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Data Science

Specially Appointed Associate Professor Berrar Daniel ‘ ?‘\ .
Research: Data science, machine learning, bioinformatics \ )

Homepage: http://www.berrar.com
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Research Purpose and Content

Data science is a relatively young discipline that focuses on intelligent data analysis and knowledge
extraction from data. Data science is inherently interdisciplinary, drawing on theories and methods from
statistics, mathematics, and computer science, particularly machine learning, artificial intelligence, data
warehousing, and high performance computing. The scope of data science is similar to that of the
closely related fields of data mining and knowledge discovery from databases. Data science is concerned
with the analysis of extremely complex, noisy, and heterogeneous data, particularly big data, which
cannot be readily analyzed with standard desktop computers anymore. Indeed, data science as an
independent discipline is closely linked to the emergence of big data. My research focuses on the
development, evaluation, and application of machine learning and statistical methods for the analysis of
such data, specifically in the context of the life sciences.

Research Themes

1. Bioinformatics

Modern biotechnologies are becoming more and more sophisticated. At the same time, the costs of
generating life science data are plummeting, so that even relatively small laboratories can now generate
data at a massive scale. Today, the challenge is no longer the generation of such data, but their
processing, integration, and intelligent analysis. A key problem is the fact that life science data are often
extremely noisy and incomplete. Machine learning and statistical techniques play a pivotal role for the
intelligent data analysis in the life sciences [5]. In an ongoing research project with the Parasitology and
Epidemiology Group, Aberystwyth University, UK, we are using RNA sequencing and methylated DNA
immunoprecipitation to investigate the pathogenic blood fluke Schistosoma mansoni. This parasite
causes schistosomiasis, a neglected tropical affecting millions of people worldwide. Our research will
give new systems-level insights into the complex interplay of the gene regulatory networks and
methylation machinery of this parasite and might ultimately lead to the discovery of novel drug targets.

2. Knowledge extraction from life science data

Knowledge extraction refers to the creation of knowledge from structured data (e.g., data organized
in databases), unstructured data (e.g., natural language text), and semi-structured data (e.g.,
unstructured data annotated with meta-data). Knowledge extraction presents considerable challenges
in terms of data management, as it is necessary to organize and store data from diverse sources,
including pre-processed data and meta-data. In a joint research project with the Children's Memorial
Research Center, USA, we used text mining and statistical techniques for knowledge extraction from
full-text scientific articles [4]. We we interested in the invasiveness of glioblastoma, which is a type of
aggressive brain cancer. To elucidate the effect of sphingosine-1-phosphate (S1P, a signaling
sphingolipid) on the malignancy of glioblastoma, we used DNA microarrays to investigate gene
expression as a response to S1P administration in vitro. We identified a set of candidate genes that were
significantly differently expressed as a unique response to S1P. To elucidate the interplay between these
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genes, we then used text mining and extracted gene-gene interaction patterns from approximately
120,000 full-text scientific articles on cancer research. We developed a data warehouse to integrate the
wet lab experimental data with the text mining results. Then, we devised a new algorithm to construct
gene-gene interaction networks from the extracted interaction patterns and the gene expression data.
Thereby, we could identify a novel pathway linking S1P to the invasive phenotype of glioblastoma.

3. Machine learning for sports data analysis

Soccer is a fast-growing multibillion dollar industry that nowadays employs methods from data
science to improve the performance of players, equipment, marketing, scouting, etc. In a joint research
project with the Sport and Exercise Science Department, University of Evry-Val d’Essonne, France, we
created a database of over 200,000 international soccer matches and are currently investigating to
which extend the outcome of
future soccer matches can be

predicted. This project involves 10 .\ - o
data integration and fusion, ‘ N e S
feature  engineering, and ]
. e . 08 - 2 20
predictive modeling. 5&
>
=
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tools, specifically for the
statistical comparison of
classifiers [1,2].

Figure 3: Confidence curve [1].
Message to students

My laboratory is actively collaborating with overseas research institutes. All students with a keen
interest in data science (and some programming skills) are welcome to join.

Selected publications
[1] Berrar D. (2016) Confidence curves: an alternative to null hypothesis significance testing for the comparison of
classifiers. Machine Learning doi:10.1007/s10994-016-5612-6.

[2] Oentaryo R., Lim E.P., Finegold M., Lo D., Zhu F., Phua C., Cheu E.Y., Yap G.E., Sim K., Nguyen M.N., Perera K.,
Neupane B., Faisal M., Aung Z., Woon W.L., Chen W., Patel D., and Berrar D. (2014) Detecting click fraud in
online advertising: a data mining approach. Journal of Machine Learning Research 15:99-140.

[3] Berrar D. and Flach P. (2012) Caveats and pitfalls of ROC analysis in clinical microarray research (and how to
avoid them). Briefings in Bioinformatics 13(1):83-97.

