE
252,

33 ATFUTELHEDRE

AFATERZNRE 7 TO-FIIABEOHEUGASITIL -
TN — RUTIVSDERICETRDIENTES,
RUVIVORTEOTOADT N/ —225] (REBICIE ]SS
FhTLELY) L;t/\“ﬂ—:/'ltL\5%ﬁfcm§5$§%ﬁ7&ﬂ%ﬂy<@ﬁ
BEEREBAENDIEICEOTH M. ONWTIIHEICEZUD
DHBEEGFHFBRLAI LY, YON—NIDIT—FT X
WO DIRAR—EFT AB DR ISENRIMOFBA L EED AB D
REEXEESIEZEEMNCDNTEEL, 1y —% Y NERE
IZFAaBESNE,

ANBDOBREEATATTHY). BZ - BiiOERIIZENICE
EBHERIT, TAINTHYT - T T 1D T#$ERITOESE :
1O EICH T2 ZEZBERBOIER] IIHEE WD BHEOREK
BEETEEICTDRMALEDALDEBCIEICHTHRMEE
DESICELSEENEZEELERNSEIRILTNDE, 51
Y- ZAO)—FOIRIFGEEES —+/\ERRBEROHEFRF L
REXIT P BIFDB®ERE<) CISIRBICEER L HSZPE
ZREVERDATATICEOTESR - Bk, HDNIIFEHRELIZHF
FHEEBFOARRNEZDFHGESDZERXBERNSENV LN
SECIFXEMRICHZAREREMATZ. TNOICEBTDDIE
RIMTEGRNGET TO—F & %ﬁf:tﬁ?ﬁﬁﬁﬂ—‘ﬁr?tﬁ(fbtd)
BROERCTHD. TNENDEEDBZIEI T —VRRFDE R
Hdh. ENHRODHLSEEICETSDHITTIEE,

3.4 AT147D[RA]

[(AF47ELTOERE] (1992) (TId. HBHFOBEFENALIC
ESBBINEABRENBHEINLNARINTND D, RKR
WDIIBFEE S D7 (FiIR) DMEICHENTIIBREZRINTEEDS
A TR’ ITONDBE. ZORDAELIBTLEEELIENS
HEHOIET, 19BIRERICT IR TNV Y —bDH
MOZ1-2BENMSNTD Y, Z0E. BEESTADRA
BIIRELICATTRHMLTO<DITREA. SOEFEFEITZOH
BEEMITHNATATICER] L. SIS THR#ICEDLN
TWd, ETDHEMEOBERHRIS. SHOENIIRIIEMOD [IE
LWERR] HDWIREDERIIZDDEBD N,

ATATHEMDEI L DI ZDIN - HEDXL - BF - BUAKA
VIDICHRESNSEARIC. HRICAKTLREZRIZT, FMLLA
TATDHECPEREMSZEOBOREBRRII. 7LV FT—FY
FPSNSICDNWTRAEBMRAEETHETRRBRLCND I LT,

35 XATATPEEHHTIRR

ATATDFEBLEEDRRICIISHAECERICBEET DM
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BV or—23 0N HD. TEDEOBXILDEEZT—FET
MRZEFATIND, BIZITRICVWDEFERELRZL. BEHLR
el STZICBNERICEZES LU\ LWV o/cMEBIFZENZEN
DIFRDXAEPRMICHUTHUWATAT7ZEAE L. ZNITER
TELETHE, 19HENS 20 EBICHNITTRAITLE/NN/ SV
EVCIASEITREDVRICHBIDREDENLAREDHIRIC
FOTREL. BREIC/N/SVEPIAREEDHEBZEAMAALLY
FOVRILBBRENEISLCARITIIRGESELEN D/, MEEE
DII—LX - FLAOVIIIDBEOEEEZBIELTREIND %‘
WRERERELTNDA. BHARTIEIIDREIIELT-A—3
PATIRFDE/HNEEFECLAMENE DT,

3.6 ATAT7DER
REPREBEVCBELREDATATRMNFEETDHT. BLLD
BENCEEICKDATA TR ZDORROEMET TV EFED
THRYBLERT D, 9HEHLEATATDORERIFWDIEZ/N1 )L
o BREDRNITADE (] D—AT. ZRKEZBLTEETD
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YouTube A5 DEEHFIFRTI DR TITOIETHRERRERDIY—1L
=XND,

3.4 RIHRIR
ARGNSLTF A= AT, 7Fo54F—)

20HzH'S 20kHz DEREGFICHS WTHENTEET, DL 2D
DEBREBFICEBTE, 512, AAXPVSTED TS51 U=
ISl SEIODAWTEHERTDZENTEDIEN D, BLUE
CAT AUDIO 421t % [Blue Cat's FregAnalyst] Z{ER 95,

3.5 LEBI&REE

(1) —MRMI B E ISR E TR SN R TR
TITIREEDNNS VY (BF) CHERIN. RASERTHE

LIl KR ] WEES, &SV IDEMITENBEGICHLVAD

EOICHELTINS (H2), H. EFSEDEMDAEIFVRAA

SOLYIMBERZDZ L THAEOE. DEWEEZUEL. Z2h

SUTICBHTNIE—IC. ECBBTE+ELTRS NS,

FOLDLTHDHRERE !
N—2ADLTHDREBE :
FHY-1TOLTHOBREBE: —10.3EF
FHY-2OLTHOBREBE : —32.3F
YAV -DLETHDREBE : —40.5F
R=NIVDETHDHBERE : —4.8E

