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From sensory substitute technology to
virtual reality research

Tohru Ifukube

Laboratory of Sensory Information Engineering, Research Institute
for Electronic Science, Hokkaido University, Sapporo 060, JAPAN

1.Introduction

The purpose of sensory substitute studies is to create images
which are similar to original sensations by transmitting information
to central nervous system through the residual senses or the
nervous systems in order to substitute the lost or damaged senses.
On the other hand, virtual reality is one of technologies to display
information which is similar to real images, and its research
approach is almost the same as the sensory substitute studies
except that the sensory substitute devices are used for only by the
disabled.

We have been carrying out the sensory substitute studies for
about 25 vyears, and have designed several substitute devices
which are in practical use or will be put into use. And also, we have
got many findings such as sensory integration, concept formation,
sensory-motor association in the human brain. I will refer to our
researches regarding the sensory substitutes and mention how the
researches have been related to the virtual reality researches.

2. Tactile Voice Coder

Through fundamental research on auditory and tactile
information processing, we developed a tactile voice coder for the
deaf about 20 years ago which has been manufactured in Japan. Our
research was broadcast as a documentary program titled "my finger
can hear letters". The tactile voice coder is a device which produces
sound spectral patterns that are analyzed in 16 frequency
components to an index fingertip by using a piezo-electric vibrator
array consisting of 16 rows by three columns as shown in figure 1.

vibrator array
RN

Fig.1. A vibrator array for tactile voice coder




The device makes it possible to discriminate the first and the
second formants of vowels, and some consonants such as fricatives.
It assists lip reading and hearing aids and also helps to obtain
feedback for speech training. It is already in practical use, and
studies on its evaluation are being done at some institutes for the
deaf in Japan. From identification tests of Japanese monosyllables
consisting of /ku/, /su/, /nu/, [fu/, /ru/, /tsu/ and /yu/, the
identification rate increased from 23% (lip-reading only) to 68%
(lip-reading plus tactile voice coder) after one week of training. We

are now improving the tactile voice coder using a digital signal
processor (DSP) to make it smaller and cheaper. The findings and
technologies regarding tactile voice coder will be applied to a tactile
display for virtual reality systems.

3. Voice Typewriter

About 15 years ago, the tactile voice coder was applied to a
voice typewriter for acquired deaf people for whom it is difficult to
learn lip-reading and finger language. This device can convert
monosyllabic voice sounds such as /a//ka//sa//ta//na//ha/ into
Japanese letters almost in real time and shows them on a display.
There are only 5 vowels and 14 consonants in Japanese. Every
Japanese word is pronounced as a series of monosyllables. For
example, Tokyo is pronounced as /to//u//ki//yo/ and /u/. Every
monosyllable corresponds to one Japanese letter. This makes it easy
to design a voice typewriter.

Fig.2. Voice typewriter

Figure 2 shows the voice typewriter in which a
microprocessor was used. Some algorithms were performed by the
hardware to decrease the conversion time. Its recognition rate is
96% and its response time is about 0.2, which changes 50
monosyllabic voice sounds per minute to Japanese letters. It is a
substitute for finger language or conversation writing. It can also be
used as a typewriter for the upper limb disabled. The voice
typewriter was manufactured and applied to the input device of a
Japanese word processor. This technology will play an important
role in interactive virtual reality systems.
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4. Cochlear Implant

I have been studying auditory prosthesis which stimulates
surviving auditory nerves of the deaf who have lost the function of
receptors called hair cells inside the cochlea. However, it was almost
impossible to continue the study in Japan because of a lack of
coresearchers. Therefore, I went to Stanford University to continue
the study of auditory prosthesis about 12 years ago. In our auditory
prosthesis, auditory nerve cells are electrically stimulated by 8
electrodes placed in the cochlea. So, spectral patterns were analyzed
in 8 steps. The 8 signals were transmitted electro-magnetically
from a transmitter outside the body to a receiver inside the body.
However, when my voice stimulated auditory nerves of patients,
they said that the perceived signals sounded very different from
voices which they remember. Furthermore, their ears were infected
twice during my stay at Stanford. So, I gave up that research.

The figure 3 shows configuration of our cochlear implant. A
hole has to be drilled into the skull in order to implant an electrical
circuit. It was impossible to use for young people whose skulls were

TRANSMITTER RECEIVER

(b)

QOQ ELECTRODE
ARRAY
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S e Fig.3. Cochlear implant

growing. It seems important at this time to develop auditory
stimulators outside of the cochlea that will improve hearing. I have
decided to change the method of the auditory prosthesis after
returning to Japan. In our new method, only one electrode is
contacted to the cochlear membrane instead of inserting 8
electrodes. This is a less invasive method compared with the
conventional ones. But in this single channel method, the amount of
transmitted information is much less than for the 8 channel
method. So, we have designed a device which can convert the
speech spectrum patterns into time sequential patterns in order to
increase the amount of information.

Although our method was not so effective for recognition of
speech especially consonants, we have acquired some findings
regarding sensory association in the human brain. These findings
will be related to create an association between virtual reality and
the real world.
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5. Tinnitus Suppresser

It has been known that fifty or sixty percent of hearing
impaired patients suffer from tinnitus which causes them stress
and sleepless. The effect that electrical stimulation to the cochlea
suppresses tinnitus to some extent was observed in the course of
developing our cochlear prosthesis for the deaf. We have treated
tinnitus patients wusing a tinnitus suppresser which we had
developed. With this treatment about 30 % of the patients answered
that the tinnitus was disappeared and any side effects were not
observed. This method, however, suppresses tinnitus for only a
short period of time, so many tinnitus suffers have long been
waiting for an implant system which can suppress tinnitus
whenever it appears.

