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Alming for natural spoken dialogue

petween machines-and humans

Currently, speech recognition technologies are installed in smartphones; smart
speakers, and so on...
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High-speed, high-precision positioning of stages Understanding the mechanism of non-uniform

with unknown vibration characteristics formation of diamond film on tools
Simple design of high-speed, ultra-precise positioning control Paving the way to a dry process with less environmental impact

system without dynamic model

"Magic" in the flickering of flames

Fluctuation can be controlled by adjusting the distance
between two flames

I Pick Up

Takeshi Hizawa, Senior Research Specialist from the Research Promotion Division received an "Outstanding Support for Research
Award" in the field of science and technology for 2023 from the Minister of Education, Culture, Sports, Science and Technology.
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Aiming for natural spoken dialogue between machines and
humans

Norihide Kitaoka

Nowadays, speech recognition technology is used in devices such as smartphones and smart speakers for a variety of
purposes in work and daily life. Nevertheless, there are still limitations to its capabilities, in particular when attempting to
create natural dialogue with humans. To fill this gap, Professor Norihide Kitaoka has been researching ways to enable
spoken dialogue systems to be "usable" in a wide range of scenarios. The key to natural dialogue, he says, lies not only in
giving computers the necessary knowledge for conversation, but also in teaching them how to realize human-like
responses, such as the timing of utterances and conversational signals.

Interview and report by Madoka Tainaka

I Reducing burden of healthcare workers with voice-input system that supports
creation of medical charts

In less than a decade, speech recognition technologies such as Apple's "Siri" and Amazon's "Alexa’, have advanced to the extent
that they have become household names, thanks to deep learning-based end-to-end learning (i.e. network learning that is carried
out by a single large neural network model until an output is obtained from inputs). Professor Norihide Kitaoka, whose 30 years
of involvement in speech recognition stretch back to the early days of this field, believes that moving forward it will be less
important to achieve a high level of precision for speech recognition itself, than to identify specific applications of this
technology, and ways in which they can be used.

"Thanks to the advancement of deep learning, he noted, " and the utilization of huge amounts of speech data, the accuracy of
speech recognition itself has been improving substantially. Nevertheless, the ways in which these technologies can actually be
used are still limited. That is why we are focusing our efforts on researching interfaces that are appropriate to the application.”

'Smart Hospital’ project carried out in collaboration with
Toyohashi Heart Center
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As a part of this, Prof. Kitaoka and his colleagues are currently working on the development of a "voice-input medical-chart
creation support system" that can be utilized at medical workplaces. This is a tool that creates medical charts on the spot. When
doctors perform rounds, the system listens to pick up information on physical condition, body temperature, and so on from
dialogues with the patients, and at the same time, it automatically converts the utterances into text, and understands and
structures the information.

"This research is part of the 'smart hospital' project that the Toyohashi Heart Center (a hospital specializing in cardiovascular
diseases) and Toyohashi University of Technology have been jointly carrying out since 2021, which has already led to the
development of a prototype. For example, the system picks up comments such as, 'There are no particular problems with your
physical condition," and 'You are on schedule to be able to leave the hospital next week, automatically transcribes them, and then
generates a summary of the information. Thus, this is a system that enables doctors to easily create medical charts, simply by
selecting the relevant results for summary on the screen of a smartphone or tablet," explains Professor Kitaoka.

In fact, when they first began their joint research, they had no idea how speech recognition technology could be used in the
medical field. Thus, before starting the development, they observed conditions on the ground at the hospital, held extensive
discussions with doctors, and identified key challenges.

As Prof. Kitaoka explains, "Although there are already many existing types of software for preparing medical charts using voice
input, what doctors needed was a system that could create records on the spot during their rounds. This is because doctors had
previously been unable to input the information they had received from patients while visiting their rooms. They would have to
take notes, and then input the information into personal computers in the hallways later on. Using our current system makes it
possible to create medical charts while listening to patients on the spot, which saves time and effort. Going forward, we will work
on linking our system with the electronic medical-chart systems that have already been introduced, and at the same time, we
plan to perform fine tuning on our system to facilitate its wider use."

1 Utilizing ChatGPT for creation of training data and medical charts

In addition to being labor saving for doctors, the medical support systems also need to be capable of outputting correct results
by learning the technical terms and information essential for medical practice in advance. The key to achieving this is to have
training data to improve accuracy.

"In the smart hospital project,’ says Prof. Kitaoka, "we are also developing a diagnostic support system using CT images of the
heart, but again, the creation of training data is a challenge. When creating training data, we have to avoid overloading the
already busy doctors and technicians. As such, we have been attempting to proactively use the existing technologies that are
applicable in this area. For example, we have been using the technology of the moment, ChatGPT, along with existing databases
in order to summarize information that has been picked up during rounds, and to reinforce the training data."

Meanwhile, Prof. Kitaoka points out that the emergence of ChatGPT presents us an opportunity for fundamentally rethinking the
nature of artificial intelligence research.

"It seems that even without expressly making an effort to reproduce the thoughts of humans in computers, if one has access to
a large-scale language model, in other words vast amounts of data, one can produce dialogue that is human-like in text form.