[4] Natarajan J., Berrar D., Dubitzky W., Hack K., Zhang Y., Van Brocklyn J.R., and Bremer E. (2006) Text mining of
full-text journal articles combined with gene expression analysis reveals a relationship between sphingosine-1-
phosphate and invasiveness of a glioblastoma cell line. BMC Bioinformatics 7:373.

[5] Berrar D., Dubitzky W., Granzow M. (eds.) A Practical Approach to Microarray Data Analysis, Springer,
Dordrecht/Heidelberg/London, 384 pages, 2002.
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Network science

Specially Appointed Professor Petter Holme
Research: Network science, computational social science, digital epidemiology
Homepage: http://petterhol.me

J

©® Research Purpose and Content

To understand how a large, complex system works as a whole, you need to zoom out and look from a
distance. The society itself is just such a complex system built by people and organizations with different
abilities, interests and objectives. Our bodies are another example. Genes code proteins, proteins build
cells, cells build tissues, tissues build organs—that seems fairly simple and hierarchical—if it wasn’t that
the proteins interact with each other, so do cells, etc. and to understand such lateral connections, we
need to find the right level of modeling (or the right distance to look at the elephant). The bigger datasets
we can gather, the more important it will be to simplify the right amount. Representing a system as a
network is one way of consistently discarding some details, to simplify and zoom out, while still being able
to see how the whole system hangs together. Network science can be theoretical—to develop methods
for the data analysis outlined above or simulating such networked systems. It can also be applied, using
existing network methods to answer domain specific questions.

® Research Themes

1. Network epidemiology

| am interested in how infectious diseases spread in populations. These processes are all affected by the
structure of the underlying contact patterns. As a simple example, any types of networks between people
have heavy-tailed distributions of the number of neighbors of people (the degree). This is known to speed
up disease spreading, but it also makes it easier to stop an epidemic outbreak (provided one identify the
high-degree people and vaccinate them, or otherwise lower their ability to spread the disease). Structures
both in the wiring of the networks and the time of contacts affects spreading phenomena. This project
thus overlaps with the previous in some ways, but it is more about adding knowledge to a rich existing
theory than creating a new. In summary, my research is about relating the contact structure and spreading
dynamics, and how to exploit these insights to mitigate or facilitate spreading.

2. Interaction between diseases and behavior

Infectious diseases are a con-
stant threat to public health.

Globally they cause around 20%  © susceptible = :
of deaths, while developed ® infectious. | § -
countries like Japan are suscepti- @ recovered a
ble to outbreaks of new patho- ® aware

gens (like recently SARS or MERS  — active

in neighboring countries). To un- inactive

derstand infectious disease dy-
namics with the ultimate goal to
create effective interventions for
mitigating infectious outbreaks

. Figure 1. How social effects can change predictions in epidemic modeling.
is thus extremely valuable for
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the society. This is also a question where theoretical science is making continuous contributions to medi-
cal science—several concepts, and policies public health practitioners use, come from the type of research
we propose.

There is an increasing amount of evidence that social influence impacts people’s health decisions,
such as vaccination or condom use. Such peer influence thus spreads behavior as a social contagion similar
to the infectious contagion. This forms a feedback loop between epidemic and behavioral spreading (Fig.
1). In response to perceived risks and social influence, people may take preventative measures such get-
ting vaccinated. These behavioral responses will, in turn, modify the infection spreading and cannot be
ignored in a comprehensive theory of epidemic spreading. Our key question is thus: How does social
spreading of behavior influence epidemic spreading?

3. Urban science

The study of the structure of cities and the movement of people within them is another research topic
combining modern data-science approaches and theory. My current research has focused on how travel-
ing patterns are influenced by the spatial structure of the city: how they can be predicted and used to
understand the functional organization of a city. For the future, | am interested in temporal patterns of
activity in cities, basically to understand how the shape of cities affect the timing of peoples’ movements.
A first step would be to make a time-resolved version of out “inness” metric, proposed in Ref. [1] (that
captures the propensity of moving towards the center and then outwards when travelling between pe-
ripheral locations in a city).

4. Group dynamics in crime

Crime is a universal social phenomenon. In almost every modern nation and many old civilizations, there
has been a legal system and a notion of crime. It is also a very well documented social phenomenon.
Indeed, almost all countries have a police authority whose purpose is not only to find and apprehend
criminals but also to document crimes in many aspects—the time, location, type and data about the sus-
pects age, gender and identity are almost universally recorded. This information is usually reported as
averages or trends, and occasionally regression analysis, but still rarely analyzed with the modern tools of
computational social science. Our project will use new tools and new data to advance the understanding
of why, when and where crime is committed.

