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Analysis of Information Processing by Molecular Machines

Pigolotti Simone

Associate Professor, Okinawa Institute of Science and Technology

Our proposal aimed at understanding the optimal
performance of information-processing enzymes,
with an application to PCR in collaboration with
experimentalists. Both objectives were successful,

as described below.

Optimal performance of information-processing
enzymes. We developed a computer algorithm to
determine chemical reaction networks that can
maximize processing speed, accuracy, and at the
same time minimize dissipation. The set of optimal
solution for this problem is called Pareto front in
optimization theory. We used our algorithm to
calculate this front for different examples of error-
correcting chemical reaction networks. We found
that speed and accuracy improve for complex reaction
networks characterized by increasing number of
steps. We also studied the scaling of speed, accuracy,
and dissipation on the Pareto front. We found that
these quantities are characterized by novel, nontrivial
scaling laws. The manuscript based on our result is
available on the arXiv (arXiv/2208.09381) and it is

currently under review in a peer-reviewed journal.

Kinetic error suppression of PCR. The theory for
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accuracy and speed that we developed can be applied
to real-world examples, most notably the Polymerase
Chain Reaction (PCR). Together with experimental
collaborators at the Tohoku University (Toyabe
group), we explored whether we can use our theory
to find novel operating regimes of PCR. We found
that, combining theory and experiments, it is possible
to design new PCR protocols that operate at high
speed and accuracy, and considerably extend the
viable range of annealing temperatures. Our results
can have important application, most notably for Covid-
19 tests. The manuscript based on our result is available
on bioRxiv (Doi: https://doi.org/10.1101/2022.06.02.494611)
and is currently under review in a peer-reviewed

journal.

Workshop organization and dissemination. To
advertise our research and disseminate our result,
we organized a workshop at OIST with title “Cells,
Energetics, Information: new perspective on non-
equilibrium systems”, 6-10 June 2022. The
workshop was sponsored by the grant. We also
recently presented our results at the “3rd workshop

on stochasticity and fluctuations in small systems”
in APCTP.
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A Preliminary Experiment for Implementing Physical Layer

Security in loT Networks

Yasuhiro Takano

Associate Professor, Chitose Institute of Science and Technology

1. Introduction:
With the growth of IoT networks, lightweight and
secure wireless communication systems are in the
limelight. Physical layer security, one of the most
promising options for the lightweight solution, can
be summarized as follows: let Cgand Cg[bps/Hz]
be channel capacities for legitimate and eavesdropping
receivers, respectively. A transmitter can deliver
secrets to the legitimate receiver with a rate R[bps]
satisfying Cgp < R/Bw < Cg [1] in channels that
achieve a positive residual Cg = Cg — Cg over the
bandwidth By .

eavesdropper cannot obtain the secret correctly from

According to Shannon theory,

the leaked information even by using Al nor any
powerful computing methods. The interested methods
being able to achieve information theoretic security is
composed by integrating channel estimation [2,3],
spatial precoding, artificial noise (AN) transmission

and adaptive transmission techniques.

2. A Prototype Development of Secure Tx
System:
In this subproject, under the aim at real verifications
for theoretically studied algorithms, we have
conducted preliminary experiments of secure Tx by
using software defined radios (SDRs). Specifically,
we have been succeeded to perform secure Tx with
a throughput of 1 [Kbps] in a 2x2 MIMO system
composed of two USRP B210, However, some new
problems are arose such as synchronization of radio
signals, synchronization between an SDR device
and the host PC, and complexity problems needed

to overcome to implement the real-time processing.

3. A New Light Weight Secure Tx for loT
systems:
As mentioned above, the optimization problem to

determine AN power ratio and Tx rate is a key to
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successfully perform secure Tx. It can be formulated
as a convex optimization problem [1] regularized
with secrecy capacity Cg and the maximum power
constraint. In general, such the regularized convex
optimization problem may be solved by using the
barrier method. However, the method heavily using
numerical differential cannot always performed in
IoT devices with limited H/W resources. Hence, we
have proposed a new lightweight algorithm using
the bisection aided with cache buffers. The
proposed algorithm can, in the entire SNR regimes,
perform secure Tx achieving the optimal throughput
even with a constant computational complexity by
decresing re-computations in the neighbors around

the optimums.

4. Future Works:
It is planned to further verify theoretically studied
algorithms while improving the prototype SDR

systems in terms of synchronization issues.

Published Papers:
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Channel Estimation for Millimeter Wave Uplink
Systems with Unknown Number of Users," IEEE
PIMRC 2022.

[3] Y.-C. Jiu, H.-J. Su and Y. Takano, “Enhanced
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Systems,” IEEE Globecom ‘22 Workshop-6GComm.
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Full-Passive Human Body Communication

Using Ambient Electromagnetic Waves

Dairoku Muramatsu

Associate Professor, The University of Electro-Communications

We are particularly interested in a method that uses
electromagnetic waves in the environment as an
energy source by collecting and rectifying them with
an antenna. However, a significant challenge is that
antennas mounted on small wearable devices can
only collect weak power in a limited frequency band.
This research aims to realize a full-passive, or
battery-free, human body communication system
by maximizing the amount of power generated by
environmental electromagnetic waves, using the
human body, which is a conductive dielectric, as an
antenna element. In this research, we aim to
develop a prototype wearable antenna that can
resonate in the MHz band by taking advantage of
the fact that the input characteristics of an antenna
change significantly when it is close to or in contact
with the human body. Prior to the fabrication of the
prototype antenna, the input impedance characteristics
of the antenna, which are essential for increasing
the power generation, were investigated using a
combination of experiments and electromagnetic
field analysis.

The input impedance of the wearable antenna
worn on the wrist was calculated by electromagnetic
field analysis, and the effects of gender and skin
moisture condition were estimated in the range of 1
to 100 MHz. Furthermore, we conducted subject
experiments under the same conditions to estimate
the effects of individual user differences on the
input impedance in the same frequency range.
Using these results, we are developing a model of
the input impedance characteristics of the wearable

antenna. Based on the obtained characteristics, we
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evaluated the input impedance variation caused by
individual differences using the voltage standing
wave ratio (VSWR), which is an index to evaluate
the amount of signal reflection caused by input
impedance variation and takes values ranging from
0 (no reflection) to % (total reflection). VSWR is an
index that evaluates the amount of signal reflection
due to input impedance variation. For general
antenna systems, VSWR=3 is desirable. The
frequency response of VSWR was calculated from
the obtained input characteristics, and the worst
value of VSWR degraded by individual differences
was 2.87 for the male subject group and 2.03 for the
female subject group at 1 MHz. At frequencies
above 5 MHz, VSWR=2 was obtained for all
subjects. These results indicate that it is possible to
reduce individual differences and stabilize the input
impedance in the frequency band above 5 MHz.
These results suggest that it is possible to realize
power regeneration technology that is robust to
individual user differences by considering the
frequency of the environmental electromagnetic
field. Based on these results, a prototype wearable
antenna was fabricated. This electrode consists of a
flexible substrate and a conductive foil, which can
be bent and placed in close contact with various

parts of the human body, and can be used repeatedly.
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A Study on In-Memory Routing for Energy-Efficient
On-Chip Networks

Yuan He
Specially Appointed Lecturer, Keio University

Background and Objectives

With the diminishing return from the Moore's Law
and the limitation of power consumption, energy
efficiency of components on a chip is a very
important metric for future computer systems. In its
pursuit, spending more power to perform the actual
work (computation) is the key. However, the energy
efficiency of interconnect is improved at a much

slower pace in semiconductor manufacturing than

the improvement of energy efficiency in computation.

Therefore, as the number of transistors increases,
the complexity and size of the on-chip network
increase dramatically, leading to larger communication
overhead, which exacerbates the energy efficiency
and limits the amount of useful work done.

To address the above issues, the design of conventional
on-chip routers needs to be re-considered. In order
to achieve energy-efficient on-chip networks, components
such as crossbar switches, arbitrators, and buffers in
on-chip routers should be replaced with memory
devices for simplicity, thus enabling a new concept
of storing and forwarding traffic at the router, rather
than routing it, and we therefore name it "in-

memory routing”.
Research Methodology

To achieve the above objectives, performance
evaluations through architectural simulation are
conducted. Specifically, we evaluate cycle-accurate
operations of the proposed router using simulators

such as gem5, McPAT, and CACTI. We also

estimate the power and area of this new router
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design. The results from the above approaches are
compared with conventional routers to identify the

advantages of in-memory routing.
Results and Future Outlook

The proposed router design reduces energy since
the addressable memory block allows many
components related to arbitration and switching to
be removed from the router. Specifically, energy
consumption can be cut in half compared to the
conventional router (see the figure below). This
improves the energy efficiency of data movement in
general-purpose multi-core processors and the

applications that run on them.
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Benchmark programs

In addition, the proposed in-memory router is very
suitable for accelerators based on in-memory
processing because it also relies mostly on memory
devices. Thus, data can move through the accelerators
with less power consumption, contributing to the
energy efficiency of many artificial intelligence

applications.
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A Research on Explanation

Based on Hypothesis Building with Big Data
Hiroshi Ishikawa

Distinguished Leading Professor, Tokyo Metropolitan University

Hypothesis Interpretation and Need for
Explanation

Why is it necessary to interpret hypotheses in the first
place? In a nutshell, this is to get users (stakeholders)
involved in data analysis applications to accept the
hypotheses. Participants in data analysis applications
include analysts, domain experts, and end users.

In other words, analysts and experts need to judge
whether the whole analytical application (that s, the
big data application system) in which hypotheses
play a central role is purely technically credible. In
addition, service providers need to be accountable
for service recipients to understand and use such
applications. In other words, the recipient of the
service has the right to explanation regarding the
application as a whole, including the individual
decision of the service. Therefore, it is essential to
interpret the hypotheses as a basis.

Means of interpretation

In order to interpret a hypothesis, it is necessary to
explain the hypothesis. Basically, the structure of
explanation consists of the object of explanation and
the act of explanation. Here, we first describe an
approach to interpretive explanation that focuses on
the object of explanation.

Components of Interpretation

We clarified that the subject of the explanation
consists of the following basic components.

How to generate Data(how_d)

How to generate Hypothesis (how_h)

What features of Hypothesis (what_h)

Why for Hypothesis decision (why_h)

How to Execute data/hypothesis (how_e)

Explanation functions can be broadly classified into
three categories according to the level of abstraction
as follows.
Macroscopic explanation: including how_d and
how_h in the overall explanation.
Microscopic explanation: A detailed and individual
explanation of the hypothesis, including what_h
and why_h.
Physical description: how_e related to data/hypothesis
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generation. It is a framework for development
and offers a programming language (PL) or

SOL.