The implantable tinnitus suppresser which we developed
consists of a wave generator, a primary coil outside the ear, a
secondary chip coil implanted under the skin of an external ear and
a Pt-Ir electrode placed on the promontory of the cochlea as shown
in figure 4. The secondary coil connected with an electrode was

Sprimary coil

Fig.4. Tinnitus suppresser

implanted for 7 patients. Using this implant system, the tinnitus can
be suppressed whenever it appears. It is also important to
investigate the mechanism of tinnitus (virtual sound produced in
the brain) in the field of virtual reality research.

6. Digital Hearing Aid

In general, elderly people who have suffered from a hearing
impairment have less ability to understand spoken language even
though they can hear the speech sounds. This phenomenon seems to
be due to a decrease in the recognition of auditory time patterns in
the speech area of the cortex. So, in cooperation with the Central
Research Laboratory of the Hitachi company, we have designed a
hearing aid which can slow down speech without any pitch
frequency change by using a digital signal processor as shown in
figure 5.
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Fig.5. Digital hearing aid

This hearing aid was evaluated and improved by our
university. In our hearing aid, first, the pitch frequency of a vowel
part is extracted, and then the pitch wave is repeated so that the
duration of the vowel part can be slowed down. We have proved
that the device is effective in catching the meaning of rapidly
spoken sentences for the elderly sensorineural hearing impaired.
The hearing aid has been manufactured by the Hitachi LTD.
Facilitating speech comprehension will become important in order
to construct virtual reality systems for the elderly.

7. Electric Artificial Larynx

Various methods for vocal rehabilitation have been applied
for laryngectomees who have lost their speech function. We have
studied the vocalization mechanism of a mynah bird, which can
imitate human voices, in order to apply it to a synthetic sound
generator for laryngectomees. An electric artificial larynx is one of
the artificial larynges for the people who have failed to master the
other substitute speech. However, this prosthesis makes it difficult
to produce natural voices. From the analysis of the mynah's
vocalization mechanism, we found the mynah can clearly imitate
phonetic information such as intonation and accent. This is the
reason why mynah's voices can be heard as natural voices by
human. In order to improve a conventional glectric artificial larynx,
we have proposed a new method that can allow laryngectomees to
control intonation by using their respiration.

expiration
ressure  Senso

vibrator

Fig.6. Electric artificial larynx



The device consists of three parts as shown in figure 6. The
first part is a pressure sensor that can detect expiration air
pressure produced from a stoma made by a surgical incision into
the neck. The second part is an electromechanical vibrator that can
be attached to the neck. By using the optimal parameters, the pitch
pattern of the electric larynx voice became clearly similar to the
pattern produced from a normal subject after one day training. This
type of electric artificial larynx has just manufactured by a
company ‘in Japan. It has been proven that intonation is very
important to make an artificial larynx voice natural. This finding is
concerned with speech synthesis used in virtual reality systems.

8. Ultrasonic Eyeglasses

A new model of a mobility aid for the blind has been
developed using a microprocessor and ultrasonic devices. In this
model, a down swept frequency modulated ultrasound is emitted

receivers

Fig.7. Ultrasound cyeglasses

from a transmitter with broad directional characteristics in order to
detect obstacles as shown in figure 7. Ultrasound reflections from
the obstacles are picked up by a two-channel receiver. The
frequency of the emitted ultrasound is swept from 70 to 40 kHz
within 1 ms, so it has almost the same characteristics as the
ultrasound which a FM-bat produces for echo location. The
frequency of the reflected ultrasound wave is reduced by about 50 :
1 by using a microprocessor with A/D and D/A converters. These
audible waves are then presented binaurally through earphones. In
this method, obstacles may be perceived as localized sound images
corresponding to the direction and the distance of the obstacles.
With it a blind person can recognize a 1-mm-diameter wire. It was
also proved that the blind could discriminate between several
obstacles at the same time without any virtual images. This
mobility aid, modeled after the bats' echolocation system, is very
effective at detecting small obstacles placed in front of the head.
vi



However, most of the blind people can detect obstacles
without these devices. This ability is called "obstacle sense". The
figure 8 shows two steps of obstacle sense, first perception and final

(3) (2) (1)
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Fig.8. Two steps of obstacles sense ((3) final appraisal (2)first perception)

appraisal. We have been investigating the mechanism of the
obstacle sense based on psychophysical experiments using blind
students. We have found the reason why the blind can detect the
obstacle is that they can discriminate the tiny difference of sound
field between with obstacle and without obstacle. We are intending
to design a mobility aid device which uses the ability of the obstacle
sense. Furthermore, we could make the blind hear "virtual
obstacles”" by controlling the sound field produced from a speaker
array. This study has also been related to virtual reality research.

9. Force Display

We have designed a force display which will be able to be
used for virtual reality system by using metal hydride actuator. A
metal hydride (MH) actuator, which uses the reversible reaction
between heat energy and mechanical energy of a hydrogen
absorbing alloy, has recently attracted much attention. Hydrogen
absorbing alloys are capable of storing as much hydrogen gas as
approximately 1000 times of their own volume. By heating the
alloy, hydrogen equilibrium pressure increases and hydrogen
desorbed, whereas by cooling the alloy, hydrogen equilibrium
pressure decreases and hydrogen absorbed.

