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Throughout human history, technological
advances have been used as convenient
metaphors for the inner workings of the brain. It
has thus been variously compared to hydraulic
systems, labeled lines, holograms, or digital (and
now quantal) computers. Only in the most recent
decades has the biology of this “black box”
been pried open enough to imagine going in the
opposite direction. Is a truly neuro-inspired or
neuro-morphic computation now possible?

Pioneers in neurophysiology first shed light by
characterizing response properties one neuron
at a time. This painstaking effort offered pivotal
insight forming the foundation for current deep
neural networks that can process images or
natural language. With increasing computational
power and speed, these now outperform human
experts, but not without shortcomings. Highly
inefficient in their thirst for fuel and input data,
they lack the flexibility and generalizability
that define human intelligence (H.I.). Indeed,
neuroscientists would argue that we are still far
from understanding the living brain at sufficient
detail, or even knowing what “sufficient” might
mean.

In the words of Alan Turing, however, the
solution would seem quite straightforward. In his
seminal paper on artificial intelligence (A.L), he
wrote “Instead of trying to produce a programme

to simulate the adult mind, why not rather try to
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produce one which simulates
the child’ s? If this were then
subjected to an appropriate
course of education one
would obtain the adult brain.”
( “Computing Machinery and
Intelligence”, 1950).

At the International Research Center for
Neurointelligence (IRCN), we are tackling
Turing' s challenge “how does human intelligence
arise?” from this developmental perspective.
Launched in October of 2017 as a World Premier
International (WPI) center at the University of
Tokyo Institute for Advanced Study, the IRCN
brings together neurobiologists, psychologists,
clinicians and computational scientists from
around the world under-one-roof on the
Hongo campus. Together, we seek answers
in the underlying principles of neural circuit
development and how it goes awry in psychiatric
disorders. This promises new insights for truly
neuro-inspired A.l. and innovative, computational
approaches toward better understanding the
human condition.

One might then wonder, what exactly is
“neurointelligence” (N.I)? Perhaps there are two
views. First is that N.I. lies at the intersection of
H.I. and AL The common use of ‘neurons’ in both
natural and artificial networks as a shared source

of intelligent behavior motivates large group



efforts such as your project on “Correspondence
and Fusion of A.I. and Brain Science.” Much
remains unknown how emergent properties
arise when neurons dynamically organize into
connected ensembles. At IRCN, we look to the
highly orchestrated stages of brain development,
conserved across millenia of evolution, for deeper
insight. For example, inhibitory interneurons
play a pivotal role in timing both oscillatory
activity on the millisecond scale and critical
periods of brain plasticity across the lifespan.
Only now are neurobiologists fully appreciating
the rich diversity of inhibition - poetically termed
“butterflies of the soul” by Cajal - which has
hardly been considered in modern machine
learning.

Second is that N.I. is created through the super-
additive cooperation of H.I and A.I. Ultimately,
such an approach will encompass the fruits of
H.I. - the humanities and social sciences. By
projecting a faithful replica of ourselves, N.I. will
allow mankind to strive for broader horizons

beyond our reach - to adapt and make rational

decisions in the depths of outer space or the
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oceans. In essence, we are now driving our own
evolution like no other time before. To properly
curate this, a new generation fluent in both
neuroscience and computer science is urgently
needed. IRCN has created a global ecosystem in
Japan to welcome this confluence of disciplines,
and by partnering with you, aims to nurture this
newborn field through ‘an appropriate course of
education.’

Leveraging an international network spanning
Europe (IIT, NCCR, College de France), North
America (UBC, Harvard, Max-Planck Florida),
Asia (A*Star, ION, THUAI) and growing, IRCN
launched the first Neuro-inspired Computation
course in March 2019 in close partnership with
your “A.l & Brain Project.” This course attracted
great interest from >240 applicants worldwide
and received rave reviews from the 30 lucky
participants. In October 2020, we will follow-up
with our second course leading up to another joint
event, featuring world leaders in the “International
Symposium on A.I & Brain Science.” We look

forward to seeing many of you soon at U Tokyo!
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A report of short-term visiting research in NTT

Communication Science Labs.

Irena Arslanova, University College London, Institute of Cognitive Neuroscience,

PhD student

I became fascinated with Japanese modern culture

when our TV network in Estonia started broadcasting
a Japanese anime, Naruto. I was 12 years old. Since
then, I filled most of my free time with reading
manga and watching various anime. I quickly grew
obsessed with the beauty of Japanese language, and
dreamt of one day tasting the authentic ramen. So,
when my PhD supervisor, Patrick Haggard, asked
if I wanted to visit NTT lab in Japan and conduct a
research project with Hiroaki Gomi, I could not hide
my excitement.

