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Innovation of Data-driven Society based on Next-generation
Information Processing “Quantum Annealing”

HEERBECEBEZR ZLIF. BABEEIFICEVWTEER (HaEER)
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@ Solving combinatorial optimization problems is rate controlling in several fields (Combinatorial explosion).
@ Quantum annealing was proposed by Kadowaki and Nishimori in 1998.

@ The first commercial quantum annealing machine was launched by D-Wave Systems Inc. in 2011.
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@ An algorithm of clustering analysis using quantum annealing has been proposed.

@ Algorithms of combinatorial optimization problems using quantum annealing have been proposed.
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@ Big data can be processed with very high speed because of quantum parallelization and
self-organization phenomena.

@ A machine-learning method based on quantum annealing was proposed before the birth of
commercial quantum computer.

@ Extensive experience of industry-academia collaboration.
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@ Cost down on design of integrated circuit (FPGA etc.).

@ High-efficiency technology on statistical machine learning (information recommendation).
@ Acceleration of optimization processing in loT.
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Nanosheet for detecting deformation and motion of biological tissue (soft materials)
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@ Development of motion or deformation detection technology for
biological tissue(soft material).

B.Lin etal., /EEE Trans. Biomed. Eng. DOI: 10.1109/TBME.2016.2626442.
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@ Marking directly on skin is burdensome for subjects.

@ Designated suit is necessary when using motion capture.
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@ Polymer nanosheets for the substrate has high flexibility.

@ Dots were marked on nanosheet at regular intervals.

@ Motion or deformation were estimated from position information of dots.
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@ Dot nanosheet is pasted on biological tissue without any glue.

@ Polymer nanosheets little interfere the deformation of biological tissues.

@ Easy to remove from the skin after and no signs of marking left.

Tetsu et al,, Appl. Phys. Express, 10 (8) 087201-4 (2017).
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@ Measurement deformation of biological tissue deformation for soft

robots etc..
@ Motion capture of human body for the application of sports science etc.. AT O ) '
@ Mapping biological tissue (surgical operation). SEEEER EREROT Y £ T (FiR)
Ry h+/2—bDEESBADDA

BAEREL? |, kA |, KEERS SREAYEFERRMEL> 5—

E-mail : contact-tlo@list.waseda.jp

=SSR, IST S&HF2, BIFMx E£HERFEMRE 1o : 03-5286-9867




FEAREIFERRIRY AT LDFIFE

Development of a Vicarious Experience System for Learning
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@ Difficulty of verbal explanations in skill transfer

@ Difficulty of reproduction of professional performance
due to his/her quick and smooth movement

EENGHERICKLSFE
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 FERICETZERE (MIER vs. ARER)

(B) RF—RDEWVS vs. BLBEGE

Attention in learning (External vs. Internal)

(eg) Way of use of ski plate vs. Way of movement of body balance
A/ RIRDERICER DR
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Effects of Onomatopoeie on actions

4
BRI IR EANENEE

Individual differences in understandings for instructions

Button press by the system

@ Directly vicarious experience Execution

System
activation

@ Control by non-electrical stimuli

RENM ORERNEERE
FHERLEDTHEKICES

@ Quick and accurate response speed

@ Non-invasive system

Button press by the system

18.33ms

HIEPCHSKRY YR UHRITESh S X TORE

Time from execution order to button press

Button press by the system

mm) 25 button presses/ second

40 ms as the shortest rate
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@ Education (e.g., piano performance)

@ Sports (e.g., vicarious experience of own past performance)
@ Rehabilitation

@ Entertainment

HP#HE, BHKkz, ASEE, E2%E
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The shortest interval between two responses
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Time passage
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Vicarious experience
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Support for motion adjustment
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Patterning Growth of Carbon Nanotube Forests on Metal Electrodes
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@ The density of carbon nanotube (CNT) forests on metal electrodes tends to be lower than that on insulators,
and patterning growth with small scale was difficult.