As a starting point, this work uses a large dataset—unique for academic research—from the Swedish
police. It covers all crimes committed in Sweden over 20 years, involving 1.2 million suspects, recording
anonymized id-numbers of the suspects, time, location and type of the crimes. We will focus on questions
about criminal careers and collaborations:

e Can we see knowledge transfer between criminals who committed crimes together (co-offenders)?
e When a group of co-offenders before do it again, how and why do they recruit new members.

e Are there any statistical laws in the data?

e Can we predict and categorize criminal careers?

Message to students

My laboratory is actively collaborating with overseas research institutes. All students with a keen inter-
est in network science (and some programming skills) are welcome to contact me.
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[1] M Lee, H Barbosa, H Youn, P Holme, G Ghoshal, Morphology of travel routes and the organization of cities, Nature
Communications 8, 2229 (2017).

[2] P Holme, Three faces of node importance in network epidemiology, Phys. Rev. E 96, 062305 (2017).

[3] LEC Rocha, N Masuda, P Holme, Sampling of temporal networks: Methods and biases, Phys. Rev. E 96, 052302
(2017).

[4] P Holme, N Litvak, Cost-efficient vaccination protocols for network epidemiology, PLOS Comp. Biol. 13, e1005696
(2017).

81



7
5 ¥RE (S DB R

EHE WK BAD \
HEASE  EFEHRER. *v FT—IU /S, BFHRERNEX2 T«
&Tﬁ — AX— ! httpi//www.rmatsumoto.org/research.html J

OMENE - BW

XV EVWIREETHEFRF S 0 b a /L O
1) 2y NT—U%EfbicLhara—Fxy NU—7 OE#HEL
(2) 2y U= BALIC L B WBIET S ADEESL

OmET—<

1. BEEOFERERNLGREN
4/&~$yFﬁ&fﬁfi<ﬁbhfv5%AﬁE®H%ﬁﬁiﬁ%ﬁﬁﬁ®$lﬁ i
72 EDON L DD OFREZ BV TR < FIEDA BTN Z S IZLZRMEORILZ &
TWb, 2D XD Btk Z it BN LRSS b URIRE R L % md I fig < 7
R SHIVUTRIRE RN SIS E SIS HRIIEH TE R o TLE 5, —J7., WEIZL
T2ER & R A RO H S SRR O ARSI THIUE EBEE A FFOH S E DSOS
HIeFH R E R > TV D E LTHREIC LW ERE Y T o1E 0 ISHERIT 2 X 0 b IEfEICHn
D2 EITTERNBEIZ LT W EROFFAVSIMEZRGET 5 Z LI L > TH LN LML
THRE R EME L FEO, AR E CIIERERMNIEZ 2N A2 RIETZ A2 TO & 9 25 50
W E4T> T\ 5,

1—1. EFBEES (EFH#EZ (QKD) 7o kaj)

BFESOPONRKN 2T TH L E L QKD) 7o b2, [HFWMHEGRIIC LR
FHHRTHH D, QKD 7’1 b 2/Ld B Alice & Bob &I S EH = — —D/M T Eve & MEX
NHWBEE T BN RNE D IZEESN E AT 5 2 & Th 5, WHELESIZL Alice 225 Bob (2
BIZEREZIBRADTEDITAND Z N TE D, SEINZLEGT 57201, Alice [Z Bob [ZH—
KT DR ED BT IIFOME N TR < B 5 WEEA A 55, b L Eve 28 Z O BRI 2 Il E
T 5L, BT NFORBIC K AE SN HEARORENZ(L L TLE 9, Alice & Bob 13k
ZIEREDZEL G Eve DWETIHRELZHTE L, BZEHERLBEUNCELS$T5HZ 128 o> TEve
DFTEH & RS e GLEBS & £ T 5, 52 EREO BT 2 HET 5 Z L #HE
%%Ek@ﬁoKﬁn%fi\@%%%EL%%iﬁfgﬂfwt?~5%ﬁwékiUE%K
HEEEHEENFTREIC 2 A T2 DI TX RO ENHMNT 5 Z L 2B 62 L (GCmk(1]) .

L 72815 A BRI A D T EBHR O XIE Fik e & zé&é%LAﬁf%éﬁﬁ#%M?é

82




ZEeaomLe (Gmki2]),

1—2. MEERAWELEoE

AR O & FHELE T 7 F 2 VORBUIZES D L ZARMBRT A A2 BT 20ERS 5, 15#
PRI L 70 A 2 R A BB T 2 72 DI AR FUCHAE T DM 2 0 L7 sty
EMN Maurer 12 L » TIREINTWA, Maurer D J71ETILRTIR® Alice, Bob, Eve 23FLi@D M
TR CRIRRPHERR LAN 72 E 72 U TH L) BEFEZEL TS L&D, Eve NEIET 52 &2
TE HNBABERKZHWTAlice & Bob 23%f5liA T2 Z LIZ KL > TEve lZH BTV WELE A
WHT L, BRI T 2HEE IXEN 2 Ok Th 525, Maurer O HIEITHER S BEHB 72
T4 VEIERTH H5EIT LT LR TOI T\ o Tz, £ 2 TAMFFEE TIE STk
BHZBWTHESFTREGETH D & XITEve ITHLNTICHEG T AHBOELFMH L., £7-
B R M TR 2 B b L2 D BIZHEED Maurer D 1EEAWSEAIZ BT, L0 £E< D
S a it cx o AR LT,