In this sense, it appears that our research is standing at a crossroads. This is because we cannot keep up in terms of data
volume. Thus, we intend to focus meticulously on our area of expertise, which is 'speech, and thereby pursue a more natural
dialogue between humans and machines.”

I Natural dialogues with CG character

In his quest to realize a more natural dialogue system, Professor Kitaoka has been focusing on "the timing of responses." Over a
decade ago, he developed a chat dialogue system that incorporates the unique characteristics of human dialogue, such as
conversational backchanneling that is well-timed or slightly interruptive, and instances of taking over the conversation midway
through utterances of the conversation partner. In addition, he has been working on a system that uses machine learning to
predict whether a conversation will continue or end based on the pitch of the other person's voice and intonation patterns, and on
speech synthesis that can change the tone of the voice to express anger, joy, and other emotions.

"One area in which this research can be applied is the development of a ﬂ
dialogue system with the 3D computer graphic character 'Saya' which was
launched in 2015 by the 3D computer graphic artist TELYUKA. Saya shot to
fame when, in spite of her being an imaginary character, she was selected as
the winner of one of the 'Miss iD'" auditions for entertainers hosted by a
publishing company. Saya is now able to interact with humans by incorporating
speech recognition, text-to-speech, and chatting functions, as well as image
recognition tech nology provided by Aisin (Kariya, Japan). She is equipped with
functions that enable her to pick out 'focus words' when she is listening to
someone speaking, and to change the topic of conversation after there has
been an extended pause. Furthermore, we have continuously been making "
improvements so that she is able to express herself more naturally by 3D computer graphics character 'Saya' on screen
conversational backchanneling and the conveyance of feelings."
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Prof. Kitaoka adds that, going forward, his team hope to expand the Saya dialogue system to include giving street directions, as
well as watching over elderly persons and children at facilities.

Prof. Kitaoka is still looking to the future, examining whether it will be possible to install the same system in anime characters
other than Saya. "Machines can talk to humans indefinitely, without ever getting tired" he points out. "If you think about this point,
you can see how the potential for applications will likely multiply."

I Shifting to multimodal communication

If one is aiming for truly natural dialogue between humans and machines however, conversational ability alone is not enough. To
this end, Prof. Kitaoka and his colleagues have been working on the development of a "'multimodal dialogue" system, which
means that they not only engage in communication through speech but also incorporate gestures such as body and hand
motions, eye movements, and so on.

"I worked on a similar application while at Tokushima

_ . University in 2018, where we jointly developed a multimodal
AISI - : = - interactive self-driving car in collaboration with Nagoya

: University and Aisin Seiki (now Aisin). The experience of using
this system was designed to function something like giving
instructions to a taxi driver. While the vehicle is in motion, it is
possible to look at something and ask the vehicle what it is,
and to instruct the vehicle to change directions through
gestures.”

Multimodal communication enabled autonomous

vehicle

Prof. Kitaoka has also been working on developing a system that can, for example recognize information written on a
blackboard that is pointed to with one’s finger, such as angles during a math class for example, and then can input the
information as symbols or formulas on a display.

"In the future, | believe that it may be possible for us to release our dialogue system as a toolkit that can be integrated into
existing spoken dialogue applications," says Professor Kitaoka. If he can achieve this, people will surely be able to enjoy more
natural dialogue with their smartphones and PCs, such as by using gestures. We look forward to future developments.

| Reporter's Note

Prof. Kitaoka has been fascinated by personal computers since he was in elementary school, where they were introduced for the
first time. Although he did not have a personal computer, his parents were sufficiently moved to see him copying programming
notes on paper that they eventually bought him one. This led him towards his long held dream of a place in a natural language
processing laboratory at university, but the overwhelming number of applicants there persuaded him to switch to speech
research. Since then, he has never looked back.

He points out, "When [ initially began my research, it was the middle of the second Al boom, and | wanted to find an elegant way
to engage in dialogue with machines by giving the machines human-like intelligence. Now however, | have come to believe that
'human-like' qualities reside in behaviors that are expressed outside of language. Realizing these is the real challenge.

It is precisely in these difficult-to-quantify aspects that | believe the key lies in removing the sense of discomfort that arises when
communicating with machines.



Aiming for natural spoken dialogue between machines and humans | TUT Research No.33, Jun. 2023

Wi E ABDBRRERNEZSHEUT

WEP, BEZEIRMERAY— R IAPIAT— MRE—H—RECEEHIN., ABPETOR/N TS XIHTEHINTLS. LM
U. EARBAETETDICERS. SSICEABERURDICHETED. EETEVIR., COBERIBEDDINL, ILABRERIE
BEHEIATLAESEIFREE C [EXD] BDICULEDEMTLTND, BRARITEDRA > ME, REICHERIABESDZ &
M5, BEPHEEDY A Z2IRE, ABRSTEDOBEZVNCO>ELI—F ETHRIRITINCHDEND,

BRANANTERSHES AT AT, EFEEEORIBERET

Apple® [Siri] Y>Amazon® [Alexal THRLHDKDIC. BfFzpifiid, FEFBICKDEnd-to-endF8 (ANNSENEEBDIFEFTZ—D
DREFRZA—SILRY RD—=TFEFTILTHITIBORY RNDO—ODFBDZE) ([CE>T. CTI0FERST CTRIEN(SERZXIT TS/, ZRIAHA
HS30EF(CHIZ DEREREIATR (CIED > TEEAtMBRBIE L. INH S EEFERBEARDOBIBEILEZH T ENDLD,. CARBE CEDD

N BRNRSALEZRE T CENEEL LED.