Our project examined how spatial information
acquired through touch (e.g., direction of force
induced pulling) can contribute to visual experience
of heading. This question had both theoretical and
practical implications. Theoretically, while most
previous studies had focused on the effect of vision on
touch, we demonstrated that tactile information itself
could contribute to visual perception. Practically,
utilizing touch to compensate or enhance visual
experience can be important in numerous real life
settings. For instance, to enhance user experience
in virtual reality environment, to create navigation
systems for people with compromised vision (e.g.,

blind individuals), and to be used as helpful cues in
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vehicles when driving in bad weather conditions.

Indeed, Gomi's lab had recently developed a
vibration gadget, which stimulates tactile signals
to create an illusory sensation of pulling. Pairing
this gadget with videos (e.g., riding a bike down a
hill) seems to induce a strong entrainment to visual
heading. People feel as if they are pulled along
with the bike. Our research sought to uncover the
cognitive mechanisms that underlie such tactile-
visual integration and provide empirical evidence.
Furthermore, our project is just one example of
fruitful collaboration between company research
organization and academia.

UCL and NTT have a very long-lasting and
productive collaboration. I had already met majority
of my NTT colleagues through yearly UCL-NTT
meetings, two in London and one in Okinawa. These
meetings have been my favorite, as they provide
an intimate and informal platform for different labs
to share fresh data and new research directions.
Every year the meeting raises its quality bar as new
external people join the discussion. For example,
at this year's London meeting we discussed the
importance of bringing together academic research
and industry. Our conclusion was that if we ensure
smooth and ethical collaboration, it's a triple win
situation. Academic research can have its maximal
impact on society while industry partners get
evidence-based solutions. Moreover, younger
researchers, like me, have the chance to get the taste
of the other side and gain valuable experience.

NTT Communication Science Laboratories is a
special place to work. It doesn' t feel quite like a
business company and yet is unlike any university
lab. Although, I was engaged in my own project, I

never felt as a completely independent researcher as



I often do at UCL. Rather I felt as a part of a bigger

team. Many people helped me set up my experiments,
especially Nakamura-san, who helped with virtual
reality and Tanase-san, who programmed the
Phantom-force device. This strong team spirit was
perhaps the main reason I enjoyed working at Gomi’s
lab.

Our experiment used virtual reality goggles to
present participants with optical flow that induced
an illusion of heading in various directions. The
force-pulling sensation was induced with Phantom-
force device that participants held in their right
hand. Synchronous presentation of both force and
optic flow created a strong sensation of heading,
and participants were asked to distinguish its
direction. We manipulated the reliability of both
visual and force cues by adding noise to each signal.
This allowed us, seemingly for the first time, to
characterize the contribution of tactile-force signals on
heading perception over and above visual encoding.
We employed computational methods (i.e., Bayesian
integration) to assess whether participants used both
tactile and visual cues to optimally adjust signal
weightings based on their individual reliability to
distinguish the direction of heading. Importantly, we
also employed an implicit measure of posture sway
(via force platform that participants were standing
on during the experiment) to assess the extent of
entrainment to heading experience.

Our preliminary analyses based on 10 naive
participants suggested that participants did benefit
from synchronous signals, but only when force signal
was reliable. When force signal was unreliable (i.e.,
corrupted by noise), it resulted in interference and
compromised performance, even if visual signal
alone could have informed heading direction reliably.
In addition, force, but not vision, induced a strong
postural response. These results demonstrate that
tactile-force signal has a significant contribution to
heading experience. However, there seems to be a
perceptual threshold that determines whether force
signal has a beneficial or disruptive effect. Specifically,
when force signal was corrupted by noise,

participants were unable to extract any directional

information, but also disengage from the corrupted
signal. Thus, our finding emphasizes the saliency of
tactile-force signals and the importance of ensuring
its reliability when designing haptic devices.