In this way, it is possible to utilize the mechanical energy of
hydrogen gas pressure by manipulating heat. A Peltier element is
used as a heat source, and by changing the direction of electric
current to the element, the alloy is heated or cooled. The
construction of the functioning part uses metal bellows, which
insulate the hydrogen. Figure 9 shows an MH actuator. The drive
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Fig.9. An MH actuator

function using hydrogen absorption and desorption has a buff--
effect and it prevents extreme power changes or shock. Thus, this
MH actuator is tender to humans and so suitable for use in
equipment which is attached to human. The figure 10 shows a force

F‘ig.l(). Force display

display in which two MH actuators are used. We have also
developed a a robot hand with sensory feedback and a wheelchair
with a lifter using an MH actuator with 40 g alloy in cooperation
with a company as shown in figure 11 and 12.

35

%

Fig.11. A robot hand with sensory feedback




Fig.12. Wheelchair with a lifter

10. Conclusion

We have constructed a virtual reality system which consists of
a head mount display, a speaker array, a rotational chair, and a
sound proof room as shown in figure 13. The temperature of the
room can be changed in the range from -4 degree to plus 40 degree.
We are now investigating a mechanism of sensory integration. For
example, we have investigated how the rotational stimulation
influences the visual or auditory sensations. This kind of findings
will be useful to design both better model of virtual reality system
and rehabilitation devices.

Fig.13. Virtual reality systcm



Present robots and computers are also disabled from the view
point of their sensory functions. The basic findings concerning
human senses and the substitute devices for the disabled will be
useful for designing virtual reality systems and artificial senses for
robots. These technologies of the virtual reality system and the
artificial senses will be applied to design better models of
communication and mobility aid systems for people with sensory
disorder in the near future. This is my approach of sensory aid and
virtual reality researches (figure 14).

Special Education \,\
Rehabilitation/

- Analysis of Sensory Function

Fig.14. Approach of research



"The application of artificial life to interactive computer installations'

by Christa Sommerer (1) & Laurent Mignonneau (2)

(1) & (2) ATR Advanced Telecommunications Research
2-2 Amity Hikaridai, Seika-cho Soraku-gun, 61902 Kyoto, Japan
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Abstract

Christa Sommerer and Laurent Mignonneau are working
on the creation of interactive computer installation that
combine artificial life and real life by means of human-
computer interaction.

Focusing on real-time interaction and evolutionary image
processes, visitors of their interactive computer
installations become essential parts of the systems, by
transmitting their individual behavior, emotion and
personality to the image processes

of the work. Images in these installations are not any more
static, prefixed and predictable, but become 'living systems'
themselves, representing the minute changes of the viewers
interactions with the evolutionary image processes.
Natural evolution has brought about a vast variety of forms
and structures in nature. Sommerer and Mignonneau are
interested in how artificial evolution can function as a tool
of visual creation process: design should not any more be
done by a designer or artist, but should emerge through the
evolutionary image process itself.

1. Introduction:

Artificial Life has become a topic that is not only
interesting to the scientific community but has influenced
the art world as well [1].

Traditionally art was considered to be the sublime creation
of the artist, who in Immanuel Kant's [2] terms was the
genius, through who's inherited 'ingenium' nature decided
the laws of art.

However, since the early 1920 and 30 artists such as Kurt
Schwitters, Man Ray, Marcel DuChamps and others
introduced the idea of 'art as a process' in a new art form
called DADAism. Random processes and automatisms were
implied for the first time, to create such then controversial
works as for example Schwitters 'Ursonate’ or Marcel
DuChamps famous 'Ready Mades'".

In the 1950s artists like John Cage, Robert Rauschenberg,
Nam June Paik and others started to also included the
audience in the creation process, thus widening the concept
of the art work to a further dimension. 'Happenings',
"Performances' and 'Video Art' were part of a new
movement called FLUXUS [3]. It considered art as a
communication process between the artist, the art work and
the audience. Artists such as Steina and Woody Vasulka [4]
investigated the new technical and conceptual possibilities
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of Video Art since the 1960s. Other developments since
then explored the idea of the 'art as a process' further and
new art forms such as Land Art", "Installation Art" and
"Conceptual Art" were invented. With the appearance of the
new computer technologies another dimension was
introduced to the artistic creation process:

time and virtual space [5].

2. Artificial Life and Art:

Principles of Artificial Life and the emergence of advanced
computer technologies in the early 1990 allowed the artists
for the first time to study the visual creation process itself.
One of the first artists to implement artificial life principles
in the visual creation process is Karl Sims [6]. In his
'Genetic Images' he allowed visitors to choose images that
then would develop by means of genetic cross-over and
mutation. The resulting images represented a mixture of
human selection and preferences as well as artificial
genetics. Other artists and designers have been dealing with
artificial life in a more commercial and game-like fashion,
creating for example CD Roms like 'Sim Life' and others.

In 1993/94 Christa Sommerer and Laurent Mignonneau
introduced their interactive computer installation "A-
Volve", one of the first systems, where visitors could
actually create artificial creatures, interact with them and
watch them evolving [7].

In their collaboration with Tom Ray [8], a biologist and
the creator of 'Tierra', they developed this interactive system
by implementing principles and methods of artificial life
into the artistic creation process. One year later in 1995
they developed "Phototropy" another interactive
installation, that allows visitors to interact with virtual
insects [12] by nurturing them and reproducing them.