-21.3E
-13.7%
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R=hL n=z 51

*H—2 . i
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NN
—45°
-90°
=180°513567 -90° -45° 2 2 P 135°1805

B2 : %l K (R) | FRICHITDEMDRTEEE

PEICENECNDZEN OB ETHOAREZ O EMITICEH
ELTWDEDAZ . CNEVRIVT VY ELTBELEBEOD,
EFHEMUSIOEREM. EREMUCTENZND, Tl SHAT
DEEIFETOESE (FF) 1R TEDRS. 151281515
19MOWANEREL. ZDOBDT7 54 F—Z{LEDRKRET
ST D, ERAMEICENA R ERERBICE T DEIFTRORY
THD,

FHEUZEEELCEREM COELZE
22Hz T 4dBi@Y

100Hz T 2dBi@ 2

450Hz T 2dB&m0

1.4kHz T 3dB R4

11kHz T 5dB&Mm

H3:E\E (B LERE (F) EMICHTDEKEEE

FTHEMUZEZEELUCEREMCHOELEE
22HzT2dBREA

100Hz T 3dB R4

450Hz T 2dBE4

1.4kHz T 3dB1&Mm

11kHz T 8dBE

H4:E\E (B LER (F) EMICSTDEREEE
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ZDZEDD. ETOEMBICHDERBIEDENHERT
2 (B3) (B4),

(2) EBEMICHRELIARTA M/ AXEZRZR LR

RIS, BRBIZEDERDEZIVELIEETDH. ETD
FRBCHEELZELARESTBESNDRIA N/ A X 2RI 2
NEFTEEM (0F) ICHREIDILTHBELTHEY, £68DTE
fIIF0OELELTIND, B, KBHRETOIFARMFIIINETLEE
BET D,

EFHEMZEEELCEREMCOELENLE
22Hz T4dBED

100Hz T 4dB R4

450Hz T4dB R
1.4kHz T 4dB R4
11kHz T 4dBig

-

FHEUZEZELLCEREMCOELENE
22Hz T 3dBEY

100Hz T 3dB R4

450Hz T 3dB R

1.4kHz T 3dB R

11kHz T 3dBig

ZDESIC. 2ERBETCECENBLELDBERTH O . &
DRKI. EAICRSEEZZ 2, Z0OLT. FAEM. KEEM. &
MEMELBELTEERETH D,

ESICEAEMOEENEHICAE>TERLRRER DT,

LA, BERWVRIETIRARMIEDEEARSNEZEN
SINFEEERTDE, MEDESHELT. TABRELLLET
BOBREAENDENERD—DELTEZSND, EMTIIEBER
ICELBREMBEDEOEERENM (0F) DEDIFH ETHD
BENMINTWDRETH D, —ATHRIA N/ A XEBIRIET
3. 2CTLETHOREBENOETH D, 2D EMS, YouTube
DAEHT. ETFHICHITDEMOBB TIIFEDERKICELS
T 2ERRICBNT—RICSENZENRL. TAZFENEMTDIE
FRCE DT DERDEN BT BENSHLUINMEHANTES,

(3) EFHMDBEE(TFLBEDRIA N/ A ZEBEEANTDLH
HLUWMRSREZ S, BOKRIA N/ A Z&ERL. $ERSTER
EMTHN. EFEHOBEEGIFRETRIELE,

RO/ AZDETHDREBE : —45FE

FHEUZEEELCEBREMCOELENE
22Hz TEALHL

100Hz CTZfL7EL

450Hz TZE{LRL

1.4kHz TZELEL

11kHz TZ L L

FHEEMZEEELCEREMCOELENLE
22Hz T5dBED

100Hz T 5dB R4

450Hz T 5dBIE
1.4kHz T 5dB R4
11kHz T 5dBi@%

-

R RN/ A ZXZEAEMICEHEE LB ULRIEEBRKIC,
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FREIEICLDENMIIRONBNEDD, TARELIEBELD
DEHEN’RLDERTIIEENMET L. TLADEML SIEBEDIE
WEHAZEOLSHENWEECIEEEICEEARONT, FLIVREZEE
BBIdZENTE,

(4) ERBHHOIETEZLZEBELRELCEMTODLR
COREZFMBL. EHMICENT, ETORSBHICHESETED
BUNABNDLSHEICRRTSD Y, CZTIERRESNUPTL
T2eH EEH (Q0HZz 1IE) ZBEE LT HN—XEHEE (550Hz
1) ZBELITDFY—1D2DODEBDAHEFEAT D, BER
CHEEEEMZEIT. BBERICELDDELTFESOMNICOPED
ERECTRIILTINS, 2DODLETHOEMBEISTRDL DR
ETHD, . CITLOESFIIMEREET7 S AT -MEICH
WCRLEEEDSIMENSEREL TS,