[REFPOERE., ESCEAFRREET —IDFRAICKD. SERFBEARDBEE(FINROBECTETVET, 2. RRCEFLZEZ D5
E(ERSNTWND, TZT. DINONEZDRBECHUEA>F T T —AOMRISEFHLTNBDTY ]

ZO—D&EUT, HE tEBESEERRS CERIND [BEADHIILTERSZES AT Al ORRCEMDBATND. CNEEMSHEEZ
B, BEEOMEZBLU TRADKREREZMEZMBR,. REZEBEBTYFILL. TORNBZIER - BELLT. TDHBTHILTZERT DY
—JLIZ.

[COMFRIE. 2021FENSEREENELR (B15/\— M2 —) EEBRMIRIZEAFNRRATED TWLD [RY— MNRAESIL] O 0~
D—IRT. I TICTIOMNATZRRELUE LR, FEXE MAEAFECRESDEFRAI BRBICITHRRTEDIFETT] Lo EREZH
O CEFTESRIL. INSORNBTOBWEREBEI TEMRLET ., EESE. TOBHBREIAIRNY I LY NOBEE L TERT B
T, BEICHILTEERTED. EVWDSSRAFTATY] SILMBUREERAT .

K(FHEMAFTZIRDTZEY). EERIBOE D\ D IEIBE CEARESEMMMEZ 200, Foe<BEN DI TZEND, ERICKRDE S
RFEU. EffiS EZmzERERZRDIF. BHRICE>REND,

[T TICBEANTHILTZIER T DY I MIZSHFELEFIN. BEFSALBMUEBEELUTWZDIE. BEEZOBRICEDIZ TR CEDS AT
LRDIEATIR. EVLWDDERER. BESTANSEEEOIEABTERECTANTINDIFICLNT, AEZLTHVT, BHSEBTFT/\VII(C
FTIBAATWENSTY, COSRFTLAZFEZE. RETHETEODRASHILTHMERTEDI2H. FHERHEEAITD. SEE ERICEAS
NBBEFHILTIATAEBEEZRDRNS, P THEXBIIATALAELTFI—ZPJUTWKFETT

I ChatGPTZ N —F 0 hILTERICTER

ERESXT AR ERSHARA ML RARERD T EICNMR. ERRGICATIRIBEMAEERZSSHNUHFBSETHE. ELVLERZ
HEHITDEDOTRINGERSRN., TOBROHRZEDDON. HBEZEHDIHDOEENT —5 DFIEL,

[AX—MRRESIL - TOZT U RTIE ZOEMNCEUIEDCTERIC L DBIIIES AT AOHFEESFRITTNIDTIN. T THHEET
— S DIERRHRETY . BT —FERDZHIC, TNTRL THILULWERREDATZ5OF2ENDE DT>V EERA. T TERXD
BEFF D8l (SHEBEY (CAES D & 2 & X EEZOREMD AT DOEFNEBT —HDMR(C(E. WEFETEDChatGPTIEEIFDT — I\ — X% /EH
ULTWET ]

—737C. ChatGPTOHIRIFALHEEAFTDD D HZIBRANSENET . KERE >N (CHRD TS LILEZIRIIER T S.

DO ANEOBEZIE1—F LICBRULLDS ENAFSRLTE., ARRESEEET /L. IRDEREBOT—IRBNE. NS LLIEE
MFFIBLETETETUESDIFITI LN TSV OZBKTEIELDARBIKIEICIIZENTIND., T—FETERESVWTRUEEANS
R, ZTIT. DNONEHLKETEERLEDEMTHS [EF] [CIEHD T, ANEEEMDLDBRIFEZERLLD EEXZTNET

| CGFv S5 U5 —LDBERIRNIEE

KDBRIMFES AT LAORIREH ST (CHIED. SEMBIBARNSFEFRHLTEZON [IBEDTA =] 2. STICHRERIICE F1=
SOEL BBRINEID UBWSKICHEERITS. S CIEIBFOREORFTERELED S0\ ofe. ARIFEOM B DA ATEMATTEE
SRFLERAFE. SSICEMEGERMDANT, BFOBERDOESIRA > hR—23>0/(F—205, SENFEHRESOMN BOh230N Tl
BIATLAYW. BEOR=2FEZ, BOVPEUREDRKBEERIR TCETIEEERDARBITRAD TE/.