EROMMEEKMEEHSDLES I LT, SEREREICTILI MCEEECNT7A LA E
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@ Patterning growth of dense CNT forests on metal electrodes was demonstrated combining with conventional
lithographies (UV lithography or e-beam lithography).

500CU FOCVDEIK & D EBEE EICEZEECNTZEERRSES LICLD.,
CNTZ7# L X b e TitEREDEBERIENZXH,

@ The direct growth of CNT forests on metal electrodes by chemical vapor deposition (CVD) realized the low contact
resistance between the CNT forests and the metal electrodes.

UWUVYGST711c&%,. BEECNT74 LA MDONZ—ZVIRE
Patterning growth of dense CNT forests by UV lithography.

BEFREEICES. BEECNT7ALANDONRY—ZVIRE
Patterning growth of dense CNT forests by e-beam lithography.
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Highly Durable Interdigitated Electrode with Dense CNT Forests
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@ Conventional interdigitated electrode (IDE) with metals (Au, Pt, etc.) or pyrolyzed carbon have disadvantages
of low sensitivity, low durability, or high process.

BEMERLEICYCILI MCNT74 LA M Z2RBEICHRS EERE QMA DR VWVEIB EBDRH,
@ Highly-sensitive and highly-durable IDE with dense CNT forests directly grown on electrodes at low process
temperature (<500 °C) is demonstrated.

500CUTDCVDEICE D EBEE LICCNTZEZRREIES C LICLDERIBRMES. BRER
M EREREEE R

@ Low contact resistance between the CNT forests and electrodes is realized by the direct growth of CNT forests
on electrodes by chemical vapor deposition (CVD).

Metal-IDE (Au-IDE) CNTF-IDE
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Side-view SEM images of IDE with CNT forests. Potential (V vs Ag/AgCl) Potential (V vs Ag/AgCl)
Generator Collector 0.1 mM Fe(CN)¢* in 0.1 M KCI

Generator: 0to 0.5V, 10 mV/s
Collector: -0.1V

IDE = Interdigitated electrode (%! EiE)

B EBIDEE CNTEIRIDE & DB

CNTEMBIDERIZZMCERETH %,
Comparison between the Metal-IDE and CNTF-IDE.
The CNTF-IDE shows much higher sensitivity.
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Dopamine (DA) measurement under coexistence of L-ascorbic acid (AA) (100 pM).  Repeated measurement of DA (100 uM).

Selective detection of DA under coexistence of AA with CNTF-IDE shows superior anti-fouling property with a negligible shift of
high concentration (CAA/CDA > 1000) was achieved. half-wave potential (| AE1/2| < 1.4 mV in 30 measurements).

HE B5, BH 82, A5 #S3, 4 G’ EREAYEYERRMEE> 5 —

——ym E-mail : contact-tlo@list.waseda.j
SEMRM, BTk BEEERN2, E8EBXF3 1o 03.5286.9367 P




it 3y i B

Scanning Near-Field Optical Microscope (SNOM)

¢ REDRFHSNOMBE—DRRTUMAIETERW, AE (BE) BEHITR+2

@ Current reflection SNOM; Limited to single wavelength measurement. Poor signal to noise ratio

SEWK : H. Mizobata, S. Hasegawa, K. Imura, J. Phys. Chem. C 121, 11733 (2017).
¢ AEMRHDAREZERLZEDTH, LFEDOEEEOINKUEERRT S UBHRATYEY T ZRiH
O B—RRTOAEICRES N TLW=SNOMDRHBEZ L KR ICHRAIEEIC
© F/ A= NIV DOZEEDEERRETHEIO DKM AT REIC

@ "Phase stepping method" realizes spectroscopic measurement with wide spectral range and high accuracy
even if the object to be measured is opaque