NR—2ADETHDHREBE : —12.4E
FHY—1DETHMOBEBE : +17.9E

FTHEUZEZEE LU CEBEMCOELEE
22HzT2dBiEM

100Hz T 1dB R4

450Hz T 2dBE4

1.4kHz T 1dB&Mm

T1kHz TZ LR L

FTEHEUZEEELUCEREMCTOELEE
22Hz T 2dB A

100Hz T 3dB#E%

450Hz T 1dBRA

1.4kHz T 2dB &m0

11kHz TZAERL

ZDEDIC. TARETIICEMFZELIEN—IDESZEEA N
EEEMCITEMLUIZUBRRENEZHERY), T2BERFIJICE
MBRELIFI—DHRBFRANTEREMTIIEMLZUBREN
BAHEBDHEREL DIz, TITE. TADETHOEMNBEE
20EDAREEZDHICLTNDZEDR D, 7HIAF—ICLDE®L
BENINEDELDODTNDH, FEAEBCDESNEMNDIZIE
BEEMDEIEE IS, BOMNCENVDHTNWDIENERTED, &
DZEDS, YouTube lCHIFDVREENBEDMLHEAIT. BETD
TTEHOREAEICLDBTEDOENIIARMICERE—ETHD
M TARRELIEETH#HOBENZOEICFEEESZDZEHS
M. Z2LT COREAEFATDIET. BHNICELEEH
BIDZIENTEDLDICK DI,

3.6 MUWLEIEFEE

TSN TA—LDHEENBRTE LI EN D,
SUBERMHE ETDEEFEEEETS,

INETOBIICEY). EFHOEMELICLDEADEME
BEEDELIIRESNAL, ZLT. ETHMOEMELIE. TL2D
ETHORTEAELNSOERICLVIERINDIENERTETI
%, 22T, EREEHLBLEREZ2DOEHETHIET. EBE
ICBITDERDEECERBLEDEM/NT VR EEBIRELDD. LT
DEEBIHICLDEENEEAESKIDIECEREDEED L
=BT (K5), BHEMICIE. ERTEADTREISHERBY D%
FETEATZLDEL. ERBEODEIS. EANLTBHLLE
ICE(LI2EFADENELTERT D, SEBDEMISRDEY
THod, . BEDEADAEIIAGEOAELTSDY,

ZDEERZERLN,
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N—2ADLTHOREBE : —12.4E
BELUCEAUN—ZDOLTHORESRE : —90E
FHY-TDOLTHORERE  +17.9E
BELUECALFY—1TOLTHOREAE  +90E

BEL=F2—1

~45°

BRILI=AN—X
5 @ 90° 135°_1803

-90°
1801357
5: ALER%Z 2 oML LT EMDREER

ZDEDIC. TADERBIBBERICECEMHREEL. BEL
EELERZ. N—RIEEBEMELASD-90EIC. F5/—IFER
EMEBLD+0EICLTIND, B, ERMNMEBLAEIETEED
BEHENDIEND, BRIATIIE-IF—/N—FFLEDEHET
DER%Z—-C6ABERLPESETI\DN. KRR TIIEABEMLNOD
ZLBZLEBRTDLH. 2TCOFRN’—ETELTHUIEER
ZDfh. BEEVPIALTA U EASDRERIINITEFHLTHD,

FHEMZEZEELCEBEMCOELENLE
22HzT4dBiEm

100Hz T 2dB &M

450Hz T 3dBIE/M

1.4kHz T 1dBE4

11kHz T 4dB @2

FHEUZEZELLCEREM COELZENLE
22Hz T4dBiEY

100Hz T 3dB R4

450Hz C4dBiEm

1.4kHz T 4dB &/

11kHz T 2dB1&m

ZDEDIC. BHEICHKIEER-IDEEZELDBREFHDERE
FNEASIN. ASEFIFEILLALEY, BRICTEEFSY—
DEZFLLLHEZOFARYENBH SN, BEFHIIEILBLA
DIEREBDfco BEBICHEINTE, ETOEMZ20EMREL
THREEL/HEIVEAREHLOTHEY. BRUEDE LZHERIDZ
ENTED,

4. FREEZ

YouTube EICHITDVREBEDBEMFKIS. BRRICEHST —E
IR DN, TADEREMICKIZDEENIZ(TD, TIT.
FIERSICB LT ETOEMICEEDIITHLZET, BRLEWET
DEMDEICBITD2EDERILEZBRICARTDIENTED,

THIC. BUERAERL. 1 DIIXRKROBEGICE L EAL
E5 1 DIEETOERMESICERTDEMENTDIET, HIME
BFICBITDHD VAN TEEE KD,

SEIDMATIEETDENMERTETDIEDTEDRABELLD
I0ETHA —BASKENRLILEZRTAABDEN K= ETL
BREUEDALZERIDIENTE L, FIEERICEELDH. £F
DEMDEEZ L E DRI LIVEE., ERITDIESRDENMHETE
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I3+ 90EEIIE-90EBLENDLDIC, BElbatoLi LT
DEBICBNT, TEDLETRRDBELLDEDICHARTDAN
RWh&ExSND,

5. S&DRE

BRUYEENREONIFE. ZOELEIF4IIBEETHDIE
DOEIARENELEMGITDIEDNTEDFEOMAFRIMISH D,

Flo. SEIFN DY OBAEBOTIETERNEZERLEA. W
TDNDVINEBZDIFE. YOUEFISEBA, SIERICBITSN
SUOREPERDEREN N D,

YouTubeZ=7ZY R TH—LEL. ZOAKITADE ETE#ENM
DOBBREME EISTERN. VREEZBABEID T UM Tr—Lldfh
ICEBEEL. SBEBADIENEAONDIEN D BHO TS Y
N OA—LICHBULERIEFETHDEFBEMELS

B E ik

[1] 2 817, £2 EE, o6 #: A FEICEELRE—
NCFDEBDEM] EFIBRBEZZRMATIERS (2002 F) ,
103—-1078&.