The following are targeted as individual hypothesis

explanation techniques.
Method of interpretation independent of the
model (hypothesis): LIME, SHAP, Partial
Dependence Plot, Permutated Feature Importance,
counterfactual explanation, etc.
Model-dependent interpretation methods: Partial
regression coefficients after Z score transformation
(multiple regression), determination of hyperparameters
(k-means), cluster merging based on dissimilarity
(HAC dendrogram), basis for discrimination by
lazy learning (knn), etc.
Other interpretation methods (visualization):
Hypothesis generation by difference, scatter
plot (regression), etc.

SQL as a Tool for Hypothesis Generation and
Interpretation

In many cases, data manipulation can be described
all at once using SQL-like languages provided by
various development frameworks. Data manipulation
basically consists of:
Conversion (function) Data transformation
Conditions (search) Data filters

In contrast to procedural programming languages, the

SQL language is called nonprocedural, or declarative,

where you specify what kind of data you want.

If you can use SQL, the interpretation is as follows.
The SQL command itself is the subject of the
explanation.

Created intermediate tables make the explanation
easier to understand.

In other words, compared to programming languages,

the SQL language is easy to understand and suitable

as a means of generating and interpreting hypotheses.

The above interpretation methods (excluding LIME

and SHAP) were implemented using SQL, and the

validity of the approach using the explanatory structures
was confirmed. Part of the research results will be
published by Springer Nature as a single-author book
in 2023 (tentative title: Hypothesis Generation and
Interpretation).
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Construction of Information Technologies

for Low-Cost and Safe Regenerative Medicine

Momoko Hamano

Assistant Professor, Kyushu Institute of Technology

This study proposed a computational method to
predict the combination of small compounds that
induce direct reprogramming, which directly
converts from differentiated somatic cells into
another type of cells, without bypassing induced
pluripotent stem (iPS) cells.

Experimental identification of candidate compounds
that induce direct reprogramming involves exhaustive
screening, and it is costly and time-consuming.
Therefore, the development of in silico prediction
method to predict candidate compounds that
induce direct reprogramming is needed. In this
study, we developed an in silico method to predict
the combination of small compounds that induce
direct reprogramming. First, we focused on the
molecular mechanisms of direct reprogramming,
and identify the significant biological pathways in
the process of direct reprogramming. By applying
optimization algorithm to explore the best
combination of small compounds that regulate the
biological pathways in the process of direct
reprogramming, we searched for the new candidate
combinations of small compounds that induce
direct reprogramming.

The proposed method predicted the combinations
of small compounds that induce direct reprogramming
from fibroblasts into neurons and cardiomyocytes.
As a result, a new combination consisting of two
small compounds was predicted as an alternative to
the combination of four small compounds that were
experimentally proven to induce neurons. In
addition, a new combination consisting of four small

compounds was predicted to replace the combination
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of seven small compounds that were experimentally
proven to induce cardiomyocytes. Chemical
structural similarities and common target proteins
were not detected between the experimentally
proven small compounds and the predicted small
compounds. This suggests that the proposed
method can predict novel small compound
combinations without depending on chemical
structural similarity and target proteins.

The proposed method enables prediction of novel
combinations of small compounds that induce
direct reprogramming. The proposed method can
also be applied to various cell types for which direct
reprogramming has been reported with only
transcription factors. The method can help to
replace transcription factors by small compounds
for direct reprogramming. It is expected to facilitate
the development of cell therapy in the field of

regenerative medicine.
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Development of a new Prosthetic hand

with Ultrafast Motion Estimation

Keisuke Shima

Associate Professor, Yokohama National University

1. Introduction

Various interface systems, such as myoelectric
prosthetic hands and brain-machine interfaces,
have been researched and developed to support the
daily lives for people with physical disabilities. In
recent years, artificial intelligence has been utilized
in various hardware systems such as prosthetic
hands and robots, and home appliances. However,
since there are device limitations (limitations on the
circuits that can be used and time constraints such
as the need to complete calculations in realtime),
there is no choice but to use a relatively simple
learning model or approximate model.

This project therefore was carried out with aim of
(1) propose an artificial intelligence model that can
accurate classify the biosignals, (2) realize a new Al
chip with smallsize and high-speed calculation
abilities, and (3) develop an embedded system
equipped based on the proposed Al chip.

2. Developed System
A schematic diagram of the developed robot hand

control system is shown in the Figure. The proposed
FPGA (field

programmable gate array) and can be embedded in

system is implemented on
small devices. In the proposed method, the features
of EMG signals measured via each channel of
electrodes. EMG signals are A/D converted, full-
wave rectified, and then smoothed via a low-pass
filter. The feature vector is normalized so that the
sum of all channels is 1, and is input to the
probabilistic neural network.

For motion estimation, a novel probabilistic
neural network including the approximate mixed
normal distribution model (AGMM) is used. In
AGMM, the Gaussian distribution is approximated
by power of 2 expansion and Taylor expansion.
Approximate Gaussian distribution Napp in
AGMM is expressed by the following equation.
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Based on Bayesian estimation by AGMM, the
proposed neural network can estimate the
posteriori probabilities for pretrained classes (i.e.,
hand motions such as hand grasping and opening)
with extremely simple operations (bit shift and
four arithmetic operations).

The figure also shows the system implemented on
an FPGA and the scenes of motion estimation via
FPGA. It was shown that this system operates about
760 times faster than the calculation by PC, and can
discriminate forearm motions with an accuracy of
over 99%. The developed robot hand is expected to
be used as a prosthetic hand for the amputee. In the
future, we plan to apply it to forearm amputees.

References
R. Kashiwagi, T. Mukaeda et al, “Human support

interface based on the Approximated Gaussian
Mixture Model for FPGA implementation”, RSJ2022,
RSJ2022AC2H2-06, 2022
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Development of Face Image Perceptual Encryption System

with Style Transfer

Taizo Suzuki

Associate Professor, University of Tsukuba

1. Proposed Method

This study develops a face image perceptual
encryption system that can view a natural fake face
image for a third party when showing a face in an
SNS or a TV chat, while the true face image can be
shared between the parties concerned. The outline
of the proposed method is as follows (Figure 1):

1) Sender: Generates a fake face image using a
style transfer with an encryption key from a true
face image and transmits it.

2) Receiver: Recovers the true face image using an
inverse transfer with a plaintext key from the
received fake face image.

3) Third party: Directly views the fake face image

in 1) if the third party does not have the plaintext
key, or generates a different fake face image if the
third party has a different plaintext key.
“Style transfer” is a technique that uses generators
of adversarial generative networks (GANs) to
generate new images with both features by
swapping the latent variables in each of the two
images. We also use a technique called GAN
inversion to estimate latent variables for more
accurate (approximate) image generation.

2. Experiments

We chose StyleGANZ2 as a representative style
transformation method and pixel2Style2pixel (pSp)
and HyperStyle as representative GAN inversion
methods. We used a pre-trained StyleGAN2. The
pSp and HyperStyle were trained on 70,000 face
images from the FFHQ dataset that were separated
to the foreground and background using IndexNet.
In the actual style transfer experiments, we used the
real images taken by us, which were aligned the
position of the eyes and mouth between images. We
used an image of the same person with a different
facial expression as the plaintext key.

Experimental results show that the encrypted
images were degraded from the true image, and the
plaintext images were degraded but recovered to
some extent, confirming the perceptual degradation
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Figure 1. Proposed method: (top) sender and
(bottom) receiver.

(encryption) and reconstruction (decryption) by
the proposed method. In addition, although the
proposed method requires a one-time transform
from the true image to latent variable space, the
transform is problematic because it is irreversible.
Assuming that the image without going through the
latent variable space is called the real-world image
and the image generated from the latent variables is
called the approximate image, even if the final
plaintext image can be restored to the approximate
image, the restoration of the true image to the real-
world image is not perfect with current technology.

3. Conclusion

In this study, we proposed a face image perceptual
encryption system that views a natural fake face
image to a third party but allows the parties
concerned to share a true face image. By
incorporating the GAN inversion into the style
transfer, we demonstrated that the system could
recover the approximate images with higher accuracy.
However, technical issues remain to improve the
accuracies of decryption and approximation. In
addition, higher speed and support for video images
are also needed to make the system more practical.



458 (A)  Applications (A))

(21-09)

BUWRFIERERDOYAN—T 4 HV AT LER

WIE
TR SO BT 2%

AR TR, BIROFA N—=T 4 P AN AT L
(CPS) CTHILTH 2VPER (& [BER]. Hiff (8
B %) AR IR E 72 2 X &G VaT
(R | DILEER 2 A N—T 4 P HNS AT L
IR X ¢ 5 70 OB A R T 5 2 L 2 HIY
&9 %, CPS icH\nT, BERIEHR, HEEHRICH~
LR A R IE R K & LB TO B ARER
mERE LT, HADWERRER v v 7 LT
38T ORERHBL G (D7 L S BUTHE) <
2>o% (ppt-ppm) TH 3 Z AT LNE, £V
UV TEINTERRIN T — 4% 7 — ) AT X 0
PR T — 2~ BT 2 2 L CIRIERTOEHR %M
FRAICIEEC % 2 (i) - 5 Okl Hime
DR EIRENTDH b, AWFFEHE Tl KEICRHAS
5 Rk O CRED RO RO & 7n 5 Efi R
RS 2 2 L #HINE T3,

W o N T & v 5 O YRRy - L2/ 75 a5t
13, % OWHBE, (SR EZ N L4 v 7
AT 47 ACHZEL CHIRL T 2 RKER 72 [
RETH %, L) ERET 5 00 FRE O LN (O 715
WOLIENE) DRI % FHE T 1, B{ETTICH D <R
H2SA[RE T H 2 MRIEFREL OO 27 b3, b
PNCAIETE IR IE CH B D& SR OB 57
TEBZOLHEORETH L Z LIFAHTS %,
Bz 12, G eofRENR C6 — 1 2{LAYcid, ik
FER BREELOMEMEIZ2 7 0 0EICE TET
%, KR TlZ. TOANTRET NA ZDR P gy
7 IO LT, 22T Ak R B i 5D
W, B - ALEIICERRE TR B A, TR (i
BPER) 018 (K% L) 255l 5L
W ALY R B L. 2o 0L vy
TR B v~ BT 2 T T e —F
iRz, —IHEOMET D O | HERITZ O EAEH YN
I MPATEZ L EZONTE DT BT DOIEM