[Z5 UIERDIGAED—DhY. 3DCGMSayat DIEES AT LADHARETT ., ZHUE. 3DCGF—F 1 A MDTELYUKAE AIC KD T20155 (CH
RKSINEF S U5 —T. HIREEEOA—FT 13> [ZTRIDJ (CHWNT, BEFvSOY-—THDRIASEESNECETIEIEZEDE
Ulz. CTSayall. BERMYCEESM. M. 5ICE@E [7r2>>] NE™H) MR IEERMMIEEH I3 & T, ABEDXEE
PNTEDLSCRDFE Uz, BFOFEZRIRCIE. BRERDIEEZMOR LD, BN ZSMDFEBCTIDE X 12D U\ o Te#Ee
BHINTVWET, 510, HEORERBEEIDBARAICKINTEZ LD, BMBRBEZENRTNDEZARTY ] SItMEIE.

Saya& DIFFES AT AFSH#, HEE COBEBREAVPEME T CEDMR TORTDIRENDEMEDHE T LD, &5ICIE SayallR5Y BID
PZAFw SOOI -2 ECEI AT LZEHTERVDE. BR>IEND.

B THNE. REMLESSINELEND LR AMDEFATEZINSR. TOIERD L, WHDBEIFED ESAELNDTL
SERWET


https://www.youtube.com/watch?v=EkVdZUEEFwM

Aiming for natural spoken dialogue between machines and humans | TUT Research No.33, Jun. 2023

I RILFE—HIIIRAS1=—>3a>NA

EoEE. ABEHMOLDBRRITFE EHI IS, RELITTEATDE. T TILEBIRSHEDBOON. CILFE—HILDIE. 97
DEEBRICKBIEERITTRL, BIRDFIRDBZEDS T AF v —PRIBOEBETREEIMD ANIES X T LAORETH .

[EAD—DE LT, DIEUNMEBRF(CTEFEL TULVZ2018E(IC, REBRKFEETAI UK (R - 712>) EHBET. WILFE—FILAER
BIEGEZEFELUE L. CNE. FUS—DBHF(ICIERI DRLDINFE T, ETPICHRFEELQIT [HUH? ] &8RED. BIRDTE
IBEBEZRZEDTEBSRTLATY]

ZDIEFMNC. BIZFEFEORET ICOBE] EREZTIBEUCEFRERBL. T4 AT LA LICEEPREANTETIEVDESIXT LD
BEHTD,

[FRMIC (L. NEBDOMEI AT LAEZBFEOSEMEDOT TUREC. —DOHEEE UTHMADIY—ILFY MEUTARTERLNERD
TWBADTY | CIEEEEE, 25RNE. AR/ WA EEDEBRIC. DPIRFv—REERIBNSHFEERELHDKDICRDICEA LY
R SEORERICEAFURZL.

(HR#A - 2 = EIFEeR FREDAE)
| Bz

INEEDE, FELURENOD/—VFILOD Ea—FICER(CTRDEEWDIEEEE. /(U EF>TUORLDIC, BEREMTIOIS=
SOBMICEVNTULES, BHRECHEHRAE > T<NEDREEND, ZTNAEU T, AXETITEEOEARSBWBEOMEE(CFIET D6, HE
ENERD TEHBEATRA. LUE, SHEAR—fCEl,

[TAFREIRDT=E W EE RAIDT — ADBRP T, B2 ET LAY NG ETHEMIC ABOL SRAEEEIFIEG THELEWVWEBR > TLZDTY,
TBVWEEF. ABSLTEWDDE. BDUBEEIMNCERNBDIRDIBVICEIDREBSIKLDICRDELURE. TORIRZZHNEHLLDTIN] &.
bR,

FECZIURESUICKVWED(CTZ., #iEDIZT 1= —>3a > TEUIBHMBETR ORI OFAHBDILDICED,

Researcher Profile

Norihide Kitaoka

Norihide kitaoka received PhD degree in 2000 from Toyohashi University of Technology, Aichi, Japan.
Since he started his career at Toyohashi University of Technology as a research associate in 2001, has
been involved in speech information processing. He is currently a professor at the Department of
Computer Science and Engineering.

Madoka Tainaka

Editor and writer. Former committee member on the Ministry of Education, Culture, Sports, Science and
Technology Council for Science and Technology, Information Science Technology Committee and editor at NII
Today, a publication from the National Institute of Informatics. She interviews researchers at universities and
businesses, produces content for executives, and also plans, edits, and writes books.
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A statistical model for ensuring children can move around safely

Efficient identification of potential traffic accident risk locations

Kojiro Matsuo
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A research team led by Kojiro Matsuo, an associate professor at the Department of Architecture and Civil Engineering
within the Toyohashi University of Technology, and Kosuke Miyazaki, a professor at the Department of Civil Engineering
within the National Institute of Technology — Kagawa College, has established an efficient means of identifying high risk
road intersections in terms of accidents involving children. A statistical model is used to prevent accidents by identifying
locations at high potential risk of accidents, even where none have occurred, based on a variety of factors. These include
unigue geo-informatized data for school commuting routes and school walking groups held by Toyohashi City, road
traffic big data, past accident data, intersection structures and land-use.