[2]RAE BBA : [—2X—=2D VREBZD=HDIZERZEH1E
D—270—DRELELIDHU JOURNAL vol.06 2019 (2019
F),56-61H.

[3]YouTube LT : “360" BIEP VREB CEZBEFE2HEATD"
https://support.google.com/youtube/answer/6395969
(ZRR2020F7H3H).

[4] akihito sakamoto : “[VREZM K] IR A ZE R 654 K ih
K(fR)] 770 VREZRE" https://www.youtube.com/
watch?v=dF3fhTGjzEOQ (£ 2020F7H89H).

[5] akihito sakamoto : “WhiteNoise30s A VR Audio Movie
injected” https://www.youtube.com/watch?v=XfvWuue4Gg8
(2R 2020F7H9H).

[6] akihito sakamoto : “WhiteNoise30s A B VR Audio Movie
injected” https://www.youtube.com/watch?v=aplp7f2ZPWO0O
(8B 2020%F7HB10H).

[7] akihito sakamoto : “WhiteNoise30s C VR Audio Movie
injected” https://www.youtube.com/watch?v=6eCVJ-5AmUA
(8B 2020%7H13H).

[8] akihito sakamoto : “[VREZM ] IRAZE 6 B4R [K
(R)] 770 VREEEER Gtr1&Ba FEIRE/N" https://www.
youtube.com/watch?v=RCk1C1FDbvl (88B2020%7820H).
[9] akihito sakamoto : “[VREEMHR] iR A S E L CH & K
[K(R)] 7170 VREZXEE Ba+Gtrl B EK(90°)”
https://www.youtube.com/watch?v=rs2vZkyUIGM (£§82020
F9R11H).
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Mozilla HubszZzR WA 54 A X2 DO WebVR{E

WebVR Virtualization of Online Events Using Mozilla Hubs

B3 BEE SHIRAI Akihiko
TGN DYRRZERF IR BEHIF
Digital Hollywood University, Graduate School, Visiting Professor
GREE VR Studio Laboratory, REALITY, Inc.

TLF14¥—F+JVa1RI3
JaR—T K%
University of Geneva

RO B SAKAGUCHI Toya

lEibN=a
Shizuoka University

a2 R SR5K  KOYANOMA Ryota

RRIEXZF
Tokyo Institute of Technology

Bredikhina LIUDMILA

iElr:llB %%H HORIBE Takanori

V=P Ncal
Meiji University

LG BB YAMAZAKI Yusuke

RRIEXRZ
Tokyo Institute of Technology

hFt 55 NAKAMURA Kiyoto

REALITY# &4t
REALITY, Inc

With COVID-19BKICHE T DA TANY DTSV T4—LELT. Mozillah'Bi%E 2 WebVR [Hubs] Z3ER L 1:
MABEICENLTND, BRESZETOUE-PEBICHIV. EVFARIUID, BARRERSEVODEERTIZDOBE.
NRAG LT ZAT VR PRAERAANVER. BEODI VI —TAVAVIERICEITDEBREHADRBICDNTD /DN,
FETOBRHASPRIAY—HRAITOBEUEICHAIDREFVSAVOEBRFED. FHEATERED -3 070
BRERLE BBETRIALTS LT —IAEHIC, FERELTEIED D,

F—T—K:WebVR, #2514 VXK. Mozilla, Hubs, A T7ITVF—FTA Xk

1. 3L I
XRSATIVE—FTA VAV NDHARBHEEZELTVRA.0ER
KL TL\% GREE VR Studio Laboratory (373D [7/\5 —ERE)
VRERFRIFE (CMx. With COVID-1988. DEWUHEIOS D
A RBRERBENDERRETICBIFD A TARNND TSy
NTd—LELT, Mozillah'BIHE 925 WebVR [Hubs] ZJER L 7z
ARBARPHMEOHEADERISTFHLTCND, ARTIE. BES
FECOUE—MEE, ERSERERE. 7074 VEVFARUE
DRfE. EBREANDNA. ZRRIAT—FRRODICHOEZTEWRE.
FHRETEBRE D -0 3V TENDBFHY/D/N\TICDNT, R
SELCEr—REHRIC. FERELTEEDD,