26

PO (A F B A F L v ) & J 0 ERMRIERT
DRI 7% AR, BRAE 70 0 F-RRRR R RE %
xXal3 5 Loto CEEREEE 23 L BER
()« BERIICHH S 2 c 7 o T & 72, ThiE, oo TF
T RERE R BT 2 EZAMARBER L T 5%
M2 sAH AR & A L 72 AR BEEE % [ APRER ©
AN L 72 2 L IChHS T 5, ZOF LW
AREBAM LA 2 IR UCERE TS B I iE, KRHICE
F BT TR OB EE) - LA RIEE T L
~OLCHIH] - BRI 2 4803 H D . GCMS, QCM,
p-MAIRS ZD4pfr & Hic 2 7 u i 52 2 &
TACHEHE - T B EEH R 2 B L 7= 4 A 7 i
WM BIEGGHT T L EA R R TH %, BT, HIENSR
DIBEMBE T T, DX RN TELAED X I
BEETRASTHLE L THVWEZBR LTS 2%
GCMS TT ol - f#fr L. Zh b o7 — 2R
DL BT 1T I D T TR MR 2 35 T
T2 LD ARBIC TR B, MR CAE R BT FRE
T 2 RBREEFHRT 272010, 2TOWREEZ v
FIEHCESR 2 D Clde <. &R 720 74l
JE - IENEER & B 2 TN 4 A N T 22 R
T2 LIk, v PR & BN S
RGO ATREIC 72 % 6

BRI EFE IR G L

1.  Chemical Communications, 58, 6377 (2022). Selected
as Cover

Nano Letters, 22, 2569 (2022). Selected as Cover
ACS Sensors, 7, 534 (2022). Selected as Cover

ACS Sensors, 7, 2, 460-468 (2022). Selected as Cover
ACS Sensors, 7, 151 (2022). Selected as Cover

ok »N

(Japan 21-09)

Cyber-Physical System of Smell Molecular Information

Takeshi Yanagida

Professor, Kyushu University

In this research, "chemical information of odor molecules
"sense of smell", which should be complementary
information to the physical information (sound "auditory",
image "visual", etc.) that is the mainstream in the current
cyber-physical system (CPS). The physical and chemical
fragility of existing artificial olfactory sensors is an essential
problem that significantly limits their application
environment, reliability, and informatics applications
through continuous measurement. If we unravel the
origin of the polymorphism of the molecular groups that
make up odors (diversity of molecular information), we
can find not only the types of polar functional groups that
can be detected based on oxidation-reduction, but also
chemically inert non-polar CH. It is clear that the number
and molecular weight of structural isomers of the skeleton
are the essence of the diversity. For example, in typical C6-
12 compounds of odors, the structural isomer/functional
group type ratio reaches up to about 2,700. In this research,
to solve the bottleneck problem of this artificial olfactory
device, based on the spatially selective crystal growth
technology, although it is thermally and chemically robust,
the molecular skeleton (structural isomer) and molecular
weight (carbon 1 We have created new nano-oxide
interfacial materials that precisely recognize individual,
and attempted an approach to develop these new
molecular recognition materials into integrated sensors.
Through a series of studies, it was found that spatial multi-
point interactions between non-polar sites (methyl groups,
methylene groups) in the molecular skeleton and the
surface of nanosolid materials, which were previously
thought to be small and negligible, are robust. It has been
experimentally and theoretically clarified that it plays an
extremely important role in designing molecular

recognition functions. This is equivalent to partially

mimicking biological functions mediated by spatial
multipoint interactions realized by olfactory receptors,
which have extremely high molecular recognition ability,
in a rigid material system. In order to design this new
molecular recognition material interface more precisely, it
is necessary to measure and understand the complex
behavior and chemical reactions of volatile molecule
groups on the surface at the molecular level. Integrated
analysis using quantum chemical calculations and
molecular dynamics calculations that give a more
microscopic picture is essential for material design. In
addition, under the actual harsh environment of the
measurement target, what kind of molecular species and
at what concentration form the odor as a mixed molecule
group is measured and analyzed in advance by GCMS,
and machine learning analysis is performed on the data
feature values. It becomes possible to design a molecular
recognition interface material based on In order to ensure
sensitivity to extremely dilute volatile molecule groups,
instead of requiring all functions in the sensor material, by
spatially separating the molecule-selective molecule
capture/enrichment part and the current detection part in
the device, material design that achieves both sensor

sensitivity and robustness becomes possible.
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Development of Three Dimensional Transdermal Biosensing
Method Based on Multi-Angle Videogrammetry

Kenta [itani

Assistant professor, Tokyo Medical and Dental University

In this project, biosensing fibers that can be deployed
on three-dimensional (3D) surfaces have been
developed to measure the distribution of molecules on
the surface of objects, such as the human body. By
combining biosensing fiber mesh deployed surface and
multi-angle imaging system, real-time 3D mapping of
human-derived molecules would be possible.

Since the biological sample contains thousands of
different molecules, the sensor’s selectivity is
critical. Enzymes with high substrate specificity are
promising to develop sensors for biological
measurements. Enzymes are usually used in the
liquid phase, and their functions are reduced in the
dried state. On the other hand, sensor molecules
should be deployed uniformly and rapidly into the
cm- to m-scale of an observation area for this study.
Electrospinning in which a polymer solution is
converted into fibers by high voltage was used in
this study addressing those challenges.

For the proof of concept, the biofluorometric
principle of ethanol was used as shown in Fig. 1A. In
this reaction, NADH that has fluorescence (ex. 340
nm, em. 490 nm) was generated by alcohol
dehydrogenase (ADH) with ethanol and NAD-".
Therefore, ethanol gas measurement can be
performed by forming ADH and NAD" dispersed in
polymer solution into fibers by the electrospinning
method. Note that the biosensing fibers were dry after
preparation because the solvent was volatilized during
the electrospinning fiber formation (Fig. 1B). After
investigation, enzyme activity can be maintained and
used as biosensing fiber without any pretreatment

such as adding water after fiber fabrication by using
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water-soluble polyvinyl alcohol as the base material.
The change in fluorescence intensity was
observed by applying gaseous ethanol to mesh
formed with biosensing fibers in the experimental
system shown in Fig. 1C. The electrospun
biosensing fibers can be deployed on any surface,
independent of the shape of the electrode, to form a
sensor surface. This can be captured by multi-angle

videogrammetry to provide a new way of biosensing.

A alkaline
EtOH + NAD' <& AcH +%:‘H*

acidic A
ex. 340 nm fl. 490 nm

B lypholized
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C collector electrode
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D4

Fig. 1. (A) Detection principle of ethanol, (B) Fabrication set-
up for electrospun biosensing fibers (C) Experimental set-
up for gaseous ethanol imaging (Images are adapted with

permission from Biosensors and Bioelectronics, Elsevier)
Reference

1. K. Iitani et al.,, Brosens. Bioelectron. 213,
114453, 2022.
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Development of Power Generation Type Vital Sensor using Nail

Deformation Synchronized with Heartbeat

Yusuke Inoue

Associate Professor, Asahikawa Medical University

[Background] Wireless technology and ultra-low
power consumption are essential issues for
connecting medical sensors to cyberspace. Based on
the previously unknown physiological phenomenon
of nail deformation due to pulse, the development of
detection sensors and research to obtain and evaluate
effectiveness through wireless communication. In
order to bring the proposed device to market, it is
essential to quantify and evaluate individual
differences, in addition to making it wireless and
extending its lifespan. We believe that it is essential
to bring it to the market and give back to society.
Commercially available pulse wave sensors use LED
light and consume a large amount of power, but our
sensor uses piezoelectric elements to detect minute
deformation of the nail due to blood flow, so it does
not require power for detection. In order to market
sensors with these characteristics, we aim to build a
wireless function that can continuously transmit data
to protect the patient's life and a system that
transmits it to cyberspace.

[Wireless] In the demonstration test, information
was acquired by wire, but wireless is essential for
practical use. We decided to communicate two
systems, heart rate and oxygen saturation. As the
communication sampling rate increases, real-time

information can be transmitted to the outside, but

of nails

,,,,

Measurement of Nail Deformation Cross-sactlonal
with Piezoelectric Devices view of finger
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Repetitive deformity

more power is consumed. The amount of power that
can be placed on the nail is small, which is a
contradictory condition, but we decided to transmit
data at 10 Hz, which is the minimum at which the
waveform of the vital signs can be confirmed. As
shown in the right figure below, we succeeded in
transmitting heartbeat data from the false nail sensor
to the smartphone.

[Conclusion] There is no example of a wearable
sensor that focuses on fixing to the nail, and this
sensor can realize a heart rate monitoring device
without feeling of wearing. It is expected to be
applied not only to home medical monitoring
systems, but also to training devices for athletes and
general health promotion equipment. More than
60% of the people want to stay at home as a place of
terminal illness. In anticipation of such a future, the
importance of a remote monitoring system that can
quickly notice sudden changes in home care patients
is significant. Sensors that must be recharged and
replaced frequently run the risk of mounting failures
and falling off. Next fiscal year, we plan to transfer
data to the cloud, and we will challenge new ideas to
bring processing devices to market. We will develop
a communication function including external
communication to the monitoring terminal and

specifically explore the feasibility of this system.

| Piezoelectric effect |

+

Deformation
produces voltage

Wireless
communicat
ion from
sensor to
smartphone =
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Molecular Diagnosis and Visualization of Glioma Using Next-

Generation Quantitative MRI Technology and Machine Learning

Manabu Kinoshita

Professor, Asahikawa Medical University

Introduction

The proposed study aimed to diagnose molecular
characteristics and visualize the spatial distribution
of glioma by MRI. Quantitative MRI (gMRI) is an
MRI-driven method that allows direct measurement
and visualization of the T1- and T2-relaxation time
of the tissue in interest. We hypothesized that we
could perform molecular diagnosis and tumor
distribution visualization of gliomas by combining

radiomics and gMRI.
Materials and Methods

a. Visualization of the spatial glioma distribution

Thirty-four glioblastoma patients whose T1- and
T2 weighted image (WI), gMRI, and !C-
methionine PET were available were included for
analysis. TIWI/T2WI ratio map (rT1/T2 map), a
novel image reconstruction method, was created by
T1- and T2WI, followed by elucidating the
correlation between the rT1/T2 map and gMRI. As
the accumulation of !'C-methionine positively
correlates with glioma tumor cell density, the
magnitude of !'C-methionine was used as a
surrogate marker to evaluate the reliability of
rT1/T2 as a tumor infiltration marker. The
correlation between 'C-methionine accumulation
and rT1/T2 was determined by using a machine-

learning algorithm.