2. *v NU—2 %51t
WkDarva—4xy hU—27 TIREROPHE — FTIE,
Bz L72 ) — RO OZITIMAIEREZ R D ) — NIZZ D E £iimx
THZELMNTFENTWW o7z, Lol Ffk s, — Rz
THBOME ) — R b2 TS B AL LT bEskd
LT EEFTT L, BEHRESHEENNM LT 5 2 EEFEN
LM ST,

Bz X, AROX O, EREEVNZEE A LZEH BICFE—
DT =2 &FE LT 5, FIfk) — FRRZEFEBRE LD E
FHEE L RTIUTNIT 2 WIGATE, HH XL & X2 Ol &2 5%A5
FALBICBIDZLETERD, LnLASD, UrZell 9, e
BT 2FRE X1 & X2 O (EMEIZITPEhAYFRER) & 32 2 L2 Xk D X EH AILXL & X1+X2
ZZITEY, ZNONLEEHFRTHLXL E X E2ETTHIIENTES, ZOL ) Ik —
NICHEB OB ) — R L OEREM T L Clisk+25 2 L2 e xy hU—27F b s
5%,

BEMNLDIAYyE—
FEO R LY D DERBEEMEE N -2 R AE T BEDL L Q0 ET,

BETLEE. JOPzy bEE

WX

[1] S. Watanabe, R. Matsumoto, and T. Uyematsu, “Tomography increases key rates of quantum-key-distribution
protocols,” Physical Review A, vol. 78, no. 4, p. 042316, October 2008.

[2] R. Matsumoto and S. Watanabe, “Narrow basis angle doubles secret key in the BB84 protocol,” Journal of
Physics A: Mathematical and Theoretical, to be published, April 2010.

[3] M. Naito, S. Watanabe, R. Matsumoto, T. Uyematsu, “Secret key agreement by soft-decision of signals in
Gaussian Maurer’s model,” IEICE Transactions on Fundamentals, vol. E92-A, no.2, pp.525-534, February 2009.

ZHE  ETHHBEYRRICE (2001, 2008, 2011, 2014), EFHHBEEFRELETE (2008, 2014), FAPRKRERE
&R (2003)

83



o .
AlaEa—T427
T—XTI7F Y OHRE

B Af EA

MEREH: T4—T>5—=2J/7=—)7FnT0tvY
\kﬁh‘.b./\““‘/\‘ : http!//www.artic.iir.titech.ac.jp

OBEEw - NE
EE=2—7/L %y MONN) RO BLE L1, [FixER | [SHMNE § (R 15RnE

. . R ra>hko—Lo0—#] [¥—4#2J0—&)
ANTHEIREAD 2 B a—T 4 7 OB N &L E o>/ 12> [Ua> T4 %157 LHWE)
BLTOWET, kM Oa v a—T 10 7B Fi 1949 M 1946 ._l Eﬁﬁzg |
| THLOIZKL, Al 2B a—T 4 7 D538 -mm“ — g ,ﬁé
I TREYET | OB L REPEMELCWVET, # -BRxAT1TcRT | R - mu*;«m:;h

DNNE2E
TRED
NS4
LT b

DHNET —%T7F % (SHUIRS ) D HAT > :!];a%!aie |
FTZET, ZNETEDE KIFIZ TR LF — R0 4-!;
WFEE N BN 2 —T (T VAT LD EE,

RO ET ([ 1), Z0 L5 BLN 5 1Al avEa =742 TRRO

. EERNIB/NSH A LDE
TT =X T 7 F Y BHEO KRB EH AN E-STE RIS Z&
(Aﬁ)AI:I_*/ Ea1—F+1 > OIfEEE

AEY
sy

0 Box BEOHCIAIZRT A 7T THEHNRT R 2
—XT I F X EEH TR TOET, %

COREHORIRICIZY T T =T e —R a7 el
MOz S E (b T2RENEE T, 2O g e
Mo, BAIXAT LT 2T IoN—Ry =7 | g . u;zn
HX—T—RAAEREEL Al 2V a—F 4% . y - éﬁ_jggg‘i%%{%;
IR N—F 28T —X T 7 F v 7T T — A CNSEREDAIIYE1—F ( S—
DRfesLa B L THFEL TV ET (M 2), Ty T N PR T T