I feel very lucky for the opportunity to have lived
and worked in Japan. It's a truly exotic place. It
seems more western at the first glance and yet, it
feels like another planet. It manages to echo a feeling
of peace and flow even at the busiest streets of
Tokyo. My three months in Atsugi not only offered
me an exhilarating cultural and social adventure, but
also an invaluable research experience, thanks to
the thoughtful and hands-on mentorship of Hiroaki
Gomi. And yes, the authentic ramen was extremely

delicious.
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ATR Research Visit Report

Barry Ridge, Department of Automatics, Biocybernetics and Robotics, Jozef

Stefan Institut
Period of Stay : 1st August 2019 - 22nd October 2019

Research Work:
During my three months stay at ATR, I worked

under the supervision of Dr. Jun Morimoto in close
collaboration with Dr. Ales Ude, who was also visiting
for a shorter period. The work that was conducted
centered on extending our prior work on image-
to-motion encoder-decoder deep neural network
architectures to handle sequential data in human-
robot interaction scenarios. In that previous work -
largely conducted during my previous visit to ATR
- we had successfully demonstrated how such neural
networks could be used to allow a humanoid robot
to visually recognize hand-written digits drawn
in different poses on pieces of paper and learn
the motion trajectories required to reproduce the
drawings in the correct poses with its robotic arm’.
However, this prior work was restricted to single
image recognition. Therefore, the focus of the
research conducted during this most recent visit was
to improve the design of the model such that it could
handle sequences of images, with the ultimate goal
of enabling video-to-motion learning in experiments
in which the robot would learn to recognize actions
performed by a human in video images and respond
with an appropriate corresponding action of its own.
Although this research is still ongoing, we expect to
be able to produce experimental results on our real

system relatively soon.

1 Barry Ridge, Rok Pahi'c, Ale§ Ude, and Jun Morimoto.
Learning to Write Anywhere with Spatial Transformer
Image-to-Motion Encoder-Decoder Networks.In 2019 IEEE
International Conference on Robotics and Automation (ICRA),
Montréal, Canada, May 2019.
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Life in Japan:

Although my return to ATR and Japan was
welcome and beneficial both from the research
perspective and in terms of reconnecting with
colleagues and friends, it was also equally memorable
due to certain other particular events. Due to the
fortuitous timing of my visit, I had the chance to
support my home country -Ireland- at the 2019 Rugby
World Cup which was being hosted by Japan from
September 20th, 2019 to November 2nd, 2019 at
stadiums all over the country.

I was able to acquire tickets to all of the Ireland
games which also meant that I was lucky enough to
witness the historic match between Japan and Ireland
in Shizuoka in which Japan was victorious against a
Tier 1 team for only the second ever time after their
prior defeat of South Africa, beating Ireland19-12.
Attending those Rugby World Cup matches also
allowed me to travel to locations in Japan I might not
otherwise have visited.

Finally, I am extremely grateful to KAKENHI
Correspondence and Fusion of Al and Brain grant for

their sponsorship.
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Thirty-third Conference on Neural Information Processing Systems
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Conference on Robot Learning 2019
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IEEE/RSJ International Conference on Intelligent Robots and
Systems 2019
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Attending the "Brain information dynamics",
"Oscillology", "Brain Al" Joint Symposium

Yuzhe Li (Okinawa Institute of Science & Technology Graduate University,

Postdoctoral Scholar)

On 20th December 2019, I attended the Joint
Symposium -'Brain Inspired Computing Architecture",
held at the Hitotsubashi Hall, Tokyo, Japan. This
symposium featured four speakers from three
different areas: "Brain information dynamics",
"Oscillology" and "Brain AI”. These speakers gave
excellent talks, covering a variety of topics from
single neuron models, to brain architecture inspired
neural networks, autonomously constructed networks,
and computational methods for psychiatric diagnosis.

Professor Fukai presented a dendritic neuron
model which consists of somatic and dendritic
compartments, and operates under the self-
conditioned entropy minimization learning rule.
The network formed by this type of neurons can
perform a variety of unsupervised learning tasks. For
example, learning to selectively respond to different
temporal-spatial patterns, text sequences, directional
visual stimuli, and auditory streams. By extending the
two-compartment neuron model to include multiple
dendrites, the network shows its ability to perform
near-optimal learning in a particle filtering manner.
Their research also provides a possible reason for
why redundant synaptic connections exist among
neurons. According to Professor Fukai, in their
model a small number of neurons (e.g. 5 neurons) is
enough to generate a prior for Bayesian inference,
which indicates the surprisingly strong computational
power of single neuron on the basis of its complex
structures.