b. MRI-driven molecular diagnosis of glioma
One hundred

suspected lower-grade gliomas whose T1- and

and fifty-five radiologically
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T2WI were available were included for analysis.
Among the 155 cases analyzed, 25 were from
Asahikawa Medical University Hospital (AMUH),
29 were from Osaka International Cancer Institute
(OICI), and 101 were from the TCIA/TCGA
dataset. ¢qMRI was available in eight cases. The
r'T1/T2 map was reconstructed by T1- and T2WI,
followed by an evaluation of the correlation between
rT1/T2 values and IDH mutation status for lower-
grade gliomas. A cut-off value of rT1/T2 to
discriminate IDH mutation status was determined
using the AMUH cohort, followed by validation
using the OICI and TCIA/TCGA cohorts. Finally,
the difference in image characteristics between
T1WI, T2WI, and rT1/T2 map was evaluated using
t-SNE, one of the machine leering algorithms for

multivariate comparison.
Results

T1- and T2-relaxation time showed a good
correlation with rT1/T2 value at glioblastoma’s
non-enhancing lesions. Tumor burden could be
estimated by rT1/T2 map with an accuracy of
AUC=0.56. Next, the cut-off value to discriminate
IDH-wildtype from IDH-mutant tumors was
determined to be 0.666, which was validated by the
OICI cohort (sensitivity 58.8%, 56.3% and
69.2%, respectively). The
TCIA/TCGA cohort did not validate this. T-SNE
analysis by radiomic features
TCIA/TCGA cohort inherited a different image

characteristic from the other two cohorts.

specificity 87.5%,

revealed that
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A Study of Visuo-Haptic Active Guidance Approach and its

Application to Minimally Invasive VR Surgery Training System

Kazuyoshi Tagawa

Professor, Aichi University of Technology

1. Introduction

It is necessary to realize a virtual reality (VR)
surgery simulator in which a virtual expert can
directly instruct a novice. The purpose of this study
is to develop active teaching methods for efficiently
transferring the “knack” of the expert surgeon and
apply it to a minimally invasive VR surgery simulator.
Here active training method is used, where an
environment where the novice can move with a
certain degree of freedom reproduced, while being
escorted by the expert surgeon who intervenes only
when the movement deviates significantly from that
of the expert surgeons.

2. Proposed Method
2.1 Active teaching method for hand movement

We propose a method in which a force feedback
device, PHANTOoM, is attached to the back of the
novice's hand and actively teaches the novice to use
similar hand movements as those of the expert
surgeon. In this method, the novice can freely move
their surgical instrument only within the space
y from the tip position of the surgical instrument of
the expert surgeon in the ds before and after the
time passed since starting training. If the novice's
operations exceed the range of free movement
described above, a teaching force is applied to keep
the novice within the range. We apply this
technique to both of the novice's hands and to the
teaching of several minimally invasive surgical
procedures. In the experiments in the next section,
we consider y = 10 mm and d = 0.5s.

2.2 Active teaching method for vision (gaze)

When driving a car, the driver needs to pay
attention not only to the vehicle in front of him/her
and to traffic signals, but also to the pedestrians
jumping out from the left or right. Similarly, in

surgery, it is necessary to pay attention not only to
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bleeding in the Calot triangle but also to bleeding
from surrounding organs. In this case, the expert
surgeon may be able to check the condition of
surrounding organs efficiently using peripheral
vision without moving their eyes around too much,
and this tendency has already been confirmed in our
preliminary experiments.

Therefore, we propose a method to make the
novice's gaze tendency closer to that of the expert
using text or voice messages. Specifically, we provide
instruction to the novice when the depth of the
novice's gazing point obtained from the eye tracking
device remains below « for more than B seconds. In
the case of the text-based instruction, a message
encouraging the novice to pay attention to his/her
surroundings is displayed in the lower right corner of
the screen. For the audio instruction, an audio message,
similar to the above mentioned one, is played to
remind the learner to be aware of his/her
surroundings.

3. Experiment

To confirm the effectiveness of the proposed
method, we implemented the proposed method into
the minimally invasive VR surgery simulator, and
conducted teaching experiments of some procedures
involving laparoscopic cholecystectomy. The results
showed that the pointing accuracy of the active
hand movements was higher than that of the passive
hand movements. In the visual (gaze) teaching, the
depth of gazing point was deeper after voice
teaching, similar to that of expert surgeons.

4. Summary

In this study, we proposed two types of teaching
methods and confirmed the effectiveness of both
methods. In the future, we would like to test the

long-term retention of learning using both methods.
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Development of an EEG-Based BMI that Supports Communication

of People with Severe Motor Deficits via Internet

Ryohei P. Hasegawa

Senior Principal Researcher, National Institute of Advanced Industrial Science and Technology

[Social Background)

Patients with severe impairment in motor function
due to progressive neurological diseases or stroke
may have difficulty speaking or writing, even if their
sensory and cognitive functions are normal because
their motor function has decreased significantly. In
order to support their communication, the PI of this
research has been working on the practical
Neurocommunicator®, a
(EEG)-based

communication device (Hasegawa, 2012). With this

development of the
brainwaves/electroencephalography
(people with motor
impairment) who wear a highly convenient headgear

device, assumed users
utilize an EEG signal as a switch to select a message
(picture card showing nursing care needs, etc.)
hands-free, and the dialogue of a CG avatar is
displayed. However, until now, the target audience
for communication with prototypes has been limited
to people in the same room (family members and
helpers) who can see the sub-monitor connected to
the system control PC. Therefore, this current
prototype did not allow daily communication with
remote partners. In this research, we carried out
advanced development so that even people with
severe disabilities can exchange various messages

with remote partners via the Internet.
[Outcome]

In this research, we worked on the following three
sub-themes.

B Sub-theme 1. "Construction of a general-
purpose (DB)":

frequently used daily life situations will be created

message database Various
so that the assumed user can have a general
"conversation" with family and friends who live far
away. A 2-level message database with 64 types was

constructed.

B Sub-theme 2. "Development of a hierarchical
message selection system™: Develop a system that
can select the messages collected in (D in two layers
(8 categories — 8 specific options). At that time, the
input is not only for the brain wave input for the
disabled, but also for the touch panel input for the
able-bodied, so that both can share the same
system/DB.

B Sub-theme 3. “Developing an environment for
sending and receiving messages via the Internet”:
Using the DB and system prototyped in 1 and 2, a
fixed 1P

communication between the two could be carried

address was obtained so that

out via the Internet2. Messages can be transmitted

by UDP communication between users (Fig. 1).

;?a Y

<’ Bam ~
L8 lis] = 4
BoE )
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Fig. 1 EEG-based communication via the Internet

[Future Plan)

The results of this study indicate the possibility that
severely ill patients can use SNS to communicate
with people who are far away, and about the
contents of daily conversations, just like SNS, which
is popular among the general public. is. Of course,
we will continue to support the communication of
personal care needs, etc., while expanding the
database of selectable messages in this system and
making it easier for patients to participate in various
social activities. It also makes it easier for patients
to disseminate information about their existence
and the difficulties of their lives, and to build
networks with patients and supporters who are in

the same situation.
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Development of Novel Learning Modality

for Cardiopulmonary Resuscitation Using Virtual Reality

Youichi Yasui

Senior Lecturer, Teikyo University School of Medicine

[Background]

Cardiopulmonary resuscitation (CPR) is a life-saving
skill. In the hospital, any staff must have high-quality
CPR skills, as sudden cardiac arrest in patients may occur
at any time. Although CPR skills is a basic technique, it
is impossible to maintain permanent knowledge and
skills, so regular training is recommended.1) .V
Traditionally, the standard training method of CPR has
been a face-to-face, lengthy session; however, the
COVID-19 pandemic has been disturbing the
conventional training methods, which suggests the
necessity of the alternative training method.

Recently, the usefulness of training in CPR using
virtual reality (VR) has been reported overseas, and
several studies have shown equivalent effectiveness
as instructor-led face-to-face training.>® However,
there is no clinically practical VR training tool for
CPR in Japan, and the medium- to the long-term
effectiveness of training has not been clarified.

[Objective]

To develop a clinically useful VR training tool for CPR,
and to determine its usefulness through an intervention
study comparing it to existing face-to-face training.

[Methods]

<Development of a VR training tool for CPR>
A scenario was developed based on the American
Heart Association (AHA) CPR guidelines, and
video recording and narration were conducted to
develop a VR training tool.
<The contents of the developed CPR VR>
- Basic Life Support (BLS): Primary life support
in the hospital
Initial  response and  assessment when
encountering a patient with sudden cardiac arrest
Chest compressions

How to use an AED
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Artificial respiration using a bag-valve mask
(one-person method)
Artificial respiration using a bag-valve mask
(two-person method)

<Randomized open-label trial >

The study design will be a randomized, open-label,

controlled trial (in compliance with CONSORT

2010), and participants will be doctors and nurses

working at the University Hospital.

Participants will be randomly divided into the following

four groups for training and practical skill tests to

determine the retention of CPR skills based on their scores.

(1) Face-to-face training (on the day of the training
and 1 months later)

(2) Face-to-face training (on the day of the training
and 3 months later)

(3) VR training (on the day of the training and 1
months later)

(4) VR training (on the day of the training and 3
months later)

[Progress])

The COVID-19 outbreak continued to make it
difficult to conduct intervention research within our
university hospital. We plan to extend the research

period and collect data.

<References>
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Cyber Loafing at Working Remotely at Home:

Assessing the Effectiveness of Remotework

Ako Agata

Graduate Student, Kyoto Prefectural University of Medicine

Deviant behavior in the workplace has changed
since the beginning of using computer for work.
Before, workplace deviant behavior was more visible
such as leaving the office. Nowadays, workers
invisibly engage in it by internet. Companies suffer
from this new type of the new type of workplace
deviant behavior: cyberloafing — the use of the
Internet by employees to access and send emails for
non-workrelated purposes during work hours.
Common use of cellphone made workers engage in
cyberloafing more than before.

The COVID-19 pandemic has affected the way to
work. Workplace changed from office to home.
Remote work is getting common after the pandemic,
however, it is still unknown that remote work is
more effective than office work. Apparently,
workers are likely to engage in cyberlofing than
office because co-workers and supervisors are
absent at remote work. Here, we explored the
effectiveness of remote work by focusing on
cyberlofing during remote work.

Our research revealed that severe cyberloafing
such as using a dating app, managing a blog, and
browsing pornographic website, increased by 10
percent at remote work, compared with at office

work. Next, we categorized 30 cyberloafing
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behaviors into 5 factors — Mail, SNS, information

and shopping, severe cyberloafing, non-
cyberloafing behavior (drinking alcohol, engaging
in house work, caring kids).

Work motivation was not related to any factors.
Stress, interpersonal relationships at work positively
predicted only severe cyberloafing not mail, SNS,
information and shopping, and non-cyberloafing
behavior. Workers with stress or bad relationships
with people at work were likely to engage in severe
cyber loafing. The result suggests that common
experienced cyberloafing such as mail, SNS,
information and shopping, and non-cyberloafing
behavior is not perceived as deviant behavior for
remote workers. In Personality trait (Big Five),
conscientiousness predicted severe cyberloafing as
workers with conscientiousness are less likely to
engage in severe cyber loafing, shown in the study
of social loafing.