2. I®a Tk

O#FRT—<

1. DNN77€35L—42OHE

DNN %Xz HUEfE (T 4 —7F7—=0 ) O RCId, Bk, B, b8 | i 73H . AM
DRI NEE L2 . Bt A BT AU X LD TWET, Fohs AEFE .
TR A —NOE T =B FIIE EH T, HOAY— 74 REDHDORVOYT )L
s DA< —ME~EEGHIZIENDE B TERY, DNN AHOIKE b md b 3577271 —4D
FFEARD LI TNET,

Fex X, 7317 DNN 7 /L2 URA(DNN O 8 AREOIEMHAEZ 2 fECRB)IC—RGEALT
LSI 7 —%7 7 F ¥ O 5z | 2017 T 4031 F) DNN Hefmr v LSI 2% £ L, K
TR EEDFLT(H 3), T AT IUNDREETE(Q2 OREFRIOELMEGE/ = —a D
BHEETDETHAA—T5 3 KBV 7 4F¥2T77 /0% DNN QLo % 2018 4EIC

84



RTHDTHREL VKOO EEZZELEL-(HM 4), BIfE

1. ISR REER— AL CH 252

TINTYXLET —%T 7 F ¥ DOWHANZE AT DNN 77851 —Z O 4456 TVVET,

2. F=—)IURIUDWMR

A —MEBRHET AR IZB O T, A R BAFEET D
G IAILHD T — 2 21503 U C I e 7 ) W <o il 181 &
BT T ZEBRROONFT (R, fr A 7T, B3,
45, ZOXH7RERET, BRI e A L L QR T A i
WAL LU TEIBITERY, YRR 72 T =L — /)
ALIREE | 23 LT T ==V Z IO 2 5 TR Z LR T
EHLIERHOENTNET, WbdE 7T =—U v
HLEZD—ODOT Fa—F TN, Fx i DNN OE 7o
TALT ==V Nk ARIE T e ZAOEBVEICEH L, Wi
FlHWIE A CELBER DT —X T/ F v T T T+
— 1270 LSI FEiEDAFZe &b Tk,

3. BINBBRE/N\— FU T 7HETOHR

GBI DIE AL A SR DRI, [ b —Ry
=7 | EEBLT 5720 OB B ET T, ZoHdfrox
AF=TELT AL 2B a—T7 47 58~ H R E 8
W gD T ET,

OHEISDAvE—

2018 FEFETIIRE KT KFEFE®RE A ERczo
B ORI AT CEEL, 2019 EENDITEEHAN A
A FER (T FNT BN Al A B a—TF (7 | e =y
NMArtIC) & Hrix L. Rt = o M [R5 B -2 23 B
WHEFZEEHIZ, BAROHEM TR /252 % BEEL T
HEZ LT COET, HILW G | 25 2 52 &7
AN, TRRFH I F 7 N, VTR N—R Dl FE2HH0Tn

A AEUNNAL

Besa_), JEURHHLT—

E—S(CAFIE

XNOR%— b
-G/ PHEALL—F
EHEEET)

~E i =1 ﬁ
o n g
3, >ME ";'!
X
,"ner
SRAM nm CM -
X 3. /\171) DNN #:mFv7

2007 E)

SRAM

96MB Stacked SRAMs

4.3 RuFEE-HBMEFIE
DNN Fv7(2018 £)

AR DO ZE T BOIHEDVTZNANRE | D ZRI T Ze~DIE AR o T A DES V2K
BWLES, R0V b~OZ W, 3L R, TR B L DO 1 ) F b RRRIIZAT > THRY,

—HRR D E BE i TP R AR R TS Rt cx E T,
OEETHEE ooy raE
1. BFZEIEENV 2 DR (ArtIC A — b2 — R 4ei5 )

http!//www.artic.iir.titech.ac.jp/wp/research/

2. WL R==a—A AW RE LR EZSE I RSTLDT =

https://www.titech.ac.Jp/mews/2020/046309.html
3. NEDO &3 —i#:
https://www.nedo.go.jp/content/100885737.pdf

=7, Ak
H

—V 7= wB%E (2020/02/18)

Al 2B a—T 4 TR T —F% T 7 F v ITb 726960 (2018/10/31)

92 4= IEEE JSSC Best Paper Award, 99 4= IPSJ 4B Fim 3. 11 4= IEICE %

fE . 18 4 ISSCC Silkroad Award(fg#%4), 19 4 JSPS B EE (FRE2/4E), %

85



f
FEBIET Y b7 — 0 O

g WE "X (OFEESH HhDODY)
HRESE . FHREERY FT—5

(A oa—xy b, BEHE. FIHKRY FT7—2)
&Tﬁ — AX— ! httpi//www.net.ict.e.titech.ac.jp

OHERE - B

® k& 72iE(E OIRIET D BB CilfE i & MERF M b S 2 a5 U B3 D iFgE

o I T VVDRM = ADEEEERTHHIE T LY X AT DT

o U7 NAZALAN)—LOBELER EZBERE L7 v b a/LHRILEIZES 3 550
7p L, EEEA v H — %y b, WIRETHR R Y N U — 2 72 PEREE R Yy b U — 7 — R E %t
G LT, Fyv bU—ZHEEEN, BIOWEEH~ VT AT ¢ TR E . B & oM
E O L TWET,