1.1 Mozilla Hubs

Hubs & Id. Mozilla Mixed Reality GrouplZ &> T7#H —F >
V—2ATHEINTNDRYNT—IWebVR TS YN T#—LTH
%, Mozillahwtr—/NId [Mozilla Hubs| &M (dE#. https://hubs.
mozilla.com ICHEWTHEETHATED, 1 VF—UMIEHRS
NEPCETSUHNHNITHTE. URLASHEICTIEATE,
FRODYOVA—R AVZAN=)b. TIHWHABRELZ L, Mozilla
Mixed Reality Group. Robert Long & Dominick D'Aniello &
AR IC GitHub E T3 201759 H 24 HZA First Commit h'BER
INTVD, ZD#. MicrosoftiC2017E10B4HICEINE 1
7= 7t [AltspaceVR] @ Co-founder 3 Director of Engineering ®
Greg Cofodor a8, BEIF24ZTEEIATNS O T UM
Thd,
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1.2 EEEETOHubs DAEE

FEIOSDAILR (T, COVID-19) M/ FIvInFEE
ITHMUEIND. AFEZHOSMENREN—XOII2 7 —
2AVEGOEBREEVCREREA VSA VTCHETDICHIY.
V=W ) LWWRITSYRNIA—LHSEESNT Y., ZDO—DOTHD
Mozilla Hubs (IR, Hubs) A'ERICEBR=ZZICEENICRE -
SERENBH T, Le Duc AnhSIc&>TUIST201912T,
HubsZFALEEmMEICT7 7 —MAERZTL\. Hubs i EERZER
ICBERTHBZEERLTND P,

LBW2020FE3B22~26HIZT7XAUA - PR TREFET
HDIIEEE VR2020 (http://ieeevr.org/2020 ) [ZH T, Blair
Macintyre (3 — 27 T# KX), Anthony Steed (X EUCL),
Rob Lindeman (£ > % —~X 1) —XK% - HIT Lab NZ) 5 Virtual
Environment (VE) DFFREBISEEEE IN—FVILEE]IET—V
IZL7=TVR in VR EWD 24D —2o >3y T&IEEE VR2020 D
—BTHETFECHDI,

= 5% (D CFP (https://sites.google.com/view/vrinvr2020/cfp )
kD& [VRIIREBICEDCOHEEZTPRHDINRE| &(VDO
TN THEBINTHY, BRIIUE-NILEVHERTVEZR
ESZENBERESINT e, MO SLEI—DRBICHER
EERDIZCOVID-19DRBRILANBASINTUV e, TOEKT
WEFEERBEEWHOE [N FIv Il ENDRAERLTNELIR
RTHDl. SBICAUKRENTORENRERE. ABRLERKENE
Edn. REDOEBRRHII—BETESHBVERNBESMNIED
T2 fzo IEEE VR2020MDKRZARTEHH 23— 7 IHKRZE
Blair MacIntyre ##E 5D UM FICEDTRIE. IEEE VR2020
DFZA D Thnlz. HHWVR in VROACTERBFETH D/
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Hubsld. A=#HE Tdh o7 Amazon AWS®>MozilladD#H At H
). Zoom*® Twitch (2 &K & WebinarlCH 5 s, EEDHubs=
18 (https://hubs.ieeevr.online ) AMfES ., ERFEELPOERR
DREEICHINIL. TEPRIY—FRK, 200F O\ REHERN
Hubs ECTiThhiz, BHEERBOVREBHEOEBRREZETLERTD
&L KREIEEE VR2020 13 Webinar & Mozilla Hubs ## T 1500
A$RiE, 75 R Laval Virtual I3 —LI > &ENR—-2ELVE
[VIrBELAl ZFIFAL 12,000 AR TRMEL /-, RIEEBEDOHE
BRFEE W OIEBENKELDHES. TOLEEFZOIREAN
YhDFSAVEOBRUEANSHIVERRNIITHNDDIFE
BICEI N,

2. Hubs ZFIAHL-BEERSETOUE—MEIE

Webinar£f#ICHh BB ELTC, ERICHBHEEZEELERZ
BEEENEBSHONICEDARICBINETH D, BEDEKIC
BhEEEBNGERNBZENLERAE—RHIETERIDLDOLHEEIT
KRATBETIFE WA, BEENODTA—R/N\NYIEAAVNDATER
HEINDIENZNHHELL. SSOICEBRREDBSIIRNEND
D, EOIERNEZFIDHERHEZRDDIGS. BRORERKEIC
BOELBEBEICINRTIDEEELTCERBEZESDERRKL .

Eﬁﬁ@ﬁ”)%i&?f‘/%/f‘/’cﬁﬁf&tﬁokIEEE VR2020 “VR in

I8 VT [Avatar Driven VR Society Trends in Japan] &

(,\DEIZM_ \3TBEHDTNG—BRIETZ YN TH—LDBNETIN
S—HENBEHTDY —PILVROBRICDNTORRET 12,
FEZEI(Z Liudmila Bredikhina (2 %x—7X%). VRChatRDI
IAZTAEMIBOEIVERFLULIREE (BMEEXE).
TCIN=FVPIZRIDEZFED—ATLHIBESE (BEBE
KZ) T, ZOEEJI—FIF GREE VR Studio Laboratory &
@D [VTech Challenge 2019] %, N1 TUYRD—o2 3y
[VRSionUp!] TORZ U TAT7EBICEODTEREENICEEN
foo MEBMICII—ELBUBMICEZ DI ENEL, LBCHE
VBRI, PNY—HREZRHUI DL DEMAF —LTHD, IEEE
VR2020 COHOHEKIIAIHIRDBY) ERBEBHI S ABHELERNS
Mof=h fERBYDOEFE K% Google SlidesTHEBLDDH.
Ay a>TOHEKRZIDEZEZZREL. VR in VRTEHANDS
B EnTVcHubsZEofcERZHFEIDILE L (H1),
VY —ROZEBIC. EERBRNORKRBEZEIAEICRKEL. B8
ERDEEPFR/ANDQRI—R, Hubs TIF# L L \SEEEE /N5 —
BEEMBLCT7—HATELTe TARNYIIVETRDIED
EROBICUTIVIALTREBETERNDIEALZANDEEHELTE
BMICHEEELTIVD,