Children in Japan often wander around by themselves from around seven years

old (15t and 2™ grades of elementary school). Although this is somewhat M ny
unusual from an international perspective, in Japan it is considered to be an * ESSVA in NSCP A o
essential part of the children’s health and development. In order to safeguard z Eii‘;’l‘“":ff;w WY i
this tradition, improving the safety of children’s travel is therefore a Designated school route ’
requirement. | Elomantary school disctrict

Achieving this however, is easier said than done, due to the difficulties involved

in identifying the zones and locations where traffic safety measures should be
implemented. While the number of locations used by child pedestrians is
enormous, traffic incidents involving children are rare, making data

computation challenging. The goal is to evaluate quantitatively the potential risk

at each location, while efficiently identifying places where additional measures I
are required.

Geo-informatized data for school commuting routes and
locations of elementary school student-vehicle

accidents (ESSVA)
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Accordingly, the research team established a method using a statistical model to efficiently identify potentially
dangerous intersections in terms of traffic accidents involving children.

Road environment lactors x,
(Traffic volumae, road structune, olc.)

L

Risk exposure faclors X,
[NSSR, NSGP, DSR)

Actual numbar of ESSVAS y, - HE ‘im
in the risk estimation period (nine years)
v
ESSVA risk by
ME regression modal i, ¢
L4
ESSVA risk by
EB calimation mothod A
v
Actual number of ESSVAS y, Evaluation of efficiency 1o
in the evaluation peiod (three years) exiract ricky locations

Process for identifying potentially dangerous locations
using established statistical model

Associate Prof. Matsuo added, "This research would not have been possible
without the geo-informatized data on school commuting routes and walking
groups made available by Toyohashi City. | had been acting as an advisor to
Toyohashi City on safety measures for school commuting routes, and as an
administrative initiative, | planned the efficient management and utilization of s
data on school commuting routes and walking groups in 2015. After proposing £
the use of geo-informatized data and the data structure, this was officially

Associate Prof. Matsuo, as lead researcher, explained, “This statistical model
has two main characteristics. The first uses Empirical Bayesian estimation to
combine the average impact of environmental road traffic conditions, such as
traffic volume, intersection structure, and land usage status — as obtained from
road traffic big data — balanced appropriately with past accident data. The
second is to incorporate data on how much children travel with road traffic
conditions using unigue geo-informatized data on school commuting routes
and walking groups held by Toyohashi City.

Ultimately, the fact that it identified seven or more potentially dangerous spots
proved that it is more efficient and effective at such identification than methods
based simply on past accident data. Furthermore, we validated the current
policy of "implementing traffic safety measures primarily on school commuting
routes," because Japanese children tend to use familiar routes not only on their
way to and from school, but also during any daily outings, even while accidents
along these routes are increasing."
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adopted from 2016. Back in those days, | never imagined that this data would 0.5 ~

become useful for my research, but | am delighted that the measures
implemented six years ago are still being used. | hope that in the future, other
municipalities will also promote the use of geo-informatized data with school

commuting routes.”
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Rank by ESSVA risks based on each criteron

Comparison of each method's efficiency at identifying
potential dangerous locations Black line: Identification
based only on past accident data

Blue line: Identification based on Negative Binomial

Regression Model
Red line: Identification based on the Empirical Bayes

estimation established through this research

Through this research, we devised a way to identify potentially dangerous locations based on objective information acquired
from various data. However, real-world traffic is complicated, and data represents only a part of it. The research team would like
to promote research into how best to efficiently combine subjective information held by the public, such as close calls, with

objective information.
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Researcher Profile

Name Kojiro Matsuo
Affiliation Department of Architecture and Civil Engineering
Title Associate Professor
Fields of . . ) )
Research Traffic Engineering / Infrastructure Planning
Graduated

KOSEN National Institute of Technology, Nagano College
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Automated detection of isolated single cells using microscope
images and Al

Contributing to the development of new treatments with single-cell analysis and isolation
Moeto Nagai and Tanmay Debnath
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Prof. Moeto Nagai (Left) and Tanmay Debnath (Right)

A research team, led by Professor Moeto Nagai and comprised of researchers from the Department of Mechanical
Engineering and Institute for Research on Next-generation Semiconductor and Sensing Science  (formerly known as
the Electronics Inspired Interdisciplinary Research Institute (EIIRIS), Toyohashi University of Technology, has successfully
used Al to achieve single-cell isolation. The method involves using microwells to isolate single cells and then applying
deep learning to the microscopic images containing single cells in the microwells. The machine learning model prepared
by the team makes it possible to automatically detect single cells in microscopic images and reduce human effort. The
acquisition of a large volume of single-cell data allows researchers to efficiently investigate the characteristics and
functions of individual cells, which can lead to the establishment of new treatment methods.

A cell is the most basic unit of life, and elucidation of cell characteristics can contribute to a better understanding of diseased
cells and thus to the development of new treatment methods. There has been a growing interest in developing methods of
isolating single cells to study their functions. However, the physical isolation of single cells requires cell patterning tools. In
addition, as the detection of single cells often relies on human eyes and classification, the required human effort has created a
bottleneck that has hindered the acquisition of data.