Professor Takahashi's group is devoted to
developing a new structure of neural networks
inspired by the hierarchical brain architecture. Their
work involves collaborations with other experimental
and data analysis labs, which provide a biological
foundation and experimentally verified models of
brain architecture. Based on the hierarchical brain
architecture, they introduced hierarchy to the

variational recurrent neural model, and proposed a
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hierarchical variational recurrent neural network
model (HVRNN). In HVRNN they implemented
time series prediction in lower layers with top-
down signals, and found the representation in the
lower layers became sparsely disentangled, so that
the fundamental factors in the sensor input were
extracted.

Professor Ueda presented a model for autonomously
finding connection paths amongst nodes in a
hierarchical neural network. The neural network
model is able to generate a new path when one of the
connections in the existing path is suddenly removed.
Their neural network model contains excitatory
and inhibitory inputs, and the path finding solution
is represented by phase synchronized oscillatory
solutions. I find their model fascinating, as the
autonomously generated and self-recovery connections
among nodes indicates a possible mechanism for
how the brain states transition is achieved when the
environment changes.

Professor Yamashita introduced topics relating
to computational psychiatry, a new research field
seeking to understand mental disorders using
mathematical modeling of information processing in
the brain. His methods make use of multiple timescale
recurrent neural networks to minimize predictive
coding error, and try to explore the mechanism
behind the psychiatric disorders. I think their method
will provide a useful approach for diagnosing mental
disorders from patient derived behavior data.

Overall, by attending this three-area joint
symposium, I experienced a wide variety of topics
in both brain science and computational methods
fields. Through these talks, we can see how the
brain science and the computational methods
mutually benefit each other. It is deeply meaningful
to hold such joint area symposiums which gives an
opportunity to share views between each area, and

helps to draw inspiration from each other.



MFWMBMAR [ ALTMEERTZ] 7 HEELFS

5 B8F (RNXZ REZHER BREARR)

20194E 12 H20H 2521 HIZF T —tEK¥E —1f&#
BT, FrE M EIRrge [N T aRe L iRk 4% ) 65 7 Il g
SRS INT Lz, A LR LRFI20SFSF

GBI N B AR IT o TR AR B ARV, Z
NENDF RO WTHE R Zifam 2 TbhEL =,

ZNENOKAEDOHROFELOHNS, FIAA KOG 4
BRAEDTHREDSHNVEL /. WM HMEERREDPELHD
LELCE Z T2 WEBA IR ES LR TLA, 20HIE, Z
DH OFIREHE TIIRRINTVLRWT VRLT - Ry Fk
HEED, B Ry b o AR B O EEBREITHIFIEH
D A FERINF L o EBREATHOFIRHE D, &
SAERFENFLEOFTENPOINIIIA—T 7R+ T =
ATAZAE VSIS L MR B E L7 BlZIE, FA
WA IE 64 O MM AEIZ = > 27 R B O 2RI XD
ERENDEEH IRV EL 720

ZOHh, BEEE IRy —REPMENTLIZ, 2O
RAZ—FRIZBVTIE, SOHEBICS ML TWARETOL
ERFREINFL BRSIVHBTLH 20, ZNEhOL
RSN TBY, G RRY—EYkhoTwELL K
AY =S TR FEINTN IOV TH G2 5 F B TR
W2 TR FoTW BT —<IZOWTHIREL, KE
PIRIR VAT FEIE D) TL 720 FEICFAD DRI 57 FEIE T
YFLT - RXyFHAEDHIET, —2DOHBFOIGH TIdZ%
s BROHEE OGBS B OB 2 S L 728 AR Lz
e T3 MEDOMZE. Bl 2IXESMMAEITHIMIRIE—D
DB ORERICHEHT LD L, LDV O HITF O
A G-I oM RISH BRI R 2 aEF L7, $72, RAEIER
BBN\v I 7T RO ELHEM T HILNDY, HHDOE 21T
PRI R A EE L7,

=Y IE

FH, 21 HiZ, 4)\@5‘6&75@6)%‘3@%35[‘%}“1?#9%&[,7’:0
20 HICH I &He &, G5 Rk iibnE L7z, COHL B
SEBE CTIRIL WIFZER R AR A SNELIZ, ST T,
i 2 e LS SN TR C I 3 N et 1 % AsEIZ
DWTHIRIZENE L7z T, BB LEDTya—F
YTERTN, I 7 MR EEREAMRBREOT—FIZH
T AR ERAIZFE L2, ZL T 2D TV AT
R CTHLHR LB ED grin LY X2 M AHR, ZOLU X
ZAHLT, BREOWIIH LY oM 8 2 B4 Lo 5E
IR A ANEITIT DI, ERICBE I o/l B
To A NDBAF ORI T LM, COHEBIZSMT S
FEFOMTOIAFTRL—2arZRERCRIESEL-0DH
FPMTbNFELIZ. BHFOMEHINITRL -3y TERW
PERELRTVEHRADOLLITONIDOT, [HFIHEm S
NTWEL,