@ Spectroscopic evaluations with a nanometer spatial resolution are possible

@ Extended from single channel measurements to multiplex measurements

O EFRRZ B A 2 EHREEERIR @ Super-resolution beyond the diffraction limit is achievable
O EEEOHRT—IHSESH DI HEEBLYM @ Evaluation of material properties with wide spectral range
& BEOREESYES (SNOM) Iifdase @ Applicable to a conventional apparatus

¢ TERGHEATEEREL DBHERICHRETES |

@ High contrast imaging with a nanometer resolution is possible even for opaque samples

Silver triangle: thickness 20 nm x edge length ca. 660 nm

SEM image Conventional Modulation
EEEREA A —I DL
EEBREANRYT NLOLEE RN D ZEMEED FIRILZZER ERAE & ORFEHAD IBE
Comparison of near-field reflection spectratakenby ~ Comparison of near-field reflection images taken by Comparison between reflection and
conventional and developed microscopes conventional and developed microscopes transmission images

HH BE, Big HE PRMEASESEMRREE> 5 —
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Fabrication of nano-optical patterns by electron beam irradiation

MR — > DBEI DOEREOFRKXITHBHE
MRUN - L ZHEURREZEHD I EHEE
RAMEHCHRREZRET S EHNEE

@ Nano-optical pattering with the conventional method is desirable

@ Control of absorption and luminescence properties is crucial for
practical use

@ Novel function should be provided to the widely-used materials

T/ RA=GRT =V DFEHING — > ERRFTHE
ETRBHOHTSRERL/NY — 0 ZFRITHE
R ZER VRN DOREEED AT

@ BEARE @ FhiCiBTE & FHNFE
BosERE B ROBEEY RERERE  FERERERE
BATER IEELE : 5-30 KV e
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@ Nano-scale optical pattern was fabricated by electron beam
irradiation

@ Polymer was used for inducing unique optical properties

@ Luminescence properties were controlled by tuning the condition

@ Nanometer scale luminescent optical pattering is feasible
@ A variety of luminescent species can be fabricated

@ Use of conventional materials enables mass production

@ HADEFREHEMKFL
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Power Generation Micro Device using Fe-Co Metal Alloy

IRILF—=IN\—ARAT 14 VTETORE EER
—REVEHRORDIREZ. MEEEIHERE
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@ Market expansion of Energy-Harvesting technologies
- Unnecessary for the exchange of the battery, charging,
and refueling
- No use of power supply wiring
- Long term power supply

BEMRICLDRERE

Principle of power generation by magnetostrictive material

BEMEOREZED L.
BVWRBWRZETEE
@ Vibrational power generating device utilized

the characteristic of New Fe-Co based
magnetostrictive material

HEEMEIFeCoRE R DR
—MIHES. WAL HSB
(BT © SABTAR, BULXFRBINMEA. FTSHARIRA)

BWRABEMNRZFI SRIBRET/INMR

@ New Fe-Co based magnetostrictive material
(Developer; Hirosaki Univ, Tohoku Univ, Tohoku Steel Co., Ltd.)

@ Vibrational power generating device with
high electrical efficiency

REHSIBEXTORET /N ADRETH TR

@ Provide design and fabrication of vibrational
power generating devices

BEO &EE, EAK 8k, Wil B2, s s
T/ - SA JEIERAFRHIE | BREDRRBESKER? ,

SRR A3

Fabrication of the Device

HEFIRAR
Applications

AHAR(E, XBHFEE [6XAFRHEBERRE -
MRS RREMRBERARARI OS> T I M
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Low-cost energy harvester using thin piezoelectric polymer film

IV VREBME (PZTH) IFEMAREDIELY

BEAFREEMRE LTI TEREDEAAI VE—F VR

s F=1A

B TFREEMRHIIEEE (1000VELLE) IC& 23 BLELNHE
@ Ceramic piezoelectric materials (such as PZT), mechanical strength is fragile.

@ Polymer piezoelectric materials are flexible and durable,
but output impedance is high.

@ High voltage polarization is required in case of polymer piezoelectric
materials.