1 : Mozilla Hubs TOH %X
(https://hubs.mozilla.com/fYnpc8m)

3. EnRERERE
RICBEREDANYNAEDEZOHDOHUbsH B Z&RESL .

GREE VR Studio Laboratory DBARMRERREE LT, 2020F

6B 12HICHREITTHITL. ZD%. Mozilla—/NIZT—HA
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B %177z (https://hubs.mozilla. com/DyECcpy ) (B2), et
1EPDHMARREMARDSB DOV —ICHIS. &%
BICEDTCFET—F—HNERNTD. ZNUANDKEFTEZHRO
BEMRENTEEXATBNITDAREE D, Mozillalckd &
1 —Lbi) 25 ZRENHBELOTNDA. BT —/NIED
SLIBEE N DET R A& F QT AWS-ch.xlarge [CH VT 100 ZiE L&
BEEERBICNBTDIENTE R, LA —2IF50EN) Y —
ZEXREDHBEMNEEINCSY. I—F—BOEFREIIEREE
PEEICMAT. ENAIPEBREREBEICKOTIFERICE N —]
ThHY. AEBRFEEL O,

1108 Orbit/ Select {{MME] Par | [RME] ly.

e - _——
2 HvibeShare
g €op,
we (]
o

HOV3¥LNO

"’4 sdl 91 g 2
SRR e &
=

2 : GREE VR Studio Laboratory A7l RFERS & 585

4. FSAVEYFANY ORI

BREERZITTES SAHBEREOE Y FA RN ME20204F
7TB15HICEEINIEBEA XN IVRSionUp!7 Hubs Study]
ICBNTEELE, BB, Hubs DERFZERRIZ 25 2 ET.
ERICTD2EERICEDE, U—/NDOUIEBEEHEE B L TCKEDS
MEZABESEDERREDEERENELLETTD,

VRSionUp! 7 OEZ{EH

BRERSTA

'Ll N
o) 8 m
A

(EEARMEL)

(srare) [ oss YouTube Li
(s

EFERONEEHEREEHITT a0
BEELR2UTIDHOIRETFE &

ZHERMELITE a—A TR,

YouTube Live3& B THARL TRIELT:.,

REATE + A%u7 « WER

Hubstf 1 —1 VI &iR

B R REEFEI250
BADTEBHEBLE

HubsPIRSB 10 + AF (FAL + R5w7

B 3 : Twitch 277 L= KIRIRE(E 1L

ZFIT, BEEN T LY T3 0T D HUubsIL—L% [BIE
BERYTFIELT, RYVITEBBEDHKHERL. ZDORY VT
BRFE Y TF v 2514 TBEGEE [E1—1 IR IZEIFT Twitch
BHETEREIDILET, ARBBEHEPTORBZOIVYZ0 3>
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DHEEBZEFRDZ(H3) o E1—AVIXBISEIIRDMARRERS
=18 (H2) THY., AINUMRTBICIEEELHEENIALD
DRRZEZREITDIHELTHEEL .
COVID-19IRIET ICH NWTHESEEPRERBENYIEN (CZM
2526 REBKBEESIUXTREZITOIENTE L, KA
N2 MDOEFIZDNTIE YouTube Live ICTEE - INFINTVD
(https://www.youtube.com/watch?v=kfd9mNhCPsQ ),
FEBHRSIIRELEZITEOODALNZLHEY, BEBEDERIC
DNTIFTTRTWeb EICP7—HA T2 ENTERLTEY, BREE
NELURIMMENSEERETEEE XD,

5. BFRBERICEDEBREGANDFA

GREE VR Studio Laboratory& B —% 21K T& o REALITY
HAEH XRIVI—TA VAV NEEETII. VTuberSEXETHEE
LIEBHRY D AZERLUE. tWt@IFZ2EHEON—FvILF+ >0
F—IlLDBERLVOPRFEDTOTF1—RETOTND, /N\—FF
WF+SOF—DEEP TOF1—RTD/ I/ I, COVID-19
M. RBRICBEAMLBALIZVTIV —TAZRD/IN=F v )bA >
FOTOF1—RZEIFLH. HABXREGHEEBHELTI\D, IRT
EINMRBERZE—RBEECHDOMHEICV J1—23 0 ELTER
95 LT, K4 EEHE* PoC (Proof of Concept) #172>C1\5,