HAENDITREIZOE A4 RBEBETERERICAETCATHA ) MEOMIZ Hfg L Cifstx
1T92& &I, TNEZBL T, HETHERL TV 9 2 TUEREEL REET 2 2/EICFITHOIT &
TBONR, WHFEED BRITT,

OET—<

1. Ry TN R TIT7AILEED
ATLIZEFTAMEMNGZ DTV VEE
7IL3) ALDOHE

Ty v ot HOTANOBEITY F
LE LT, 2—VERIZEV 77 AL E2—
WCELET D BRIC, £ OEERK Lo/ — RoX
¥ v all7 7 ANOBERERFT DA,
P2P Tl Freenet <° Winny 28, F£7-. Web ¥ —
NTFaFy— A7 AL CN T, b7 A
TLy R TaXx v AT A S TIECN 2 8, <38, st Tnwd, ZohEHn
T ANEBEY AT b, KR TIIR Y 7 - XA« Ry T 7 7 A NVEEYV AT AEEHRT D,
ZDOVATAIBNT, 22— OREEZ R LT 57-01Il0%, 77 ANV a T 38T
— X OBUGN5E T LTCHIO CTIATRENAHER 2D, 22— NV 72X FEZEELTHhL, &7
— B &5 HETORMTH DV — AR OVHEE /NS THMERD S, £/-, V7=
ANBRETSEH ) —ROED Y 73R MRy T Y7 bied, KFRETIE, A LRy 7 L
72% One-link I H L, —ERXRHOFEHEEZ KRS HZ L2 HIE T 5,

AT, VI A N 7 7 A VEBBRIEIC Y 7 A VEEE LTESEAIL, ROV 7 =& k

86




BE ETOMDRITRERZFFD LW EBEZRA L, IELWZ EZFEHL, Zhaeb iz, &
Y TN Ry T T ANLE L AT LA OWEEZBE LAV a— ) 7R RE L,
OB GO TIEVEREZ N 2 L ITaBh LTz,

2. I—YRERFCEICLI—FHE win QO [oon | eme

REMLZEZEELEZTFSEYY OQ——@mawm |

SIS LI B LSO R I, Ny p——
SRR, Gk, RO ©——man 5

B LR EBERE e o TWZR | HIRDSE(E DM A € O E EFRT LILR S RWIES TIE, 1€
KHFXEHND L filx D2 —FITk L TRELRANHEZAE T SELMERET 5, AT,
ZO—WREICER L, MABERBON T DIRME BB LN, 2a—P g om
ZH & LT LW S a2 5,

AMFFECITHEAE R & LT, B 2 BRI (RHHIR T v — Ll 7 v — I IRE) 12
KL, INARICFE iR 255 G SREL, Z0EZ O, fa—PeEzm L3
D722, fN~D b —F VTR & 22 DR (b — 2 VIEHEER) & Fe/ NS 281 LW A
FRERE LT, ZOZAMHBEFRTIL, BT o —FRIERHIT, & ORES T OIEFE kA,
FE AN T A =2 TH LB LY REWIGE BB 7 v —NRER T v —D5AICEE & LTH]RY
WHZ LT, M—HNAMEEKKT S0, HMURBERENSLE L 2D,

= 2T, B ATHIEL R MIM2/MIM2/S/S BNEE L 2T M2 X B =5 b B GRS E LA L S0l
FHRIC K Y Rl e A S L, T OREREAFHT 2 2 LIck BEFEEZHORWES
D h—Z VIR (rnon) £V KIEREA . 230 h—F VRO F/IMEE FZBL LT,

LENLDAvE—T
FAEOHEMNEZEA L DRSS T, RSB 48 U T, WEORE % Rk W57 & imBRi
BET FHEME, 2 2= —va UiE)), SDITIT RV AV MENE, FECHICOT S
FT, RLUTERMEETIIRWEEBNETR, a7 nWPEIAZBREHLLTVET,
UHFREZ SRS 27, BT FEANCIEERATRD 2 842, MBI LET,
BETLEE. JOPzy bRE
#@C  “Local Optimal File Delivery Scheduling in a Hop by Hop File Delivery System on a