In 1996 Sommerer and Mignonneau became interested in
the building blocks of visual creation and investigated how
simple structures can create complex looking shapes and
forms by using genetic manipulations: they developed
"GENMA - Genetic Manipulator" an interactive
installation, which allows visitors to create, manipulate and
explore the design and form of artificial insects.

These three interactive computer installations shall be
described here in more details.



3. Interactive Computer Installations The same process of acquiring vertex points is applied
to the creatures section. We again acquire 20 vertex point
3.1. A-Volve [9]: for x and 20 vertex points for y, all of which are added to

the creatures genetic code, as shown in Figure 3.
In the interactive real-time environment "A-Volve" visitors
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et i il cretres n b spac o vter il
evolutionary rules and influenced by human creation and vertex points | vertex poidts! C, Brl )
decision. Designing any kind of shape and profile with their | size | length | X y | Tex |
finger on a touch screen, visitors will "bear" virtual three
dimensional creatures, that are automatically "alive" and
swim in the real water of the pool. /
Algorithms calculate the creatures form and their movement y

in space. "A-Volve" provides a novel system, where [ I o
movement and fitness is linked to the design and shape of a

creature. : R\ G¢/B I(B\L B\h T¢T¢T¢T
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\ Figure 3 shows the genetic string of the creature with its
90 parameters. Each creature in the pool has such a genetic
string, the creatures are haploid and asexual.

3.1.2.) Fitness and Speed:

size

The movement and behavior of the virtual creature is
decided by its form, how the viewer was designing it on the
touch screen. Behavior in space is, so to speak an
expression of form. Form is an expression of adaptation to
the environment. Form and movement are closely
connected, the creatures capability to move will decide its
fitness in the pool.

The distance in which a creature pushes itself forward
trough one muscle contraction, is its speed.

This speed is equivalent to the creature's fitness.

They more distance a creature can make with one muscle
contraction, they faster its is, hence the fitter its is.

Fig. 1: Side view

A special touch screen editor created by L. Mignonneau,
allows the visitors to draw any form, as shown in Figure 1.
As he draws a side view of a creature, the outline of this
drawing will be mirrored around the z-axis. Our software
now subdivides this drawing into 20 points

or vertices, that provide the length and size for each

parameter point. We then add this size and length (for details see [9]).
information to the genetic code of the creatures genetic
string, like shown in Figure 3. 3.1.3.) Predator - Prey Behavior:
20 vertex The fittest creature will survive longest and will be able to

mate and reproduce. The creatures will compete by trying to
get as much energy as possible. Thus predator creatures
will hunt for prey creatures, trying to kill them.
A creature is not born as a predator or a prey, but will

X decide whether to attack or to flee, depending on the other
/ creatures fitness and energy at the current moment.

A creature can be a predator first, but finally become a prey

when a fitter creature with more energy comes into the
y pool. The creatures therefore have to change their strategy
constantly whom to attack and whom to flee. As the energy
level (E) also decreases by each movement the creature
does, it can become hungry again, even if it has already
eaten. As soon as the critical level of E<1 is reached, the
creature becomes a potential predator.
If it is then fit and fast enough to catch and kill other
creatures, it will look for a suitable prey to attack:

points (X,y)

Fig. 2: Section

In order to get a three-dimensional form, we not only need
a side view but also depth information. This time the
visitor draws a form that represents the section through the
creatures body along the z-axis (Fig. 2).
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through his vision system the predator always chooses the 3.1.6.) Evolution:
prey that is nearest of it and will provide the most energy

with the smallest effort of movement. As the genetic code of the offspring is transported from
generation to generation and the emphasis of the system is
3.1.4.) Mating and Genetic Exchange: based upon selection for fitter creatures, the system is able
to evolve over time towards fitter creatures. Although the
If two strong creatures with E >1 meet, they can create an evolution could take place by itself and without influence
offspring and a new creature can be born. It carries the from outside, the system is designed in a way, the visitor
genetic code of its parents. Mutation and cross-over provide and his interaction and creation of forms will significantly
a nature-like reproduction mechanism, that follows the influence the evolutionary process. We can consider the
genetic rules of Mendel. (for details see [9]). visitors a form of an external selection mechanism.
The three main internal parameters, Fitness, Energy and
Genetic Code Exchange: Cross - Over Life Time, regulate the interaction, reproduction and
Parent 1 evolution among the creatures. The external parameters are
A A A A A A Ayhe visitors drawings on the touch screen as well as his

size

length VEtEX POITLs X vetex pontsy CBr, T

----------- ' y The creatures also interact with the visitors, by reacting to

| their hands movement in the water. If a visitor tries to
catch a creature, it will try to flee or stays still, if it gets
caught. The visitor so is able to influence the evolution by
0 pamdes | 2 pammees | 6pla J fOr example protection preys against predators.

| 20 pnmdes I 20 nmdes I 20 panmdes l 0 panmdes I 6p|4i]mteract10n with the creatures.
€

3.1.7.) Interaction Creature - Visitor:

I 20 panmdes l 20 pammdes I .
| size | lemgth | vatexpoins x | vetexpeintsy |CBr|Tej None of the creatures is pre calculated, they are all born
v v v Y v Y Yexclusively in real time, through the interaction of the
visitors and the interaction of the creatures. Thus a large
Parent 2 variety of forms will be possible, representing human and
. evolutionary rules. By closely connecting the real natural
Offspring 1 . >,
— o e, SPace of the water to the unreal virtual living space of the

creatures, "A-Volve" minimizes the borders between "real"
and "unreal”, creating a further step, after "Interactive Plant
Offspring 2 L Mutations randomly choosenGrowing"[10], [11], in the search of Natural Interfaces and
Real-Time Interaction.