L OISR, SO VETOWF TR R2HERL 7
LT RIS, COEBICE T AT OaTRL—Yare
1T 2H BR AR o728 REE L 72 2OBEHD T,
REFDEEZ LRI TT o7 BHICH BEEZRLZVERW

NEWSLETTER vol.07 21



Report of Mechanism of Brain and Mind The 20th Winter
Workshop, "Brain and artificial intelligence"

Ho Ching CHIU, Okinawa Institute of Science and Technology, Ph.D Student

In 8-10 January 2020, “The 20th Mechanism of
Brain and Mind Winter Workshop - Brain and
Artificial Intelligence” was held at Rusutsu Resort
Hotel, Hokkaido, Japan. Leading researchers from
various fields, including neuroscience, machine
learning, psychology and psychiatry from all over the
world attended the workshop. In three days, there
were 9 seminar sessions and 2 poster sessions with
altogether 54 posters.

To kick start the workshop, Prof. Kenji Doya
delivered a special session about the future
development of brain-inspired AI and suggested
there are 3 important aspects that we can further
learn from the brain for building higher performance
Al Energy efficiency, Data efficiency, and Autonomy
and sociality. Then Prof. Minho Lee explored ways
to build AI agents that can autonomously learn and
proposed the Perception-Action cycle framework,
from which both components work together to
improve and accumulate knowledge. Lastly Prof.
Richard Zemel discussed the importance of learning a
disentangled and manipulable internal representation

and demonstrated his work of conditional subspace

Variational Autoencoder.

For the second day, the topic sessions started with
a talk about consciousness, its definition and potential
ways of testing, by Prof. Masataka Watanabe. He
utilized different degree of manipulation to test

whether certain brain activities are indeed neural
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correlate of consciousness. After that, Prof. Shinji
Nishimoto in his talk demonstrated one of his works,
in which transfer learning is enabled by harvesting
information hidden inside actual fMRI readings
while training an autoencoder structure. Then,
Prof. Mackenzie Mathis showed her work revealing
the neural mechanism of how mice achieve motor
adaption according to sensory prediction error, by

applying a force field on cursor-moving task.

The final day of the workshop was first featured
by the talk by Prof. Alexander Mathis, about his

development of real-time behavior tracking tools for
animal, DeepLabCut, which could potentially enable
high fidelity behavior analysis which cannot be done
before. Next, Prof. Ken-ichiro Tsutsui gave a talk
about his discovery of the prominent and prolonged
effect of repetitive TMS on mice; the involvement
of VLPFC, vDLPFC in top-down control but not in

bottom up trial-and-error tasks; and different groups



of neurons in PFC coded for different functional
categories as revealed in a reversal task. The three-
day workshop was concluded by the talk given by
Prof. Takamitsu Watanabe, which addressed the
linkage between brain connectomes with psychiatric
disorder, by revealing the correlation between Rich-
club structure and the severity of symptoms of
ASD patients, using the method of energy landscape

analysis.

Besides the inspiring seminars, poster presentation

was also the focus of this workshop. Vivid debates
and discussion were carried out between presenters
and audiences. Not to mention the high quality of
studies, the variety of topic was also amazing, which
included, but not limited to: analysis of how empathy
is formed during interaction between counselor and
client; a self-supervised extension of the MAML model
for meta-learning; computational modeling of semantic
networks of schizophrenia patient, etc. On the final
day, the best poster award and two excellent poster
awards were announced, basing on audience’ s vote.
The best poster award went to Yuto Makino and
colleagues, for their study on “Divisively normalized

neural processing of uncertain visual feedback by the

visuomotor adaptation system” .

To conclude, this workshop is eye-opening in a
sense that the variety of both seminars and posters
were so diverse under the grand topic of Brain and
Artificial Intelligence. This exactly demonstrated how
widespread the influence of the fusion and synergy of
brain study and AI development can be. In addition,
despite the intense schedule, the attendees seemed
to enjoy the superb environment in the Resort very
much. Before the end of the Workshop, the committee
announced that the next Winter Workshop is

scheduled on 6-8 January 2021, at the same venue.
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