Initially, the research team developed a method of isolating and trapping single cells in microwells of 30um diameter formed in a

hydrogel patterned by optical patterning. The micro-patterned hydrogel offers the advantages of convenience and stability. These
microwell structures allowed the research team to successfully isolate single human cells from a cell suspension. As hydrogel is

highly biocompatible and can withstand a long incubation time in a cell medium, it was possible to extend the observation period
of cell behavior.

Next, the research team classified the cells trapped in microwells of 30pm
diameter in terms of the presence or absence of single cells and used the
images as training data to perform deep learning. The object detection model
resulting from the learning could then be used to detect the presence of single
cells based on input images. This made it possible to predict the presence of
single cells with a mean Average Precision (mAP) of 0.989 (the higher the
better) and an average inference time of 0.06 seconds (the shorter the better).
This algorithm offers high detection accuracy while reducing experiment time, Single-cell detection results in microwells

which leads to improving high-throughput single-cell analysis. Presence of single cell (left) and absence of single cell

(right)
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At first, the research team used bright-field microscopy images as input datasets, which are commonly used for the observation
of single cells, but as these images did not offer high contrast, there were limits to the improvement of the detection capability.
Performance stagnated at an mAP of 0.807 and an average inference time of 0.09 seconds. The team then switched to cells
stained with fluorescent dyes and the use of fluorescence microscopy images as the input datasets, which allowed them to
achieve convergence at an mAP of 0.989 after 1,200 epochs of training. This indicates that preparing high-contrast input
datasets, which make it easier for humans to detect the presence of the cells, is also important for the use of Al.

Research team leader Moeto Nagai explains: "We wanted to apply Al to the detection of single cells. As | had been performing
mostly experiment-based research, the use of experimental data for Al research seemed to me to be a significant obstacle.
However, the participation of graduate student Tanmay Debnath, the lead author of our study, who has experience in the
research and development of Al technology, meant that we could rapidly make use of Al and ultimately led to the success of our
development.

The single-cell isolation and detection developed by this research can also be used to automatically monitor the activities of
single cells. This research achieves accurate and highly reliable automated cell detection, while reducing human labor. Future
applications for single-cell analysis include medical engineering applications in a wide range of areas such as cancer diagnosis,
immune response, and drug discovery screening, which will contribute to the discovery of new treatment methods.
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High-speed, high-precision positioning of stages with unknown
vibration characteristics

Simple design of high-speed, ultra-precise positioning control system without dynamic
model

Kaiji Sato

A research team led by Professor Kaiji Sato (Robotics and Mechatronics Laboratory, Department of Mechanical
Engineering, Toyohashi University of Technology) revealed a method for designing with ease an ultra-precise positioning
control system on the order of 10nm, even if the dynamic model and model parameters of the motion mechanism and
the machine base on which it is installed are unknown. This design method provides a control system with an NCTF
controller that compensates for unknown nonlinear characteristics, including frictional characteristics, to reach the
target position with high speed and high precision and a vibration suppression compensator that quickly compensates
for unknown vibration characteristics caused by high-speed driving. Its design is simple, and it can be designed without
expertise in control system design or mechanical characteristics.

In industrial machinery such as machine tools and semiconductor manufacturing
equipment, positioning accuracy and high-speed response of the mechanism are basic
and important characteristics that affect the performance of the equipment. However,
as the required accuracy becomes higher, the micro-dynamic characteristics caused by
the mechanism and the machine base on which it is placed (which were not previously
an issue) become problematic. A high-speed response generates a large reaction force,
which excites each part of the mechanism. The use of active damping devices and
hardware improvements are effective in suppressing micro-vibrations, but they limit the
range of applications and increase costs. Using a controller that uses detailed
mechanical property information is also effective, but it requires more labor and time,

Overview of the ultra-precision stage used in and requires the assistance of an expert to make adjustments. Therefore, we propose a

the experiment method to effectively suppress vibration and achieve ultra-precision positioning by
simple controller design and adjustment, while using the hardware as it is, without the
need for mechanical property information in advance.

The control system consists of Nominal Characteristic Trajectory Following (NCTF)
proposed by Professor Sato and the vibration suppression compensator consisting of a
bandpass filter and a differential compensator, and is determined sequentially. The role of
the compensator is straightforward, there are few variables to adjust, and it is easy to
determine without expert knowledge. The former can be designed by incorporating an
open-loop response waveform for a given input signal and adjusting the two gains step-
by-step. The latter is completed by determining the two gains sequentially. The resulting
control system achieves ultra-precise positioning even for mechanisms with marked

nonlinear characteristics such as frictional characteristics. The latter can also be used in

combination with other control systems. The effectiveness of the proposed control system design method has been
demonstrated by experiments.
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Understanding the mechanism of non-uniform formation of
diamond film on tools

Paving the way to a dry process with less environmental impact
Takahiro Bando

Tools coated with diamond film (diamond-coated tools) are used for difficult-to-machine materials such as CFRP. In the
manufacture of diamond-coated tools, a pretreatment is required to remove cobalt from the tool using a liquid in order to
achieve a uniform diamond film surface. However, there are concerns about the environmental impact of liquid waste
from liquid pretreatment (wet processing), and there is a need to develop a process that does not use liquids (dry
processing). A research team led by master’s student Yoshinori Saiki, Assistant Professor Takahiro Bando, Lecturer Toru
Harigai and Professor Hirofumi Takikawa from the Department of Electrical and Electronic Information Engineering at
Toyohashi University of Technology, has revealed the mechanism by which cobalt makes the diamond film surface non-
uniform with the aim of developing a pretreatment that does not require wet processing. In particular, the team found
that carbon filaments cause non-uniform formation in smooth, low-friction nanocrystalline diamond films, and that
inhibition of carbon filaments is key. This study was conducted in collaboration with OSG Corporation (a leading
company in the Higashimikawa region) and Nagaoka University of Technology (which has strong ties with our
university), making it a unique research project for Toyohashi University of Technology.