One Link Model” , Hiromi Tsurumi, Takamichi Miyata, Katsunori Yamaoka, Yoshinori
Sakai, IEICE Transactions on Communications, Vol.E92-B, No.1, pp.34-45 (2009)
“Single-Fiber Access/Metro WDM Ring Architecture for Asymmetric Traffic Applications in
Next Generation Networks”, Mitsumasa Okada, Katsunori Yamaoka, Yoshinori Sakai,
IEEE/OSA Journal of Lightwave Technology, Vol. 27. No.9. pp. 1181-1196 (2009)
“Optimal Threshold Configuration Methods for Flow Admission Control with Cooperative
Users", Sumiko Miyata, Katsunori Yamaoka, Hirotsugu Kinoshita, IEICE Transactions
on Communications, Vol. E97-B, No. 12, pp. 2706-2719 (2014) 7 E&Feft & i S0 50 14
FBET 4 UHERITIE Y AT A, FEUERKFEHRS (2005)
SH E#r Y U — 7 W9EE(2020), TEECR Y U — 2 BIZEE(2016), EFIERIEE R
B (2014), 8@+ v b7 —27 W98 E(2011), IEEE CQR2009 Best Paper Award(2009), [
X a=r—va VESEFRE(2007), HRITKHKERITFZEE (2006), 72 &

87



7 oo
% ® JLirii & EHE LB DR S

Optical Imaging & Display Group
g WO #iE
MRS ATH, BRIZFE, RAT ST 14— DRER
&‘k — L ~X— 0 http://www-oid.ip.titech.ac.jp

OmEnNEs - BW

I & G AR E AT 2 A L7 LB Y AT A0 FEHEZRIEL T, vV F AT hbA A—
TUU BB ZRaT 4 AT LA EREE, 3WRITEBR, w77 40— L0 ETT
STWET, F/o, ERR SO FICEHERY 25 A OMZE L BB T T E T,

(T4 7z v=T7 ) r7a—x) L EREBEa—X) ZHY L TWET,

OET—<

1. EYOBRPERZ)T7) T4 —am<{BEHTD: ArAA—DUFETARTLA
WERDMEE L ZAT LTI, T4 AT A BICERENDMAEIT, E L 13RI 5601272 - T
LEWET, AFIETIE, EYOOSLEKRE LRI, VTV T 4 —m< BT g 2T
A%%ﬁ?é_k%E%kbf\MBS%%KTT&@<\Fvw%x&?%ﬂdV%ﬁéj
(2D < BHEHART OB 21T > T E T,

(#7877 —~ Dfil]
BRI~ )V TF A BOVIEHG (3 SEiifg) ATl o B %E

%EE_‘Z@%{%? /f X 70 [//I) ®$EEAE/J H:I:,ﬁ:lﬁ = ELLL] L] =
53 JCEHEEAT O his Bt e & -
Sy — * . u
g-tﬁn’_dln’
v iz | S[88 BRI G evucl L
FARIREES < FHifE DIE sszen SO . -
BORLETIN oA A —2 0 212 L BEVERM 7 M| ] o e

LF A~ LT ¥
YAFAST PVERATIFE Ay WIS S BB 2T A OB

2. rE%E‘JTE STl D71=- DE{EERMT T
SRERZIMT I, TR DA A BEEE CRIZ L CRM B O ERCHEMEE S A HET D
DT, 73>/u EDIRIEIT S 2R DI d 1= » THEE /R E|Z B Uk4, ABFIETIE F%/
HNVATA R EHICESWTE LN T VX VIR B 5 LT3 2 — A fiihr - F@u
HitizmA L., EER IEREE] RWHEZHOERZBEL TOET,
(W22 T —~ D]
. %w%mm%%ﬁ8®ﬁﬁﬂ&~y%%&ﬁ
o HEBMTIC X DN E AR EEORH
o BT - FEERICBIT A ALEEDOIE L DX O IE

88



= EE S AE

e s — RS B
= ; =R E 0
EAEELE _
i Y . AL TR
A2 E AT ERRHI ) e misy

BERBADA DA I 5"' -
FUENLATAE ZAEpF— EE:iE%SUM%%

AR5 A K 265708 VBRI Ut
[ 2 VHRBI: | AZTANT T C G AL - I AT HplT

RAT S5 T 4 —I2&k BIIKGRTREA

a7 74—k, KOTHEEHOBRLEZRH L OB & L CRiek - BAET 2 HI
T, FREERFHISCHEET SA A, X2 VT 4 —HIR, A7 2 0%E 172 IS
NTWET, FEE L TOEEBIET 2 28T, Hanb T ZIZEDERRH 200 K 512k
BERRTDHIENTEET, AFRETIE, T VX NVOZRICEBT —Z N6V T VT ¢
—DENEBOT 4 AT LA BT HIROIEZIT> CVET, Flodhn s 7 2oe5%E
FEba—vrA X T 2= AOEEIIEHT RS BHED TWET,