Interestingly, workers whose commute time
decreased by the start of remote work reported that
they got better work at remote work than office work
and less likely to engage in cyberloafing. The result
suggests that personal cognitive schema for remote

work would affect the work effectiveness at remote

work.
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Quantifying and Investigating the Delay of Japanese Research

Topics Using Large Bibliometrics Dataset

Kimitaka Asatani

Project Lecturer, The University of Tokyo

Globalization and investment in science are
narrowing the gap between countries not only in the
number of published papers, but also in the number
of high-impact papers. Moreover, disparity in
investment in science between countries are
diminished. Conversely, in each field, cutting-edge
topics are often biased toward certain countries.
However, these microscopic analysis requires
extensive effort and has not yet been generalized
across all fields.

In this study, we quantify national research topic
progress using time-series comparisons of the
references in published papers. The comparison
identifies the microscopic difference between the
research topics of nations. Assuming that the
aggregate reference list in a country's papers
represents the overall picture of its involvement in
that research topic, and the 71 million research
papers in Scopus were used to identify prior and
subsequent relationships in the research topics of
pairs of countries. For example, Japan tends to
engage in research topics similar to those previously
engaged in by the United States (Figure a,b).
Figures show time-series comparisons of research
topics between the U.S. and the U.K./Japan, with
2015 as the base year. While no time differences are
observed between the U.S. and the U.K.
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Moreover, the accumulation of two-nation
comparisons, which we define as the Topic Progress
Index (TPI), reveals a long-term leading—following
relationship between Western nations and Asian
city-states, on the one hand, and other nations.
(Figure c).

We also with  high

information centrality (i.e., scientists with high

showed that scientists
eigenvector centrality in the coauthorship network)
play an important role in steering the progress of
their research topics. These highly information-
centric scientists are more likely to be found in the
U.S. and Europe, indicating that the percentage of
highly information-centric scientists in many
countries is correlated with the progress of their
research topics. These results support national

global

coauthorship, recruit top scientists, and encourage

research  strategies  that  promote
scientists to travel abroad and return home. They
also show that scientist relationships continue to
contribute to scientific development in the era of
disclosure and explain the failures and successes of
national investments in science.

This study are under review in a journal.
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Women’s Political Expression on Social Media in Japan*

Aki Tonami

Associate Professor, University of Tsukuba

Japan ranks 121st out of 153 countries in the
Gender Gap Index, with particularly low scores in
politics and economy. While the promotion of
women's political participation is urgently needed
to reflect the diverse interests of society in politics,

data and statistics on women's interests and

awareness of political issues are insufficient in Japan.

This is partly because the country has been slow to
respond to global scientific discussions on gender
and sex differences.

Regarding political participation, there are
several studies on voters’ political expression via the
Internet or social media. As mentioned, however,
there are few such studies on Japan, especially those
on women. This is not because women are less
willing to use the Internet or participate in politics,
but rather, most social media studies focus on media
spaces such as Twitter and Facebook, where male
users are assumed to be more vocal and prominent.
In addition, the research has shown men and
women exhibit different interests in political issues;
for example, women are more interested in welfare
and environmental protection than men. In other
words, it is not that women lack political interest,
but that research on Japanese women's political
expression on the Internet is largely absent.

Against this background, the first step was to
conduct an online survey of voters nationwide to
grasp the actual level of political expression on the
Internet and social media. This is partly because,
according to existing research, we know that the
overall use of social media in Japan is lower

compared to other developed countries such as the

U.S., UK., and Germany, at around 30% of the
population. In addition, experience of political
participation other than voting is generally not very
high in Japan. At the end of September 2022, we
commissioned Rakuten Insight to conduct an online
survey on social media and political awareness. The
survey’s target population was men and women
aged 18-69 nationwide, who were provided with 37
questions. We collected a sample size of 1,500.

The following are tentative results. Firstly, there
was no significant difference between men and
women regarding their experience of political
expression on the Internet or social media. In terms
of medium, however, the comment section of
Yahoo! Japan’s ‘Yahoo! News’, which can be
categorized as a bulletin board, seemed to be the
most popular venue for political expression. This
result is likely very different from similar research
based on data from North America or Europe.
Regarding information related to gender that voters
come across on the Internet, we observed that there
was a difference between men and women. For
instance, more women than men accessed
information about marriage, divorce, child rearing,
and housework, among others. We will conduct a
turther analysis of the obtained data, such as the
relations of user attributes (class, occupation,
education, income, age, gender, political party
support, etc.) and political expression. We intend to
write articles based on the analysis, which will be
submitted to conferences such as the International

Studies Association or journals like the Asian Survey.

* Research Theme at the time of grant presentation: A Study of Political Attitudes Among Female Users of Social Media



AN &8

Humanities and social sciences))

(21-19)

FRAXEBRABICHE TSI 22T 1 BE~NDEBRSEICET 5K

H

[EEHS

R TR T 0%

3=

BRI 7e i A R0 WA fE ARG D 2 1 2
ST 4GB~ ST SRR L. HHEOEE
mbE3dszer2HMICEY AL, REEFEIF
OfEEOMME L R Ichbez Ul TRy MMk
WaHIET 2> 27 L 2R L. FRHISGRAR T
ZRUFMOER Y B koD THRET 2,

BERGTO=—XRAE

¥RToa a7 4AEHE L OERICERL.
BENO REAEIERAEZMH - AW
RE AR LR S R ATI Ta R v - REREE
BEEZ 227 BREL 2,

FI. X7y MRRKICRRINSZREZ TR
Ry MabRbk s SRS 2 > X7 L 25F L.
B SE R~ b RAATRALTD b oz, #
FORRT 2Bl L 72458, —fo REEEIT R L
—RICBERTE 20D, %< D REAGEIZA
PFEERH D, Krviufy MEBKoB % %
BRI 2 2 L BHEDINEECH 5 72, 72, HIRA
N X B2 D 2 WEEEF 24 TH - 72,

BEUIDOTYS Y

REAEORE» . KRGO EE = — X2
W Loz, £ 2T, BEOHEM L A
Hbe T 1 ICRT 450 Ul 2BFL7-, 2%
NOEATI.Z 7Ly MR, Y aA X7 4 v 7,
1RE2 Yy THO, BEFICHRZIEEHMAEENENIL
HAEEENRET S,

1 EZ VI T ic—ERBAZ T e Ry i
PRt 7 v X L @ifE % 35, 2 Ao Ul ¢l
it oBE L | RR7 7 > o4 v 4+ 7l
T&2, T . AMANB LI E2 7L vy MK #
YEMIANIC I 2 1I278 9 AR 7 — L B fHAIA AT,

46

home Webcam
nong = PC i PC
mild Eal={2ivmo I¥
ﬂ_ zaze input control signal EBIuetooth
a5 g :
g & Biuetooth ™., ¥ MCU
oE
= a Dtablet _""—'@
= < ioystick Bluetooth : )
I I_ h“\_‘__ i R::c,t:q
severe +vacuu
‘mn MCU Bluetooth cleaner

1 BEIZADYE UL &3 X7 LR

Move Icon x4

> Robotvacuum

B8 Gaze inputdevice

2 AN UL & AR 47— L@
74—V FEE

B L 72V AT L0 REZFHET 2 729, FF
MR ETT7 4 =V FEBZFRKBL 72, EED
FEEEEICADbE T 4 o Ul ZHELEZ
B, POREAFED AL XY AT LEFHAT
27, O T2 BT 5 & WEAFEIZEWLIC
EEI~IY A TEY BER RO N, 20 H
FI~DA v A 2 =Tk, WEAEIEE OIEE)
XToyAhrhEz L cniztol&ErEgEsn, —
TE DR &L T % 7z,

BhYIC

X EHEOMRE 3 3 2 =7 4 iE#)~%E
HDHMEERTE AT LEHIKL T, 5.
HBEWGCOR A ZMEE L. X 0 3 7 zh SHE
EEMT 5, b, KT — < ICBE L CEES
i 1M ENIgES 2 fFo BAR R 2 i L 72,

(Japan 21-19)

Remote Participation in Community Activities

for Special Support Education

Mutsuhiro Nakashige

Associate Professor, Shonan Institute of Technology

Overview

The purpose of this study was to improve the quality
of education for students with physical disabilities
by providing them with opportunities to participate
in community activities at a distance. We developed
a system to control a robot vacuum cleaner with a
UI that matches the type of disability that students
have, and conducted an evaluation experiment at a

special-needs school.
Needs survey at an educational site

We focused on cleaning as a community activity at
school, and assumed that students in the classroom
would use a cleaning tool, while students at home
would operate a robot vacuum cleaner from a
distance by gaze input.

First, we developed a system to control a robot
vacuum cleaner wirelessly using buttons displayed
on a tablet device, and brought it to a special needs
school for trial use. We observed that some students
were able to operate the system smoothly, but
had difficulty

connection

others in understanding the

between the buttons and the
movements of the robot vacuum cleaner due to their
intellectual disabilities. In addition, two students

had experience operating the robot by gaze input.
Design of Operation Ul

Based on the results of the field survey, there was a
high need for causal learning. Therefore, we
developed four types of Uls, shown in Figure 1,
according to the type of disability. The latter is
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intended for students with more severe intellectual
disabilities.

In the one-button Ul, each press of the button
causes the robot vacuum cleaner to perform a
random action over a fixed period of time. The other
Uls allow back and forth movement and on/off
control of the cleaning brush. In addition, the AR
game shown in Figure 2 was built into the gaze input

and tablet device operation screens.
Field Experiment

To evaluate the acceptability of the developed
system, a field experiment was started at a special-
needs school. All students were able to use the
system smoothly, due to the four types of Uls that
were prepared according to the type of disability.
Observation of the operation of the system showed
that the students were concentrating on the
activities and smiling. In an interview with the
teachers, they answered that the students were
more lively than in normal activities, confirming a

certain level of effectiveness of the system.
Conclusion

We have developed a system that enables remote
participation in community activities in the field of
special needs education. We will continue to use the
system in educational settings and measure its
effectiveness in more detail. In addition, we made
one oral presentation at an international conference
and two oral presentations at domestic research

meetings related to this research theme.
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A Study on the Time Dependence Effect of Voluntary Restraint
by Government on Consumer Psychology, Expenditure, and
Mobility under the Covid19

Kenya Fujiwara

Professor, Kobe University

Aims of this study

In this study, I empirically examine changes in
consumer behavior since the outbreak of the covid-
191in Japan. Tuse consumer purchasing panel data
including the sentiment and foot traffic and
examine whether changes are temporary or not and
the government policies during the covid-19 (e.g.,
Emergency declaration, Cashless point reward
project, Special monetary transfer, and the GoTo
campaigns) influenced these changes. This study is
based on long-term panel data from before and after
the Covid 19

comprehensive and unique compared to previous

outbreak, which is more
studies focusing on specific time periods or policies.
Data and Methods

The study is based on consumer purchasing panel
data provided by Macromill Inc., including
purchasing time, shop, means of payment, and
monitor's attributes (gender, age, occupation,
income, etc.), with additional questionnaire surveys
on sentiment as well as foot traffic. The sample
period is from July 2019 to May 2022 and the
monitors are 1178 in the Tokyo metropolitan area.
Figure 1 plots the location of consumers' purchasing
shops before and after the 2020 emergency

declaration and Figure 2 also shows the distribution

of expenditure in a day.