Tools coated with diamond film (diamond-coated tools) are used for Diamondsed /W€ g ] Copide
difficult-to-machine materials. A typical example of difficult-to-machine / [ jCoinder © carbon shell
materials is carbon fiber-reinforced plastic (CFRP), which is used as a light ] ] [aoka] [ (i [ I I ) [ '”I 3 ]
and hard material to reduce the weight of aircraft and automobile bodies. L =
(a) #1 After sced treatment (b) #2 During filament carburization

Carbon filament

|
() #3M MCD film deposition (d) #3N NCD film deposition

Non-uniform formation mechanism revealed

Conceptual diagram of HF-CVD deposition apparatus
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Tungsten carbide with cobalt as a bonding agent is usually used as a tool for diamond film deposition. Hot filament chemical
vapor deposition (HF-CVD) is used as the film deposition technique. The following figure shows the film deposition process. When
diamond film is deposited on cemented tungsten carbide by HF-CVD, it is known that the quality of diamond-coated tools
deteriorates as the diamond film becomes non-uniform due to cobalt grains. Therefore, a liquid pretreatment is required to
remove the cobalt on the cemented tungsten carbide. However, there are concerns about the environmental impact of liquid
waste from this treatment (wet processing), so there is a need to develop a process that does not use liquids (dry processing).
Our research team initially revealed the mechanism by which cobalt makes the diamond film surface non-uniform with the aim of
developing a pretreatment that does not require wet processing. There are two types of diamond films deposited on tools:
microcrystalline diamonds and nanocrystalline diamonds. Previous research has proposed a mechanism for non-uniform
formation only for microcrystalline diamonds. However, there were no findings about nanocrystalline diamonds, which are
considered to be smooth, less frictional, and be more suitable for tools. Secondary, the research team revealed the non-uniform
formation mechanism for nanocrystalline diamonds as well as microcrystalline diamonds with time-resolved observation of the
deposition process for each. In particular, we found that in nanodiamond, the non-uniform formation is caused by carbon
filaments lifting particles on the carbide substrate and making the substrate non-uniform.

The research team also showed that it is important to inhibit carbon filament
growth in the initial stage of deposition in order to inhibit the non-uniform
formation of nanocrystalline diamond films in dry processing. In future, we plan
to develop a deposition technique using HF-CVD in a high-temperature
environment that can inhibit the growth of carbon filaments. Furthermore, after
establishing a uniform formation process for nanocrystalline diamond films, we
plan to apply the process to actual tools and investigate their machining
performance.
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Carbon filaments grown from cemented tungsten
carbide
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"Magic" in the flickering of flames

Fluctuation can be controlled by adjusting the distance between two flames

Yuji Nakamura

Professor Yuji Nakamura (Center) and his lab members

A research team, led by Professor Yuji Nakamura of the Department of Mechanical Engineering at Toyohashi University
of Technology, discovered that the flickering of flames can be freely controlled by moving two flames closer together or
further apart. Until now, it had been known that interference between flames separated by a certain distance causes the
flames to flicker during in-phase or anti-phase. However, it was not possible to stably express the state of "stopping the
flickering of flames" that should occur under critical conditions where the phase changes. The research team succeeded
in stably expressing the state of "stopping the flickering of flames" by periodically adjusting the distance between flames
closer and further apart. This makes it possible to freely control the flickering of the flames, and to elucidate the essence
of flickering flames.

The flickering of flames is a very familiar phenomenon that is easy to observe. At the same time, it is also a mysterious and
interesting phenomenon with vast complexity. For example, once the flickering flames have interfered with each other, only the
stable flickering mode is selectively expressed. Depending on the distance between the flames, the "in-phase mode" that
fluctuates in the same phase and the "anti-phase mode" that fluctuates in the opposite phase are selectively expressed. Also, the
frequency of the fluctuation differs among these modes, which is a curious phenomenon. Although it is possible to achieve
various fluctuating states in this way, there is no example that shows "stopping the flickering by interfering with the fluctuating
flames." In the past, it was shown that this state can be achieved by arranging three flames (known as "death mode" in reference
to the complete absence of movement). However, researchers have yet to understand the reason why death mode cannot be
achieved with two flames.