EEPOLYMERBRDAE > J— M IC &k 2 EE(L
1279y bT) 205 ZRAWCEERZKR
SBNIEZEREIC
@ Making thin membrane by spin coating of polymer.
@ Making electrode by ink jet printer.

@ Poling process is not needed.

BRI R
SEIXLBMH D EICH TR
AR BREBEICL DHNDIER
@ Manufacturing facility cost is low.
@ Enable to apply on various materials.

@ Power up by stacking structure is possible.

FEIRE. BNRE
DIFPST7IVRE
R —
@ Vibration or wind-generated electric power.

@ Wearable power generator.

@ New type sensor.

I X, E4aK #k2, g F$3, B0 8F2, EF B! SmEAYEFEHE#tt>y—
HTZib |FWEBSASLAFER , F7J - 54 TEIFRHATRHE2 , E-mail : contact-tlo@list.waseda.jp
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Microfiber Scaffold for Effective Induction of an Engineered Tissue
by Introducing Conductive Polymer in the Core Layer

SHiEEElREISHERTENE. FF—FREBICHMDBEERICER,
RRAREETIEEPHEIICHUT, TEBRITIRLIEBILRBEE,
ROFHOCRERFHRBMEDOLHDETIVEBE UTHER.

@ Engineered tissues fabricated from cells are useful for transplant ion therapy.
@ Fast fabrication is useful for urgent therapy.

@ Also valuable as the model tissues for drug assessment and pathogenic studies.

E1. SR, S HERRZ R THEE
MRS 3iFin.

Fig. 1. Scheme of the muscle tissue
formation from myoblast via myotube.

BRI IXEFHRZEI LRSI 707 71 IN—RBEHEH (K1),
BUORMHIC LD HEFraERBRzRE . SEESDFOFA,
BEMSSFPEDOT/PSSZEREBICEALRT 71 \—ZRA%E (H2).

@ Microfiber scaffold can align myoblasts to effectively form myotube (Fig. 1).

@ Electric potential, promotes muscle tissue formation; highly conductive
polymers (ex. PEDOT/PSS) are useful as the scaffold materials.

@ We have developed the microfiber having PEDOT/PSS in the core layer (Fig. 2).

K2. PEDOT/PSSZBEICEALEEYr/0O
7Z74)8—, (a) &K, (b) SEM, scale
bar 5 um. (c) TEMf&, scale bar 500 nm.

EMNZEBRH UGB THHEOERFEZRE (K3), Fig. 2. Microfiber having PEDOT/PSS in
the core layer. (a) Scheme, (b) SEM image,
HHRRIETER B 1K,

scale bar 5 pm, (c) TEM image, scale bar

AEEEDOPEDOT/PSSHBRICH D . KROBBRRTOREICEE,

@ Myotube formation is promoted without loading electric potential (Fig. 3).
@ Cell proliferation is also enhanced.

@ Stably present in an aqueous culture medium in spite of water
suspensibility of PEDOT/PSS by enclosing in the core layer.

BERR - N AER © BiEZRALBEER, ®3. (k) PEDOT/PSSHED_E7 71 /\—BBL

1) S - SEREI|SE — TOMENCHELRTE (F) . HEEEAOHEEDH
REER : ZAIFHEAOETILIER, J74)— (%) . HEEHMEEPEDOT/PSSOERAT 7
mﬁ&* ﬂamﬁ%ﬁﬁ 4 /\— (&) . Scale bar 200 MM,

o

Fig. 3. (Center) Effective formation of myotubes by
@ Medicinal industry: Regenerative tissues for transplantation therapy. ~ culturing on the microfiber with PEDOT/PSS in the

core layer. (L) Sheath layer only, (R) Mixed materials
@ Drug industry: Model tissues for drug assessment. fiber. Scale bar 200 pm.

@ Textile industry: Functional fiber and textile product.