Hubs ZBIAHIBHEDLBAMOFTME LTI [FENICHEEEITS
ETCBATEZD. AACLHBRTESHICIE. RESLW—E
ZATlEH DN, (MozillaRHAHENTNDEDE) BREDARU
ICEADDEADD. EDRIFBETOEDUIERNDTIE] &0
SHIRTHDIco ZITEBANATRELLD I —EE PR
SRATFTLDREICAHITL. HubsDUIBHARZEL, BEREILRFIX
> hD2E (https://github.com/gree/hubs-docs-jp ) BK U 1—
2T —RICEDLEBEDERZRHTE (K4),

2 BREPIO-ERE

B4 : BFRELEITUIZE NPT ARIVA I

5.1 BBHBEEZERALEANRNVMNER

ZDEDOBERT [Promote (F18) el (SFELIEMREZRBN
9%, PromotetgEE IS, IW—L DT A5 —DHFBARELIER
EI—H—HITEARICKDHEETH D T11LThvd1—
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Prototyping Results of Driving the Behavior of Al Agents
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Al in games has come a long way since its inception, but is still woefully lacking when it comes to more emotive Al
agents. In this paper, we describe a system that will serve as the base for more emotive Al, by using stress response to
drive agent behavior. By using stressors to initiate agent behavior, we not only enable anything to become a driver for
behavior, but we create a more natural approach to Al, which will allow for emotions to be designed as well. However,
prototyping has shown that our initial use of behavior trees was lacking. Behavior trees did not allow us the dynamic
behavior we required and were hard to maintain as well. Therefore, further development of our system is required.

Keywords: Game Design, Interaction Design, Artificial Intelligence

1. Introduction

Development of Al for games is often limited to improving ways
in which Al can attack the player in a believable way, such as
path finding or making an Al agent fumble aggressive behavior
in a natural manner to give players more of a chance to retaliate
effectively. Unfortunately, approaches that would give the Al
agent a more emotional behavior are relatively non-existent and
as a result, the manners in which Al agents can show emotion
to the player have been limited to rather rudimentary methods of
interaction. For instance, in the game Persona 5 ™, interaction
between the player and the Al agent is done through scripted
text sequences, where the player is given a number of choices of
which only a few will improve the relationship between the player
and the Al agent. As such, the building of relationships is a
linear progress, where a particular variable just needs to reach a
specific value for the relationship to improve. Persona 5 is hardly
alone in this, with many other games following similar tendencies
in not allowing an Al agent a more dynamic emotional response.

In this paper, we aim to create a basis for more dynamic
emotional interactions between player and NPC. For this, we
propose a system based on the human stress response, using
stress as a means of driving agent behavior. In particular, we
will be using acute stress, which is not necessarily detrimental
to mental health ™. As such, our implementation only deals with
(almost) instantaneous reactions and won’ t deal with long term
concepts such as chronic stress.

1.1 Emotional Al and machine learning

Machine learning has already given us a number of applications
for emotional Al. However, while machine learning has its merits,
our focus is on creating a solution that is usable by game
designers. Machine learning however requires that designers
train an Al agent, which takes time and resources. In the case
an Al agent does not exhibit the desired traits the designers are
aiming for, retraining becomes necessary. Furthermore, once
an Al agent has been trained, making the Al agent react very
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specifically in certain situations is impossible and would require
a specifically trained Al agent for that very situation. As such,
machine learning is at present not suited for game development,
where oftentimes Al needs to behave according to the wishes of
the designer. We wish to focus on a solution that can be used in
the average game development process, and as such, machine
learning is not an option for this research.

2. Approach
2.1 Behavior Tree

In order to develop our Al agent, we decided to use the Unreal
4 engine. The benefits of using Unreal 4 is that it is easy to
quickly set up a game project, which allowed us to focus our
resources on developing the Al agent. Furthermore, Unreal
4 uses an event based behavior tree for its Al, which initially
showed compatibility for our stress response system.

2.2 Stressors

Our system consists out of two elements:
(1) Stressors.
(2) Stress response.

Stressors are events that cause stress to the agent and have
two properties.
(1) They have varying levels of intensity.
(2) Due to the human body trying to maintain homeostasis,
stressors degrade over time.

To calculate degradation, we use a basic half-life formula.

Equation: M) = Ne *!

Where A, is the initial quantity of stress that will decay, M%) is
the stress that has not yet decayed after time t , and A is the
decay constant of the decaying stress. We identify two types of
intensity; eustress (positive stress) and distress (negative stress).
To mimic the human fast and slow response to stress =/, we divide
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stressors into two types; instant stressors and stressors with an
effect over a period of time. All stressors are added to a single
pool of stress. Initially, we used the average of all stressors in
this pool as the output stress level, but in our initial prototyping
we found that this made Al agent response time unnaturally
fast, to the point of it being instant. To solve this problem, we
instead used the average of this pool as the target stress level,
and interpolated from the current level of stress to the target
level of stress using interpolation functions found within the
Unreal 4 engine. This gave us a slight delay in stress activation,
eliminating the instant reactions and giving the Al something
resembling human reaction time.