When examining this theme, the research team found that the death mode is expressed by adjusting the distance between the
two flames closer or further apart in a certain cycle.
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Expression of death mode when flame flickering is stopped by adjusting the distance between flames
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"When conducting experiments involving flame-to-flame interference, flickering will temporarily stop if the flames are gradually
brought closer or further apart," explains Dr. Ju Xiaoyu, lead author and researcher at the time of the project. "However, if the
flames are kept in that position, they will eventually start flickering again. Since the flames eventually flicker, we know that
flickering is a stable state. The fact that there is a delay period until the flames settle into a stable state means that if we can
create a situation where flickering can be stopped within that time scale, the flickering should be stopped permanently. We were
able to prove that this prediction is correct by periodically adjusting the distance between flames closer and further apart. We
also demonstrated that the reason for this phenomenon can be explained by hydrodynamic properties. Moving forward, we will
proceed with research aimed at constructing a theory."

"It has been known that the flame flickering mode is determined by interference between flames," says Professor Yuji
Nakamura, leader of the research team. "Researchers in applied physics have attempted to explain this phenomenon as
nonlinear physics instead of combustion engineering. Nevertheless, their explanation felt inadequate to me due to its failure to
consider hydrodynamics. In response, | began to research this theme in earnest. | was amazed to witness a phenomenon in
which flickering temporarily stopped in an intermediate state between in-phase and anti-phase flickering. I felt a strong desire to
elucidate this mysterious transition state, a theme which has not been addressed by previous research. From the beginning, |
had the idea of constantly adjusting the distance between flames to take advantage of the time delay until they settled into a
stable state. Ultimately, | was able to organize this method with the help of Dr. Ju."

Professor Nakamura concludes: "Introducing this phenomenon at
events such as academic conference is guaranteed to capture the D=10mm Q=500 mL/min L-L_=-5~2mm
interest of the audience. However, it is just as certain that the
audience will, raise questions about possible practical applications,
such as "What is it useful for?” When facing such questions, |
always respond by posing a question of my own—"To be honest, |
only began researching this phenomenon out of personal curiosity,
so let me ask you, in what ways do you think my findings can be
used? This experience has led me to start my research

presentations by asking the audience to refrain from questions on > 100071404
practical application. | believe that one appeal of conducting basic -—
research at a university is being able to purely immerse yourself in

curiosity, without the need to consider practical application." Expression of death mode when flame flickering is stopped by

adjusting the distance between flames

Although the research team is not considering practical applications of their research at the present time, they plan to delve
deeper into the theme not only through experiments, but also through numerical and theoretical analysis. This will be done in the
name of basic research that is unique to universities; that is, through the elucidation of mysterious phenomenon. The team plans
to proceed as an international joint research in collaboration with Dr. Ju and many other international researchers who have
expressed interest in their research. Through the international dissemination of research ideas originating in Japan, the team
would like to showcase to the world that Japan is a place where this kind of (currently impractical) basic research can be
pursued to the fullest extent.
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I Takeshi Hizawa, Senior Research Specialist from the Research Promotion Division
received an "Outstanding Support for Research Award" in the field of science and
technology for 2023 from the Minister of Education, Culture, Sports, Science and
Technology.

Takeshi Hizawa being awarded an "Outstanding Support for Research Award" in 2023 marked a first for our university.

This award was established in 2020 with a view to commending those such as technical support staff who have contributed to
the promotion of research and development through their advanced and specialized technical contributions in the field of
research.

The award described Dr. Hizawa's achievement as a "Contribution to Advanced Device Research by the Construction of a New
Semiconductor Fabrication Environment."

Highly Skilled Professional Staff Takeshi Hizawa of Research Promotion Division

Ph.D. (Eng.) (Toyohashi University of Technology)

On receiving this award, Dr. Hizawa made the following comments:

| am very honored to have received the "Outstanding Support for Research Award" by commendation of the Minister of
Education, Culture, Sports, Science and Technology. | would like to convey my heartfelt appreciation to everyone who has
provided me with support.

The Institute for Research on Next-generation Semiconductor and Sensing
Science at our university has the Venture Business Laboratory (LSI factory)
where it is possible to carry out all of the operations involved in the prototyping
of semiconductor devices, from design right through to manufacturing and
evaluation. Nevertheless, our education and research worksites lacked the
equipment required for prototyping, not to mention the required human
resources, namely those equipped with advanced, specialized knowledge and
the ability to provide technical support for semiconductor fabrication. |
examined cutting-edge elemental technologies such as microfabrication and
thin-film deposition, as well as integration technologies that optimize the
combination of these technologies, and created a new semiconductor
fabrication environment to provide tailor-mmade support to meet the needs of
students and researchers. As a result, we were better able to facilitate the

inspiration of students and researchers to create new advanced semiconductor A scene from practical training in the LS factory
devices, which led to numerous academic papers and conference
presentations. | believe that the award was a recognition of my efforts to
contribute to the progression of research in the abovementioned field.
Moving forward, | shall continue to do my utmost to contribute to the progression of research on next-generation semiconductor
devices.

¥ on April 19, the award ceremony was held at the Ministry of Education, Culture,
Sports, Science and Technology (in an onsite and online hybrid format.) On
May 30, our President Kazuhiko Terashima presented the award certificate and
a certificate of merit to Dr. Hizawa.
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Takeshi Hizawa (Left) and President Kazuhiko
Terashima (Right)
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