"A-Volve" is installed permanently at NHK building,

NTT Nagoya from July 96 to July 98.

More information about "A-Volve" is available at:
http://www.mic.atr.co.jp/~christa and [9].

(¢), 94 Sommerer & Mignonneau

Fig. 4: Cross-Over and Mutations

Figure 4 shows an example of how the Cross-Over

operation is performed between the parents. 3.2. Phototropy [12]:
This newly born offspring will now also react and live in
the pool, interacting with visitors and other creatures. "Phototropy" is a biological expression describing the
Algorithms, developed by Mignonneau and Sommerer force, that makes organisms like for example bacteria or
ensure smooth and natural movements and "animal-like" plants, follow the light, in order to get nutrition and hence,
behavior of the creatures. to survive.

. "Phototropy" is an interactive computer installation where
3.1.5.) Birth - Death: visitors interact with virtual insects through a normal flash

light. By lightening onto parts of a 3x4 meters screen, the
viewer will awake virtual insects, which are born in
cocoon-like growth forms. The insects soon will start to
fly and follow the real physical beam of the viewers flash
light, seeking for their energy source, light. If the insects
reach enough light, they can live longer and reproduce;
reaching not enough light, they will die fast. Since all
insects want to gain as much energy as possible, a big
swarm of insects will follow all changes and movements of
the visitors lamp.

The "A-Volve" creatures can be born in two different ways:
1. Being created by the visitors on the touch screen

2. Being born by mating and genetic exchange of two
parents creatures

They can die in 3 different ways:

1. Starving - they couldn't get enough energy by killing
other creatures

2. Natural Death- the maximum life time was reached

3. Being Killed - a prey gets killed by a predator

X1



The visitor has to be careful: lightening too much onto the
insects, will burn them; but if carefully guided, they will
mate more frequently and increase their population.

The genetic code of the single insect is transferred from the
parents to the children: thus always new generations and
individuals of virtual insects will be born, all following and
fighting for light. The visitor in "Phototropy" thus
supports, develops and enhances the live of artificially
living insects populations.

3.3. GENMA - Genetic Manipulator [13]:

GENMA is a machine, that enables us to manipulate
artificial nature of a micro scale: abstract amoeboid artificial
three-dimensional forms and shapes.

Principles of artificial life and genetic programming are
implemented in the creatures construction, allowing the
visitor to manipulate their virtual genes in real time.
Looking into a mirrored glass box the visitor sees those
creatures as stereo projections in front of him. By putting
his hands into the glass box, he will try to grab the
creatures that are virtually floating in the space of the box.
The genetic code of each creature is schematically displayed
on a touch screen. By using his finger on the touch screen
the visitor can manipulate the genetic code of the creature
and thus in real time change and modifying its look and
appearance in the glass box.

Selecting and merging different parts of the genetic string,
and recombining them, he can engaging in more intense
experiments and learn how to create complex forms out of
seemingly simple structures at the very beginning.
Taking parts of the genetic strings, cutting, pasting or
multiplying them, adding mutations and variations,
GENMA allows the visitor to explore the tools of genetic
manipulation.

On a visual level GENMA furthermore explores the
concept of "natural design" or "auto design", a design that
is not any more prefixed and controlled by the artists, but
represents the degree of interest and interaction of each
single visitor. Each visitor will be creating the forms he
wants to see, aided by artificial genetics, mutation and
manipulation. To push it further, the audience thus will
become 'creators' or 'artists' themselves, using the power
and possibilities of such tools.

4. Natural Interfaces:

Sommerer and Mignonneau have been most interested in
the invention of Natural Interfaces, as they transport the
concept of life, variation and personality. Using for
example living plants as interface, does not only

provide an interesting new connection between computers
and a living being, but also poses the question of what a
plant is, how we perceive it and how we interact with it.
Natural Interfaces allow us to transcend our personality into
the virtual space. They also avoid the fear one has, when
entering the virtual space. Sommerer and Mignonneau so
far investigated the use of plants, water, unencumbered 3D
full body detection ("3D Video Key" [14]) and light.

XV

5. Multi-Layer Interaction and Artificial
Life:

Interaction is interesting to the visitors if it is not linear or
predictable but like a journey. The more one engages in
interaction the

more one can learn about it and explore it. Non Linear
Interaction and Multi-Layered Interaction should be easy to
understand at the very beginning and should be rich, so one
is able to discover continuously different levels of
experiences. This is where Artificial Life can provide a new
form of creation process, that is not pre-designed and
predictable but varies according to the parameters employed
in the systems.

In "A-Volve" for example artificial evolution and selection
mechanisms create a system of virtual creatures, that are
semi-autonomous and provide a variety and complexity of
forms and interactions, that are not created by the artists or
designer but by the interaction between the visitors and the
artificial creatures themselves.

7. Conclusion:

Interactivity and Artificial Life will teach us to rethink our
definition of art and will broaden our view, as it will allow
us to integrate personality, variety, processes of nature and
anew reflection on art and life itself.