' 3
i

Figure 1

Figure 2
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The method in this study is a panel regression
analysis (random effects model), with the following
explained variables: 1) overall consumption
expenditure, 2) eating out & travel expenditure, 3)
online consumption expenditure, 4) cashless
payment ratio and 5) purchasing time (weighed
average). And for explanatory variables, 1)
consumer attributes, 2) policy dummies variable
(period of the policy implemented), 3) the number
of covid-19 infections (new and injured), 4)
consumption tax increase dummy and 5) time
elapsed since the Covid-19 outbreak, were used.
Results and Conclusions

For overall consumption, the consumption tax
raise, the declaration of emergency in 2020 and the
number of injured had significant negative effects,
As for special monetary transfer, a positive effect
was observed for the lower income group. For
dinning out & travel expenditure, the GoTo
campaign had a significant but temporarily positive
impact. For online shopping, the impact of the
restrictions of going out is more significant than the
number of people infected. For cashless payments,
there was a significant increase in cashless payment
even after the end of the point reward project, For
the purchasing time in a day, the declaration of
emergency in 2020 and the number of infected
people have had a significant negative impact which
is particularly the case for senior consumers.

The GoTo campaign has been repeatedly
implemented and this study does not adequately

take into account changes in consumer wages and

employment These are issues for future research.
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A Research on Data Protection Law and Class Action in

Germany and EU-Focusing on the Public Nature of Privacy-

Ryosuke Miyao

Researcher, The Japan Research Institute for Local Government

In the light of the fact that it is difficult for the
individual to exercise their rights under the Act on
the Protection of Personal Information, this research
aims to support the exercise of the individual’s rights
or to provide personal information (by administrative
agencies or Business Operator) on behalf of the
individual. It considers the design of remedies and
legal systems to supervise handling information.

The problem awareness of this research lies in the
following points. Current Acts give individuals legal
means to control their personal information (such
as the right to request correction). These rights are
realized through court proceedings, and as a result,
the obligations of business operators and administrative
agencies under the Personal Information Protection
Act are realized. In practice, however, it is difficult
for individuals to exercise such rights. A large
amount of personal information is handed by global
companies represented by GAFA. Information
handling by police and national intelligence
agencies is also entensive and covert. Under these
circumstances, it is difficult for the individual to
recognize the illegal handling and use of personal
information. As a result, judicial remedies become
difficult, and even the Personal Information
Protection Act itself may not be fully observed.

It became necessary to consider the possibility of
designing a legal remedy system that fills the gap in
the personal information protection Act. This
research focused on the systems of EU and
Germany, and examined what kind of institutional
measures were (or were not)taken to deal with these

problems. The focus of this study is the EU and
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German personal data protection class action
system and the information gathering activities
(based on the G 10 Act) of the German intelligence
agency. Through this research, we have obtained
the following results.

(1) GDPR and German’s law allow class action
lawsuits against violations of the Personal
Information Protection Act. In the background of
this system, there are limits of supervision by the
authorities, and the fact that the violation of the law
are large-scale and widespread, making it difficult
for the individuals to exercise their rights.
Designing system, we must consider some
problems: nongovernment organization should be
allowed to claim damages without individual's
delegation or not, abuse regulations and how to
cooperate with administrative agencies. (2)it is
difficult for individuals to recognize that their rights
have been infringed, because information gathering
activities by intelligence agencies is in the secret and
large scale and this makes judicial remedies difficult.
Therefore, it is argued that it is need to establish
class action or non- judicial remedies.

Conclusion: (1) Because Personal information is
collected on a large scale or secretly, judicial
remedies by individuals are difficult. @ It is
necessary to consider objective control means(class
action and pre-and post facto supervisory bodies).
On the other hand, how to combine judicial
remedies with other means of control, and what

kind of remedies are appropriate for what kinds of

violations, is a subject for the future study.



(USA)

Genome-Scale Learning of Molecular Phenotypes

for Personal Genome Interpretation

Nilah Ioannidis

Assistant Professor, University of California, Berkeley

Genomic deep learning models can predict genome-
wide epigenetic features and gene expression levels
directly from DNA sequence. While current models
perform well at predicting gene expression levels
across genes in different cell types from the
reference genome, their ability to explain expression
variation between individuals due to cis-regulatory
genetic variants remains largely unexplored. Here
we evaluate four state-of-the-art models—Enformer,
Basenji2, ExPecto, and Xpresso—on paired personal
genome and transcriptome data and find limited
performance when explaining variation in
expression across individuals. When the models do
pick up on regulatory variation, for a limited set of
genes, they often fail to capture the correct direction
of effect of such variation on expression. In
particular, we find a number of genes with strong
negative correlations between predicted and

observed expression levels, for which the models

52

have likely identified causal variant(s) but
incorrectly predicted their direction of effect. In
addition, our cross-model analysis reveals the
intriguing result that models often strongly disagree
with one another on the predicted direction of
genetic effects on expression, and that agreement
between models on the magnitude of cross-
individual correlation is greater than their
agreement on the direction of correlation, further
supporting the conclusion that current deep
learning models recognize the presence of
important regulatory variation but struggle with
understanding the direction of effect of such
variation. Our work highlights shortcomings of
current deep learning models of gene expression
when applied to personal genome interpretation
and suggests avenues for improving model
architectures and training strategies to enhance

their learning of the effects of genetic variation.

(USA)

Offline Reinforcement Learning:

Robust and Reliable Decisions from Data

Sergey Levine

Associate Professor, University of California, Berkeley

Over the past year, our research on offline
reinforcement learning algorithms resulted in a
range of new methods that both deepened our
understanding of offline reinforcement learning
methods, and enabled new and exciting
applications. Among these, we've developed
algorithms for offline RL that enable enforcing
supporting constraints, which provides a more

favorable tradeoff between conservatism (avoiding

actions with unknown outcomes) and performance,
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we developed a more principled algorithmic

framework for online RL finetuning from
initializations learned via offline RL, and we
designed algorithms that make it possible to utilize
diverse sources of data for offline RL pretraining.
We've also investigated the applications of these
methods to image-based robotic control in the
large data regime, and ways to utilize offline RL

methods to train more capable large language

models.



(USA)

Adaptive Human-Robot Interaction

Dorsa Sadigh

Assistant Professor, Stanford University

Machine learning has made significant advances in
developing autonomous and intelligent robots;
however, most algorithms are still designed for
agents acting in isolation. In practice, interaction
with humans and other learning agents is inevitable;
examples includes autonomous vehicles that interact
with human-driven vehicles or pedestrians, service
robots collaborating with their users at homes, or
assistive robots helping patients with disabilities.
Such interactions present a number of key challenges:
the other agents will update their behavior in
response to the robot, continually changing the
learning environment of the robot. In this report, we
discuss how we address some of these key challenges:
effective partner modeling in multi-agent coordination,

incorporating intuitive modalities such as natural
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language for coordination between humans and

robots, and more effectively learning from humans

in a few-shot manner or by guiding them to provide

useful data. Specifically, we will discuss the following

works to address these challenges:

1. Partner-Aware Algorithms in Decentralized
Cooperative Bandit Teams

2. Conditional Imitation Learning for Multi-
Agent Games

3. Online Language Corrections for Robotic
Manipulation via Shared Autonomy

4. Few-Shot Preference Learning for Human-in-
the-Loop RL

5. Eliciting Compatible Demonstrations for Multi-

Human Imitation Learning

(USA)

Machine Learning for Optimization

Cho-Jui Hsieh

Associate Professor, University of California, Los Angeles

Optimization has been widely used for training
machine learning models. However, can machine
learning helps optimization? In this project, we propose
a paradigm shift from “optimization for machine
learning” to “machine learning for optimization”. We
introduce a series of approaches that utilize
machine learning algorithms to design or enhance
optimizers. By bringing this novel concept, we
expect to improve the efficiency and tunability of
optimizers and discover new problem-dependent
optimization rules based on Al

The first part of our project presents a new symbolic
optimizer search framework, enabling the automatic
discovery of new optimizers for specific tasks. We
demonstrate that an optimizer can be represented
as a directed acyclic graph, where a sequence of
computations based on the input (gradient) results
in the final parameter update. Our framework treats
the optimizer search space as a super-tree and
employs a Monte Carlo tree search algorithm to

conduct efficient exploration.
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Remarkably, with just 128 evaluations, our proposed

framework outperforms both human-designed
counterparts and previous optimizer search methods
across five important ML tasks. The results of this
research have been published in NeurIPS 2022.

In the second part of our project, we investigate the
utilization of machine learning algorithms to
automatically adjust the learning rate and other
hyperparameters in online learning algorithms, also
known as bandit algorithms. Given that the optimal
choice of these parameters is non-static, finding an
online and dynamic scheduling is crucial. To
address this, we develop a novel Syndicated Bandit
framework that employs the exp3 bandit algorithm
to dynamically tune the hyperparameters of a
learning algorithm. Furthermore, we derive the
regret bounds of our proposed Syndicated Bandits
framework, demonstrating its ability to exponentially
reduce regret dependence on the number of

hyperparameters to be tuned. This research has also
been published in NeurIPS 2022.



(USA)

Haptic Devices for Long-Distance Social Touch

to Reduce Isolation

Heather Culbertson

Assistant Professor, University of Southern California

Through this project, we completed three different
social touch systems, focusing on different
modalities of feedback and user input. The first
system is capable of real-time mediated social touch
and consists of two arm sleeves, one of which
includes an array of pressure sensors and the other
includes an array of actuators. We then designed
algorithms for mapping the data recorded from the
sensors to the array of actuators so that the virtual
touch was realistic and recognizable as the same
gesture as the original touch (i.e., a stroke or poke).
We then conducted a study to determine the effects
of the gesture's speed on the perceived emotions of
the virtual touch. The results of this study were
submitted to the journal Frontiers in Computer

Science.