2.3 Stress Response

Out of available stress response models, we found that the
cognitive-mediational theory ! was the most effective to use
for our own proposed model. According to this theory, the
subject uses a two-step appraisal process to analyze stress and
determine a manner of coping based on the type of stress. The
first step is to determine whether there is a perceived threat or
not. When a threat has been perceived, a secondary appraisal is
done to determine how to cope with the threat. We based coping
mechanisms on the four fear responses; freeze, flight, fight and
fright ©, though we decided not to incorporate fright (referred
to as “playing dead” in early literature). In our implementation,
we found that fright is better suited as an extension to the freeze
mechanism rather than a separate coping mechanism.

Freeze, also known as hyper vigilance, is used by the Al
agent to gather information. Flight is then used to escape from
the stressor. If while fleeing there is no escape path, the fight
mechanism will be used to engage the stressor until escape
options can be confirmed.

Initially, the Al agent’ s reaction time due to stress level
interpolation still caused a few unnatural moments, where agents
seemed to not react to new stressors in time. To remedy this,
we introduced an “instinctual reaction” to the process, where
designers can potentially add quick and simple actions, such
as rotating to face the new stressor (Figure 1). What separates
our model from more classical approaches to game Al is that
our model assumes that flight is the end goal due to fleeing
giving organisms a better chance at survival rather than simply
fighting the stressor. Furthermore, since our system assumes
that anything can become a stressor, plenty of behavior patterns
become possible.

2.4 System Simplicity

Since we developed this system specifically for use in games,
we tried to keep it as simple as possible. The reasoning for this
is threefold.
(1) Performance is important. Since the system is meant for
in-game use, we cannot put too much strain on the system,
especially since this model will serve as the basis for much more
complicated systems.
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Figure 1: Stress response system

(2) A simple system reduces the chance of bugs appearing that
could hinder our Al agent’ s credibility, especially considering
this system is meant as a base.

(3) Ease of integration is important. Since our system has
been developed as a tool for game designers, having too many
options may make it hard to integrate into (existing) game
projects. Introducing too many variables at this stage would only
make it harder and more time consuming to integrate.

3. Prototype
3.1 Prototype Development

The prototype environment was developed in Unreal 4. To
speed up development, we opted to use functions and assets
already present in the engine wherever possible.
Due to the default character in Unreal 4 not having any ability to
exhibit facial expressions, nor having any option to add those,
we instead opted to show the Al agent’ s mental state through
the use of icons in text balloons (Figure 3).

3.2 Prototype Game Rules

For the prototype, we made a simple game where the goal is
for the player to surprise the Al agent present within the game
map. One game map has been constructed, with one Al agent
and a number of debris objects on higher elevations the player
can push down (Figure 2).
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Figure 2: The game map used for the prototype. The spheres
function as debris. When the game starts, the player is
spawned on the upper level and the Al agent is spawned on
the lower level.

If a debris object is dropped near the Al agent, the Al agent will
experience an increase in distress. The player has an additional
action, in the form of trying to surprise the Al agent, which can
have various effects depending on the current stress level of the
agent. The agent has roughly four types of behavior;

(1) If too much time passes with nothing happening (i.e. if no
debris drops nears the agent or the player doesn’ t attempt to
surprise the agent), the agent will move to a different random
location within a certain radius.

(2) If the Al agent becomes stressed due to falling debris, the
agent will first panic and freeze in place (freeze response) and
later move to a safe location (flight response).

(3) If the player tries to surprise the Al agent, but the agent is
not sufficiently stressed, the agent gets annoyed and moves
away from the player.

(4) If the player tries to surprise the Al agent when it has built up
a sufficient amount of distress, the Al agent will be surprised and
fall over.

Using these four behaviors, the goal for the player is to simply
successfully make the Al agent fall over in surprise.

Figure 3: The player tries to surprise the Al agent, but due to
lacking distress levels, the agent becomes annoyed instead.
Emotion is shown through text balloons.

4. Limitations
4.1 Behavior Tree Limitation

While initially it seemed behavior trees are a good way of
implementing our system, we quickly found that our system will
create behavior trees that are relatively hard to prototype and
maintain, which is something we wish to avoid. Developing the
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prototype also suggested that behavior trees lack the ability to
dynamically react to different kinds of stimuli. For instance, we
found that our Al agent tended to react very slowly to the player
trying to surprise the agent after the agent had been assailed
with falling debris. A potential solution to this problem could be
the use of utility Al ® instead of behavior trees. Using utility Al
the agent is given a number of tasks, which are scored based on
an interval. The higher the score, the more likely it is for the Al to
start a specific task.

4.2 Emotional Expressions

Due to this research being meant to create the basis of our
more emotional approach to Al, we were limited in how complex
the behavior of our Al agent could be. As such, for the prototype
we could only create very basic implementations of emotions
such as surprise, fear and annoyance.

5. Conclusions and Future Work

In this paper, we have presented a system where Al agents base
their decisions on the distress and eustress they are experiencing.
Using this system, we have found a much more natural way of
driving behavior, which has allowed for the creation of a basis that
allows for more emotive Al agents. Furthermore, due to anything
being able to become a stressor, the system is very versatile in what
can cause behaviors to happen.

However, we also found that in conjunction with behavior trees,
our system was not able to perform at its full potential and as
such, we wish to see whether our system could work better with
something based on utility Al instead.

For our future work, we wish to further develop this system, as well
as broaden the range of emotions that our system can output.
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