RE Bt BEREAFEFERRHEEE>5—

- E-mail : contact-tlo@list.waseda.jp
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Technology to Manipulate Cellular Functions Usmg a Nano-heater:
Cellular Thermodynamics Engineering

FUDT~

. EZRBPRSHOVEGKSFFLHE, BEEX
LICEEZZIFTPTVWERICENTWS, HL. ik
AODE-> e/ NBEEVPHFICERNICBHANL AZMA
B EDTELLS, BNZOFUDERAICIIDOEE
HDEWHHFEHEEEDFITH « REDcHDFEZREILT
EBITEVEW,

@ Taking look into a single cell at the microscopic level, we realize
that the temperature is a most fundamental factor that affects
all cellular activities. If we achieve to heat up intracellular

Heat!

Mitochondria
MRR/NSRE (T/0RG
18) . HFERRNICE
$HT. HRIDHEE E%Uﬁﬂ?‘%
WpEZHFEIYI =
D>y

Nano Heater

targeted areas or molecules, we would obtain a tool to
manipulate cellular functions based on thermodynamic law,
named Cellular Thermodynamics Engineering.

IO "Heat Spots DEBEEY 7ILY A LTEH RACRRT SO
ALELS, UE—MHREITH/ - 70X 7= SHEEH Lo — | BREES @R Y—0Hk)
DEMICBMNBANLRAZMAZZENTEZIHED SRR CRVARE(
E 2, € Z 9 Heat Spot
#fli (Nano Heater), [ ———— £ e "
@ We proposed the method that allows quantitative heating at BEOZLTEYY VY o A,

the nanoscale in live cells with monitoring the temperature
change on the heat spot (Nano Heater).

B, NIR Laser ON

208 R

Heat SpotTOEEZ{L AT (C)

o6 +
5 25 45 65
Time (s)

H2WICNIRES H5WICNIRRS

WERDUE RIS MIEREDA Y /A THAL 2,
TFER, BREOBEYGF1—=2 TH AR,
Y. YL EEZEBATERTE 3 RRMIROEW

BAR BRI — > TORRIBHALE

BRI 7T E o N XHEf1. HeLalilAOBEE7 K h—Y 2FE
BERFIFZRAVEVWEEEDEWVWFE, . sk
poplosis =
@ Allows tuning of cellular functions as we want while previous etk < h
ones only does on/off switching. e 2 mm
@ Applicable for wide-ranging species such as animals and plants g
by its virtue of the principle based on universal thermodynamic
law. Before After heat BE(C)
@ NOT requires genetic engineering technique. EHEFI2. BHAHZ ML R ICL BHRONEEE
BNV RICIHE T 2 BIREDHEE

125 g 1EIDIEE)
3 )

S

EE%]

HABRICRS BWRITROMIREAEE (BER)
EYMTZET7OERICHEITDEN - MEYREDRING
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@ Next generation heat therapy at the cellular level (not only cancer
therapy, but the other diseases related to muscle and neuron
dysfunctions.
@ Modification of cellular functions to improve Bioengineering
process (for example, factory).
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@ Element technology for single-cell analysis (healthcare, diagnosis). ARJOARFR BB CHEEEONE
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Development of a device and algorithm for prevention of exertional heat stroke
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@ Health risks associated with hot climate during labor and sports are FHAKED LR L EHORML
increasing.

@ However, there are no effective way to predict or judge such personal
risk.

@ We need to find accurate and simple methods for this purpose.
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@ We have developed devices monitoring deep body temperature on fields,

@ the algorithm predicting the risks, using heart rates and body temperature
data.

@ Collecting the data and personal log will give us more accurate information.
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@ The device detects tympanic temperature, reflecting well rectal
temperature.

@ The accuracy of the algorithm was verified by physiological experiments.

@ In the future, we will develop a system analyzing personal log and mass
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@ Work environment in extreme heat and needing protective clothes, etc.
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@ Sports safety during activities in school. EEADEZERADT Y ~

@ Personal health development and indices for heat acclimation. 7k (&)
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