The artist who creates such installations only provides the
frame work: the visitors themselves now create the art work
through their interaction with each other, with the system
and with the image processes of the work. As the images in
the installations are not any more static, prefixed and
predictable, they become like living processes themselves,
representing the influence of the viewers interactions onto
them and the internal principles of variation, mutation and
evolution. The images processes are not any more
reproducible, but continuously changing and

evolving. The art work therefore could be metaphorically
considered to be a living system itself [1], that represents
the relation and interaction between life and artificial life.
And as already Friedrich Nietsche pointed out "all essential
things appear in spite of everything" [15].
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Advances in brain research and future of artificially assisted
neural functions

Masanori Otsuka
Institute of Bio-active Science
Nippon Zoki Pharmaceutical Co., Ltd.
Yashiro-cho, Hyogo-ken 673-14, Japan

In this lecture I will try to help the audience to
understand how the brain works. 1 also wish to
present my ideas about how experts of artificial life
and robotics can contribute to brain science.

The human brain contains about 10! neurons. It
contains also glia cells and other kinds of cells, but
neurons are the most important components.

A typical neuron looks like what is shown in Fig.1.
Dendrites and the cell body receive inputs (either ex-
citatory or inhibitory) from other neurons. The cell
body integrates the inputs the neuron receives and as
a result, produces (or does not produce) an electrical
signal called action potential. The action potential
is sent very rapidly along a thin long cable, called axon.
When the action potential arrives at the ending of the
axon, a chemical messenger (or messengers), called a
neurotransmitter, is liberated and transmits a mes-
sage to the next neuron through receptors. Neurons
are connected by contacts, which are called synapses.
A neuron is connected to many neurons so that the hu-
man brain contains about 10'# synapses .

The brain function is carried out by many neurons,
and each neuron works as mentioned above. Mainly,
during the former half of the 20th century, essential
basic elements for brain functions, such as neurons, ac-

tion potential, synapses, neurotransmitters, receptors,
were clarified. In the 1950s, however, despite a good
knowledge about these elements, brain scientists re-
mained uncertain whether they could soon have a clear
concept of how brain functions were achieved by these
elements. The works of D.H.Hubel and T.N.Wiesel in
the 1960s clearly showed that this was now possible.

When you see a lion, you run away. This is typical
human behavior. In response to input from the out-
side world, you exert your action with your muscles.
What happens in your brain during this behavior ?
The scheme shown in Fig.2 is similar to that which
Dr. Hubel often uses to explain brain functions.

A light is shone on receptors (photoreceptors, which
should not be confused with neurotransmitter recep-
tors) in the retina of your eye. Each receptor transmits
the light signal to the next stage cells (bipolar cells).
Each bipolar cell receives information from many re-
ceptors and sends signals to the next stage cells (gan-
glion cells). Each ganglion cell again receives infor-
mation from many bipolar cells. Such processes con-
tinue for many stages. Finally motoneurons in the
spinal cord are activated and send signals to muscles
to cause movements. It should be noted 1) that during
the information processing, only necessary information
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is transmitted to next stages whereas unnecessary in-
formation is discarded and 2) that intense message is
conveyed by high frequency action potentials, but each
action potential is of the same size.

Now I wish to describe in more detail the advances
of brain science in terms of several important items.

(1) Neuron

Toward the end of the 19th century, it has become
gradually clear that the nervous system consists of
neurons, which are not continuous but contact with
other neurons. In other words, a neuron is separated
from other neurons but not fused with them. This
theory is known as the neuron theory, and a Spanish
anatomist Ramén y Cajal was one of the major sci-
entists to promote this theory. The contact between
neurons was named synapse by C.S.Sherrington in
1897.

(2) Action potential

The first exact recording of an action potential was
made by A.L.Hodgkin and A.F.Huxley in 1939 by in-
serting an capillary electrode into a giant axon of a
squid. The diameter of this axon is about 1mm which
is exceptionally large. The amplitude of the action
potential is about 0.11V, and its duration 1.5 msec.
The mechanism of the action potential was thoroughly
clarified by Hodgkin and Huxley in the 1950s. Action
potential is produced by initial Nat inflow through
the surface membrane of the axon and later Kt out-
flow (Fig.3).
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(3) Synapse and neurotransmitter

At the contact between neurons (or between neu-
ron and muscle), i.e. synapse, the signal (either ex-
citatory or inhibitory) is transmitted from a neuron
to the next by a neurotransmitter or transmitters.
This process is called chemical transmission, a con-
cept established in the 1920s. Many time-consuming
studies revealed neurotransmitters one after another.
Among these neurotransmitters, amines (acetylcholine
and noradrenaline) are important in the peripheral
nervous system whereas amino acids (glutamic acid, ~-
aminobutyric acid, glycine) are important in the brain;
some amines (dqpa.mme, serotonin) are also important
in the central nervous system, and some peptides play
neurotransmitter roles in both peripheral and central
nervous systems.

(4) Molecular neurobiology

Ions such as Nat and K* flow through specific ion
channels in the surface membrane and neurotransmit-
ters bind receptors to produce excitatory or inhibitory
effect. Recent progress in electrical recording tech-
niques made it possible to reveal the activity of a sin-
gle ion channel or a single receptor. Furthermore, by
the use of recent molecular biological techniques the
mRNAs encoding the ion channels and the receptors
were cloned so that the structures of channels and re-
ceptors as proteins were revealed.