The second system is a vibration armband that

extracts the emotional content from vocal
expressions and conveys it as vibration. We ask the
user to express an emotion by singing or humming,

and a microphone records the audio. This signal
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then gets processed into the musical octaves before
being displayed to their partner through the eight
vibration actuators in the armband. We conducted a
human subject study with pairs of romantic partners
and strangers to evaluate how emotion is conveyed
through singing and to determine if the similar
features can be used to convey emotion through

virtual touch. This paper has been submitted to

IEEE World Haptics Conference.

The third system we created was an armband with
an array of electrotactile actuators with the goal of
creating the pleasant and continuous tactile
sensations. We explored this mode of feedback to
create a lightweight and flexible wearable device
that is appropriate for social touch. We conducted a
human subject study with this device to determine
individual and spatial differences in perception so
that a social touch device could be appropriately
calibrated. This paper has been submitted as a joint
submission to IEEE Transactions on Haptics and
IEEE World Haptic Conference.

(USA)

Developing Optical Interconnects

for Microwave Quantum Processors

Mohammad Mirhosseini

Assistant Professor, California Institute of Technology

Background and Goals

In this project, the PI and his team aim to convert
microwave-frequency radiation to light at the single
quantum level. This technology is pursued as a
critical component required for achieving the larger
goal of creating distributed networks of quantum
processors. Currently, the leading platforms for
quantum computation rely on superconducting
qubits, which operate at 4-8 GHz frequencies and
are limited to cryogenic environments due to their
extreme sensitivity to thermal noise. Interfacing
these qubits with telecommunication-band optical
photons enables the long-distance transfer of
quantum states synthesized by superconducting
quantum machines over km-scale distances via fiber
links. The combination of state preparation, gate
operation, and long-range connectivity in these
envisioned Aybrid quantum networks is likely to
enable a range of applications in distributed computing,
secure communications, global timekeeping, and
remote sensing. Our approach for realizing such
microwave-optical quantum interconnects is to
combine two nonlinear optical processes of cavity
optomechanics and electromechanics in a single
device. More specifically, we aim to create integrated
electro-optomechanical devices exclusively based
on crystalline silicon. This choice of material is
motivated by the need for scalable fabrication (e.g.,
via foundry services) and integration with state-of-
the-art superconducting qubits made on silicon

substrates.

! https://arxiv.org/abs/2207.10972

57

Realized Objectives

During the past year, Mirhosseini's group has
demonstrated a new mechanism for capacitive
coupling of microwave photons to GHz-frequency
acoustic vibrations in a silicon-on-insulator platform.
In this approach, we actuate mechanical motion by
applying an electrostatic bias to phononic crystal
mechanical resonators embedded into the electrode
of a vacuum gap capacitor. We have verified this
approach's validity by experimentally testing it on
fabricated devices in cryogenic settings (Nature
Physics, accepted'). Additionally, we have devised a
way of combining this newly developed
electromechanical process with optomechanical
cavities via on-chip routing of acoustic waves in a
phononic waveguide. The grant from the Okawa
foundation has supported our efforts in fabricating
these combined electro-optomechanical devices.
Performing preliminary tests, we have demonstrated
a microwave-optical photon conversion efficiency of
1.8X10—7 in a 3.3 MHz bandwidth at room
temperature and atmospheric pressure. Using these
results, we anticipate achieving a photon conversion
efficiency approaching 50% when operating in
cryogenic temperatures, an experiment currently
undergoing in our lab. These findings have been

compiled into a draft currently under review at the

journal Optica® .

2 https://arxiv.org/abs/2210.13549



(USA)

Enabling the Next Generation

of Privacy-Preserving Machine Learning

Zhiwei Steven Wu

Assistant Professor, Carnegie Mellon University

As many large-scale machine learning (ML)
systems heavily rely on detailed personal data, ML
algorithms raise risks to personal privacy. By now,
there have been many well-documented incidents
and research studies showing that ML models can
reveal sensitive information about individuals in the
training data in a variety of ways. For example,
large language models can memorize specific strings
of sensitive text such as bank account numbers that
can be extracted via the model's interface, and high-
dimensional models also allow membership-
inference attacks that reveal the presence of

individuals in the training data.

The de-facto standard to privacy-preserving ML is
differential privacy (DP). DP 1is a rigorous,
quantitative algorithmic notion that ensures formal
privacy guarantees for each individual data
contributor. After over 15 years of intense research,
DP is now deployed in many organizations,
including Google, Microsoft, Apple, LinkedIn, and
the US Census Bureau. Despite the recent successes
in transforming theoretical work into practical
deployment, DP is still far from reaching its full
potential. For many sophisticated ML tasks such as
training large-scale language models, current

algorithms for differentially private ML offer
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significantly lower accuracy than state-of-the-art

non-private algorithms, even with relatively

permissive  quantitative  privacy  guarantees.
Moreover, in many practical scenarios, the data
scientists who would like to train ML models may
not have the expertise in DP to use these
sophisticated differentially private ML algorithms
or to manage the trade-offs between privacy and

accuracy.

For the past year, we are working on building new
differentially private algorithms that support the
next generation of privacy-preserving ML systems.
Our long-term goal is to answer the question: What
would 1t take to make differentially private ML a
truly viable technology—not just for a small set of
specialized tasks, but broadly usable for a wide
range of applications? Most immediately, we are
pushing the underlying algorithms further, in order
to train orders-of-magnitude larger and more
complex models with stronger quantitative privacy
guarantees. In the long run, we will ensure that
these technologies can be adopted in many
organizations besides national statistical agencies
and major tech companies. Thus, we will also build
privacy-preserving algorithms that are usable even

for ML researchers without DP expertise.

(CHINA)

Camera Intelligence via Unconventional Visual Perception

and Intelligent Visual Computing

Boxin Shi

Assistant Professor, Peking University

Abstract

This research summary briefly introduces the
research works of the Okawa Research Grant recipient
during the past year, based on the research proposal
with the same title. The recipient’s research focuses
on the intersection of computational photography
and computer vision. By developing novel camera
prototypes for capturing visual information beyond
an ordinary RGB image, which is further processed
with intelligent algorithms integrated in the image
formation pipeline, the goal is to capture and process
visual data with stronger performance, higher dimensionality,
less distortion and to realize intelligentized imaging
that are unclear, inaccurate, or even invisible to
conventional cameras.

During the past year, the recipient and the team
achieve some research results to answer questions
raised in the recipient’s proposal: 1) How to significantly
improve the performance or even to break the limits
of ordinary cameras by utilizing novel types of
imaging sensors, based on guided event filtering for
improving the quality of neuromorphic visual signals
[4], super resolving images via events with EvIntSR-
Net [10], undistorting RS images with EvUnroll [5],
and computing optical flows from spikes [8]. 2) How
to physically expand dimensions of a conventional
image through a more comprehensive decomposition
of inverse rendering pipeline, for multispectral
photometric stereo [2], shape and albedo recovery
[3], and benchmarking photometric stereo methods
with the largest real-world dataset using CAD based
ground truth shapes [6]. 3) How to distinctively
remove distortions while maintaining recognition
accuracy for different vision tasks, by proposing
physic-guided reflection removal [1], haze removal
[9] using polarization cues and conducting conditional
repainting of images with latest generative techniques [7].
The following part of this research summary will introduce
the conducted research from three aspects above.

Acknowledgement
The recipient sincerely thanks the generous support
from the Okawa foundation, and look forward to
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visiting Japan in the near future and continuing
collaboration with Japanese professors.

Selected publications during the past 1 year
(08/01/2021 - 07/31/2022)

# Joint first authors; *corresponding author

[1] Youwei Lyu#, Zhaopeng Cui#, Si Li, Marc Pollefeys, and Boxin Shi%,
“Physics-guided reflection separation from a pair of unpolarized and
polarized images”, In IEEE Transactions on Pattern Analysis and Machine
Intelligence (TPAMI), 2022. (Early access)

[2] Heng Guo, Fumio Okura, Boxin Shi, Takuya Funatomi, Yasuhiro
Mukaigawa, and Yasuyuki Matsushita, “Multispectral photometric stereo for
spatially-varying spectral reflectances”, In International Journal of Computer
Vision (IJCV), Volume 130, Pages 2166-2183, 2022.

[3] Xu Cao, Michael Waechter, Boxin Shi, Ye Gao, Bo Zheng, Fumio
Okura, and Yasuyuki Matsushita, “Shape and albedo recovery by your
phone wusing stereoscopic flash and No-flash photography”, In
International Journal of Computer Vision (IJCV), Volume 130, Pages
1403-1415, 2022.

[4] Peiqi Duan#, Zihao W. Wang#, Boxin Shi*, Oliver Cossairt, Tiejun
Huang, and Aggelos Katsaggelos, “ Guided event filtering: Synergy
between intensity images and neuromorphic events for high performance
imaging”, In IEEE Transactions on Pattern Analysis and Machine
Intelligence (TPAMI), 2021. (Early access)

[5] Xinyu Zhou#, Peiqi Duan#, Yi Ma, and Boxin Shi%, “EvUnroll:
Neuromorphic events based rolling shutter image correction”, In Proc.
IEEE Conference on Computer Vision and Pattern Recognition (CVPR),
New Orleans, LA, USA, Jun. 2022.

[6] Jieji Ren, Feishi Wang, Jiahao Zhang, Qian Zheng, Mingjun Ren,
and Boxin Shi*, “DiLiGenT102: A photometric stereo benchmark
dataset with controlled shape and material variatdon”, In Proc. IEEE
Conference on Computer Vision and Pattern Recognition (CVPR), New
Orleans, LA, USA, Jun. 2022.

[7] Jimeng Sun#, Shuchen Weng#, Zheng Chang, Si Li*, and Boxin Shi,
“UniCoRN: A unified conditional image repainting network”, In Proc.
IEEE Conference on Computer Vision and Pattern Recognition (CVPR),
New Orleans, LA, USA, Jun. 2022.

[8] Liwen Hu#, Rui Zhao#, Ziluo Ding, Lei Ma*, Boxin Shi, Ruigin
Xiong, and Tiejun Huang, “Optical flow estimation for spiking camera”,
In Proc. IEEE Conference on Computer Vision and Pattern Recognition
(CVPR), New Orleans, LA, USA, Jun. 2022.

[9] Chu Zhou, Minggui Teng, Yufei Han, Chao Xu, and Boxin Shi%,
“Learning to dehaze with polarization”, In Proc. Thirty-fifth Conference
on Neural Information Processing Systems (NeurIPS), Virtual (online), Dec.
2021.