(5) Cortex

As already stated, the works of Hubel and Wiesel in
the 1960s showed that we can now have a clear concept
of how neurons in the cerebral cortex (visual cortex)
work together to process information conveyed from
the outside world. They recorded activity of a single
neuron in the visual cortex of a cat or monkey, let
them see various visual images on the screen (Fig.4),
and thus made clear the modes of activity of neurons in
the visual cortex. For example, a typical neuron in the
visual cortex is activated when a line is projected onto



a specific part of the retina in a specific orientation.
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Besides making clear the modes of activities of cor-
tiocal cells during the processing of visual information,
the works of Hubel & Wiesel gave answers to our sev-
eral naive questions about the brain. Is our brain
blank when we are born and inexperienced ?
In the visual cortex of a very young and visually inex-
perienced cat, the activities of many cells were shown
to be similar to those of adult cats, suggesting that
many neural connections in the brain are already fairly
well established at the time of birth. Is there any
clear difference between brains of young and
adult animals ? Hubel and Wiesel showed that a
closure of one eye for a short period leaves a serious
and irreversible damage for vision in young cats but
not in adult cats, suggesting that proper uses of our
brain at proper times (critical periods) are important
for the full development of our innate capability. Are
brains of individuals the same at birth ? The
central visual pathway of Siamese cats was shown to be
subtly but distinctly different from that of usual cats,
suggesting that each individual has a genetically dif-
ferent, though similar, brain. These notions are easily
acceptable ones but they have now neurophysiological
bases.

We know that our brain works not only in response
to the outside stimuli, but also when we have appar-
ently no stimuli. In this respect, recent SPECT (Single
Photon Emission Computed Tomography) study by
H.Matsuda et al. revealed a surprising but very easily
acceptable fact. Schizophrenic patients often tell us
that they have clear auditory or visual hallucination
and doctors are puzzled whether they are really expe-
riencing sounds or visions. It was shown by SPECT
that auditory center in the brain of a schizophrenic
patient shows an activity which is similar to that of
normal human hearing sounds when the patient ap-
peals that he has an auditory hallucination.

Finally I wish to present briefly my thoughts as
to how experts of artificial life and robotics can con-
tribute to the brain science. I am sorry I have almost

no knowledge about artificial life so that my proposals
might be just nonsense. In modern life, we know that
many blind people walk with white cane. No doubt, a
few million years ago, when human beings started their
existence, blind people walked in a similar way. What
a pity in view of the vast progress of science and tech-
nology! To convey visual information into the brain
of a blind person, we need to develop some means to
stimulate cells in retina or visual cortex or to substi-
tute for visual information other sensory stimuli, e.g.
auditory or tactile. In this connection, it is important
to know that the brain of a child is very different from
the brain of an adult, and that the function of visual
cortex is seriously damaged if a person becomes blind
at birth but relatively intact if he becomes blind in
adulthood. I wish to encourage experts of artificial
life to have basic knowledge of brain science and col-
laborate closely with brain scientists. Our auditory,
motor, or language ability may be likewise artificially
assisted.
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Abstract

In this paper, we propose and evaluate a distributed
and parallel processing method of genetic algorithms
on the loosely-coupled multiprocessor systems. In the
experimental evaluation, we observe that the solution
quality depends on the network topology of the sys-
tem and the communication frequency. The solution
generated in the hypercube system and torus system
was uniformly better than the completely-connected
system and the ring topology system has the possi-
bility to generate higher quality solutions even if its
convergence speed is slow.

Keyword: genetic algorithm, parallel processing,
loosely-coupled multiprocessor system, network topology,
optimization problem

1 Introduction

Genetic algorithms [1] are focused as ome of
meta schemes to solve combinatorial-optimization-
type problems. Many papers reported its effectiveness
and usefulness [1]. However, genetic algorithms gen-
erally take expensive computation cost. Thus, there
are some proposals on parallel execution of genetic al-
gorithms to reduce the computation costs [2]. By the
way, the distributed computation of GA contributes
to keeping variety of chromosomes to avoid immature
convergence. Therefore, the parallel and distributed
execution of genetic algorithms has the possibility to
obtain the high speed computation and the high qual-
ity solution.

In our previous work [2], we proposed and evalu-
ated parallel execution schemes of a genetic algorithm
in distributed environments in which the chromosome
set was divided (distributed) into the number of pro-
cessors and each processor operated on the assigned
chromosome set. We call this method “distributed
genetic algorithms.” We observed that the distributed
computation of GA contributes to keeping the variety

of the chromosomes to avoid convergence at the local
minimum points.

This paper considers parallel and distributed com-
putation of genetic algorithms on loosely-coupled mul-
tiprocessor systems. We propose a parallel execution
method of distributed genetic algorithms in which each
processor element executes genetic operations on its
own chromosome set and each processor element com-
municate with only the neighbors in order to reduce
communication overhead. From the previous work [2],
we can guess that the solution quality of the parallel
genetic algorithms depends on how the processor ele-
ments communicate each other. Therefore, the solu-
tion quality generated by our neighboring communica-
tion method seems to depend on the network topology
of the multiprocessor system.

We in Section 2 describe the parallel machine model
considered in this paper and in Section 3 propose a
parallel execution method. Section 4 shows some re-
sults of the experimental evaluation. We conclude this
paper in Section 5.

2 Parallel Machine Model

In this paper, we consider distributed and paral-
lel computation of GA on loosely-coupled multipro-
cessor systems that are more suitable for massively
parallel computation and easier VLSI implementation
than tightly-coupled one. However, the communica-
tion overhead problem is serious for loosely-coupled
system but not for tightly-coupled one.

Figure 1 shows the precessor element of the loosely-
coupled multiprocessor systems considered in this pa-
per. Each processor element is composed of a com-
putation processor for genetic operations and commu-
nication processors for communication handling. The
processor elements are connected by communication
link based on the network topology of the multipro-
cessor system.
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Figure 1: Processor Element

Genetic operations are executed on the computa-
tion processor and communication between two pro-
cessor elements are managed by the communication
processors. By fuuction of the communication pro-
cessor, genetic operations and communications can be
performed simultaneously and asynchronous commu-
nication between processor elements can be realized.

3 Parallel Computation of Distributed
Genetic Algorithm

In this subsection, we describe the detail of parallel
execution of distributed genetic algorithms on loosely-
coupled multiprocessor systems.

At the beginning of the execution, each processor
generates its own chromosome set. Then as the or-
dinary genetic algorithm, each processor carries out
genetic operations, crossover, mutation, and selection,
on its population at each generation.

Since the isolated execution of genetic algorithms is
not effective [2], each processor exchanges the copies
of some chromosomes with the neighbors, called the
chromosome migration. In our method, they exchange
the copies of the chromosomes with the high fitness
value to obtain high-quality solutions.

Their communications are restricted among the
neighbors ( we say two processors are neighbors when
there is a directed communication link between them )
to reduce the communication overhead. On the paral-
lel processing of the searching-type program, the more
communication among processors in general results
in better quality solutions. However, when it comes
to the parallel execution of genetic algorithms, it is
not always true. We will show in Section 4 as ex-

perimental results that not so much communication
avoids immature convergence of the solutions, that is,
the migration interval and its size (the number of ex-
changed chromosomes) should affect the solution qual-
ity. Moreover, we will also report that the solution
quality of our method depends on the network topol-
ogy that determines how chromosomes spread in the
multiprocessor system.

The procedure for each processor element PE(i) is
shown as follows:

1. Receive GA parameters and a signal to start ex-
ecuting from the host processor.

2. Initialize a population POP(i).

Evaluate each chromosome in POP(i).

4. If it is time for migration, then send the copies of
the best k chromosomes in POP(i) to each neigh-
bor processor element, and receive those from
each neighbor, and append all the received chro-
mosomes to POP(i).

3. Select the chromosomes for the next generation
by the roulette wheel way with the elite strategy.
POP(i) is now renewal.

6. Create new chromosomes by applying crossover

and mutation to chromosomes in POP(i) accord-

ing to the crossover rate and the mutation rate.

If the termination condition holds, stop and send

the best chromosome among POP(i) to the host

processor, otherwise, go to 3.

d

~1

The condition of the z'f—statehlent in Step 4 depends
on the migration interval and k means the migration
size.

4 Experimental Evaluation

4.1 The Multiple Knapsack Problem and
Genetic algorithm

The zero/one multiple knapsack problem (3] con-
sists of m knapsacks of capacities ¢j,--+,¢, and n
objects, each with a profit p;. The it? object weighs
w;; when it is considered for inclusion in the 7t knap-
sack of capacity c¢;. The problem is to find a vector
r=uxy, ,Z, such that

n
E wijr; < ¢j j=1--,n
i=1

and

P(z) = maxz zip;
i=1



This is a combinatorial optimization problem known
to be NP-Complete and many solutions rely on
heuristic-based methods.

In our experiment, we applied our method to the
multiple knapsack problem, since we can get problem
instances known the optimum solutions.

4.2 Virtual Multiprocessor Systems by
PVM

Using the real multiprocessor systems with several
topologies is difficult because of the finance problems.
Therefore, in the experimental evaluation we used
network-connected workstations with PVM (Parallel
Virtual Machine) [4] that is a free software providing
communication and synchronization functions instead
of the real multiprocessor systems. By the combina-
tion of workstations and PVM, we can construct vir-
tual multiprocessor systems with arbitrarily network
topologies, such as ring, torus, hypercube, and so on.
Figure 2 explains the idea of the virtual multiprocessor
system using PVM. Note that to use the virtual mul-
tiprecessor systems is enough to evaluate the solution
quality generated by our parallel methods but not to
estimate its speedup effects. Thus, we need to evalu-
ate, by another way, the speedup ratio of our method
compared with the sequential genetic algorithm exe-
cution.

For the experimental evaluation, the virtual mul-
tiprocessor systems were established on IBM RS6000
Power Stations connected by the Ethernet. The par-
allel genetic algorithm was implemented by C lan-
guage including PVM synchronization and communi-
cation primitives. As communication network topol-
ogy, we employed completely-connected one, hyper-
cube, torus, ring.

4.3 Evaluation Results

We evaluate the solution quality generated by the
proposed method to investigate the influence of the
chromosome migration that depends on the migration
interval, its size, and the network topology. In this ex-
periment, we applied the method to the multiple knap-
sack problem and used the chromosome representation
and the genetic operations proposed in [5].

We experimented on 48 problem instances of the
multiple knapsack problem known their optimum val-
ues. These problem instances are available from the
OR Library [6] where problem instances with the op-
timum solutions are collected for several kinds of the
combinatorial optimization problems.
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Figure 2: Parallel Virtual Machine
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