[10] Jin Han, Yixin Yang, Chu Zhou, Chao Xu, and Boxin Shi#,
“EvIntSR-Net: Event guided multiple latent frames reconstruction and
super-resolution”, In Proc. International Conference on Computer
Vision (ICCV), Virtual (online), Oct. 2021.



(CHINA)

Social Affective Computing through Internet Multimedia Data

Jia Jia

Professor, Tsinghua University

Social affective computing through internet multimedia
data has become an important topic of deep
integration between social sciences and computer
science. However, it still faces challenges in the study
of quantitative describing of emotions, modeling of
social attribute characteristics, and human-centered
applications. To address these problems, we proposed
novel solutions to emotion quantization, affective
modeling, and interactive applications, as follows:
(1) Inspired by the contrast between the large scale
internet voice data from smart Voice Dialogue
Application (VDAs) and the acted emotional
voice dataset, we propose a novel semi-supervised
multimodal curriculum augmentation deep
learning framework . We successfully leverage
the traditional acted voice dataset to enhance
the emotion inferring results from the largescale
internet voice data in VDAs. The proposed
curriculum learning based epoch-wise training
strategy can well integrate the strong and clear
emotion expressions with the users’ diversity.
To utilize large-scale unlabeled data to augment
few labeled data, we propose a Multi-path
Mixmatch multimodal deep learning method
(MMMD). This semisupervised framework
enables us to learn effective feature representations
for multiple modalities (acoustic, textual and
social information) and promote the generalisation
and robustness for emotion inferring in VDAs.
Relevant research was published on AAAT 2021.
(2) For multi-mode personalized human computer
interaction, we creatively propose the concept

of style imitation for audiodriven talking face
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(3)

synthesis. To imitate arbitrary talking styles, we
firstly formulate the style codes of each talking
video as several interpretable statistics of SDMM
parameters. Afterwards, we devise a latent style
fusion (LSF) model to synthesize stylized talking
faces according to the style codes and driven
audio. The incorporation of style imitation not
only circumvents the annotation for talking style
during the training phase, but also endows the
capacity of arbitrary style synthesis and new
talking style generation. The experiment shows
that the synthesized video has achieved significant
improvement in style expressiveness and the

natural degree of facial movements. Relevant

research was published on ACM Multimedia 2021.

In human-computer interaction applications,
we propose a novel problem called Music-driven
Multi-Dancer Group Dance Synthesis, which
aims to synthesize group dance according to the
given music and the choreography preference of
multiple dancers. Two main challenges below
make this task tough to be accomplished: datasets
shortage and lack of choreography. To address
these issues, we construct a rich-annotated 3D
Multi-Dancer Choreography dataset (MDC),
which for the first time, contains both individual
and collaborated music-dance pairs. With the
above dataset, we imitate the human choreography
procedure and devise a novel three-stage
framework GroupDancer to produce multidancer
group dance with style collaboration from given
music. Relevant research was published on
ACM Multimedia 2022.

(CHINA)

Gigapixel 3D Videography

Lu Fang

Associate Professor, Tsinghua University

The light field is a multi-dimensional and multi-
scale representation of light. 3D Imaging systems
aim to record and recover the high dimensional
information of light field, which serves as a
fundamental technique for applications such as
VR/AR

interactions, etc. 3D Imaging, consisting of light

scientific observation, mobile robots,
field sensation and light field reconstruction, faces
dual challenges of high-resolution and high-
efficiency requirements. To deal with that, the recent
developments in computational imaging/photography
have led to a new definition of a camera, i.e., a device
that calculates images, by combining physical camera
design with computational processing to improve
estimation of the physical scene. Inspired by the
merit of deep learning in extracting complex
abstractions and discovering intricate structures for
the data, we capitalize this property in computational
imaging for joint designing of optics and computational
reconstruction towards multi-dimensional computational
imaging.

For the light field sensation module of gigapixel 3D
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videography, we construct a multiscale unstructured
array camera system for high-quality gigapixel 3D
panoramic videography to create the six-degree-of-
freedom multiscale interactive VR content. The
camera array samples the 3D information by several
global stereo cameras, stitched to cover 360-degree
FoV, and unstructured local monocular cameras,
adapted to the global camera for flexible high-
resolution video streaming arrangement. Our
system can efficiently capture high-throughput
multiscale gigapixel video sequences of 3D scenes.
For the light field reconstruction module of
gigapixel 3D videography, we build a primitive-
aware surface representation model, recovering the
scene by gradually ‘embossing’ the primitives with
the local surface information, including geometry,
texture, and visibility. These attributes are mapped
to the continuous representation, which is sparse,
efficient, and scalable. It realizes high-resolution
light field 3D reconstruction of large-scale dynamic
scenes and lay the foundation for the theory and

application of sparse light field reconstruction.



(CHINA)

High-Efficiency Intra-Body Network of Implantable Devices

for Neuroprostheses

Xiao Liu

Professor, Fudan University

Neural stimulation has been proved to be an
effective therapeutic method for treating patients

with neurological disorders. More stimulation

channels typically offer better therapeutic outcomes.

As the number of stimulation channels increases
from a few to several hundreds, the surface area of
high-density stimulating electrodes shrinks from
tens of mm? to tens of um? As a result, the
microelectrode impedance is typically in the range
of tens of kilo ohms to several hundred kiloohms,
but can go up to a few mega ohms. Hence the inter-
electrode voltage during the stimulation can exceed
10 V. The integration of the stimulation unit

requires a CMOS process that supports high-
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voltage (HV) transistors. However, co-integration
of a low-voltage (LV recording front-end and DSP
unit with an HV stimulation back-end in a HV
process tends not to be economical, as HV
transistors are much bigger than LV transistors and
are more expensive to fabricate Therefore, it is
desirable to co-integrate the LV amplifiers with HV
stimulators using only LV transistors for reducing
the cost, power consumption and chip area. We
have designed a novel stimulator ASIC which has
been realized using only low-voltage transistors in a
0.18-um 3.3V CMOS process. The stimulator
offers a 11.4V voltage compliance under a 12V

supply voltage and occupies 0.08mm? silicon area.

(CHINA)

Exploring the Limits of Vertical-Nanowire Tunnel FETs

in the Nanoscale

Xin Zhao

Associate Professor, Shanghai Jiao Tong University

We present the first experimental demonstration of
sub-10-nm diameter GaSb/InAs vertical nanowire
(VNW) Esaki diodes. Our devices exhibit excellent
current scaling behavior over nearly two decades of
diameter. An average Esaki peak current density of 1
MA/cm? is obtained, among the best when projecting
from the state-of-the-art at our nominal doping level.

An average current density of 4 MA/cm? is
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demonstrated at Vg = 0.3 V, which is promising for
future ultra-low power VNW tunnel FET applications
based on this material system. NEGF quantum
transport simulations are carried out. Inelastic
tunneling due to phonon emission is found to suppress
tunneling current in the positive Vg branch and to
widen the Esaki peak in the negative Vg4, branch, which

has long been underestimated.



(KOREA)

PAVE: A Privacy-Preserving Advertising Framework

Taekyoung Kwon

Professor, Seoul National University

In online advertising, cross-site tracking enables
advertisers to target potential customers by
profiling their online behaviors. However, such
practice raises privacy concerns because of the
sensitivity of the collected user data. To address
this issue, there have been proposals for privacy-
preserving advertising. However, they allow ad
companies to protect user privacy only by
sacrificing the utility of the advertising. In this
paper, we present a privacy-preserving advertising
framework, Pave, which allows ad companies to
advertising

sustain the wutility and current
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mechanisms. Pave provides an arbitrary ad
program with an isolated execution environment
equipped with a blackbox monitor, called a
PaveBox, inspired by Secure Multi-Execution
(SME). The PaveBox intercepts every data flow
from the ad program and disallows any data flow
that may explicitly or implicitly leak the user data.
As the PaveBox is built on top of Intel SGX, its
integrity can be remotely attested. We carry out the
quantitative  analysis  with  prototype-based

experiments to show its feasibility in commercial

services.

(KOREA)

Design of Reconfigurable Microwave Components

Based on Novel Resonators

Jaehoon Lee

Professor, Korea University

This project aims to develop design methods for
reconfigurable microwave components based on
vertical split-ring resonators (VSRRs). The
vertically inserted split-ring resonator in microstrip
lines shows the good electromagnetic resonant
properties and is applied to various microwave
components. Since the top and bottom layers of the
resonator are electrically connected by using via
holes and it has a 3-D shape, it occupies a small
electrical size. In addition, it can provide a wider
range variation of bandwidth than conventional
planar SRRs and the resonant frequency and the
bandwidth can be adjusted by its length and width,
respectively.

In this project, various novel design methods for
reconfigurable microwave components based on
VSRRs were proposed. In order to study the

properties of VSRRs as the basic elements, the

VSRRs were applied to microwave bandpass filters
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with coupling paths between coupled VSRRs. The
coupling paths between the top and bottom layers
of the VSRRs lead to magnetic and electric coupling
effects and the amount of coupling effects determines
the properties of microwave components. For
theoretical analyses, we presented the equivalent
circuit models of the coupled VSRRs. We
demonstrated that the dominant coupling modes for
the top and bottom layers of the VSRRs are
magnetic and electric, respectively, and that
magnetic-dominant coupling is required for high-
selectivity bandpass filters (BPFs). BPFs with
narrow and wide bandwidths were designed and
validated, and we verified that the proposed BPFs
have high selectivity with a small circuit footprint.
Based on the VSRRs, we will devise the advanced
resonator structures with frequency reconfiguration
and apply these resonators to reconfigurable

microwave components.



(KOREA)

Deep Learning-Based Tabular Data Synthesis for Privacy

Protection and Data Augmentation

Noseong Park

Associate Professor, Yonsei University

Tabular data synthesis is a long-standing research
topic in machine learning. Many different methods

have been proposed over the past decades, ranging

from statistical methods to deep generative methods.

However, it has not always been successful due to
the complicated nature of real-world tabular data. In
this paper, we present a new model named Score-
based Tabular data Synthesis (STaSy) and its
training strategy based on the paradigm of score-
based generative modeling. Despite the fact that
score-based generative models have resolved many
issues in generative models, there still exists room
for improvement in tabular data synthesis. Our
proposed training strategy includes a self-paced

learning technique and a fine-tuning strategy,
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which further increases the sampling quality and

diversity by stabilizing the denoising score
matching training. Furthermore, we also conduct
rigorous experimental studies in terms of the
generative task trilemma: sampling quality,
diversity, and time. In our experiments with 15
benchmark tabular datasets and 7 baselines, our
method outperforms existing methods in terms of

task-dependent evaluations and diversity.

We note that this research is under review in
ICLR2023, a top-tier Al conference (see the link
below).

https://openreview.net/forum?id=1mNssCWt_v
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