(8527 ——~ D]
ek & I O BRI S @B R n 7T SRR
HEBES A N7 4 —L KAS) « WUFR « 2R
RGBS | 2—YF A BT 2 — R
ru 7T LNFERFERN BERT AT

e o

FRHANAD 25 5 SIS ) A o F TR SHELEEIEAS S AT A

* & o o

L AVEAT—Y 3 FINA A= UTIZKBLURALRAAS - TOD oy —Hil

AU aT—aF A A= IE L ROFEBER AR EICE X AL A—T T
BT, AAT - TuaV =l X—IZBT D5V A X - 18 - WEREE 72 & OWELROPERE R
OIS T 2 2 ENTEET, AR TIE, ZOFEIFITHESI VXV AD AT - TR
VA —DRFEEITo TWET,

[ FeT —~ D]
¢ LUALVAA A= T DEODIETR - (E UL IE{
. W?F

<

2 g FEHERR I

HBERT Loy R

HUR D Rk st

OHEILDAvE— LY RV AL A=V A
FERZ AT L 2FY LT TRICAADIICT D Z LA RIEICLTWET, 17 FDH D
TEVA ML=V a Lo THie iz tbRic 7T E— L LEL & 9,

BMZEIXE T A —/V . yamaguchi.m.aa@m.titech.ac.jp \ZEFEV L FE T,

OMET H%EME. JOT) b E

1.

2.

M. Yamaguchi, "Full-Parallax Holographic Light-Field 3-D Displays and Interactive 3-D Touch,"
Proceedings of the IEEE, Vol. 105, 5, pp. 947-959, (2017).

CIE 223:2017, "Multispectral Image Formats," International Commission on
Illumination, 2017. See http://www.multispectral.org

89



KE%ME B ERE - R E

REEDTILT ) XLDOEIE &G
BE WA U

MRESE . E50E, FMHE ZEL #EEE

R— L_— U httpi//www.sp.ict.e.titech.ac.jp/

OmEnNEs - Bl
(1) [EBME 72 & F — 2 A = o ZAORERHIRE & iR 2 im0 7 L =3 U X A OAlE & KR AL
(2) Rl SRR ERE T S AZ BT - M - Bt ORI T L 2 X LB
(3) E AL - FoE b7 /3 XADEE - FE - @E - WEEESHEOMBEA~DGH
OET—<

1. EENEOHEMEEXMRRT HIEHENT7ILIT) XALORIEE FHRIE

SHOT—HF YA T A% FTRZ L TOAEFLEEINNT, TR0 [H/h_FHE L7—V=x
O NEARBISRM ) OS2 L Tk, [(BRE TEAR) HoEMaE AW FmER] & TH
RHHC TR (B A-~UL MERICIBE SN B4 7 A0ER) | 2d@ot+aE LThWET. Fi2b
X T ZEH TR TE R WEROEERELZ ATRRICT 2808 & TRk EE) OIEH P72t
A NAETFIRNIE = DME BT LIRS TREE(L 2 L7253 2 L 2 ME L, #fi e CHEHRS
ZBBULT 2B T L3 U X AOBFICHER L T ET. e O % IEBEICIA IS S,
R&ERA T M bz, FiRROGFRIEEZFEG L CWET (BT, FEm 7R arsesl 2/ LET).

2. FHRESLOMBBECHAEOEFHN7IL T XLOMAREGRICEYT S8R

RN RO B R E LWELOR 00T T, TERBEOREE ST, (55008 Wi E o 4y 85 ¢
FENIERTE TR o L HERIEHR) OZL< R, Kix FEERFHRORERES] L LTK
—RETEDLZ LN TEE L., AIRETHAELEZ A7V v FREAKRTE 1T [R5
HEROFFE) & I b0 ER ) oGO <ch o, R THID T IFRIEREBRO AT RES -
OiMEE -] ORISR LT3 AATT (D). A 7V v NiERE FEE, BEAE
DMERAFE L ME U C &z [Pt 2 Fr ol L) OB ER LT b, T%
EBFOER E M 2 TR OIS AN RRE T, Hil 20, THER MR b 0858 & L TALF]
MENTEEIR—b « X7 F—% v FU— 2 1T TS &2 R 28] 2SN g 7Y w R
KABTEOISHICE > THD TEREND
728, BEIAE S A0BE - BehE - WA DRE Sy
PHIRE bz 700 LSO TWET. FIZ
AFRETIE, ZDOT AT 4 7 & KIAIZIEES
D&k, DEEH L AELE) ZB% L,
[ BAES O i ) e/ IMERIRE ] DRI % Bl
DL TWET. oL ARETS T A
BEPE R R, MEARE(E > A T A ITA < IGH
S, MO TENTZEENEIESNTWET
(2015 [ZIXEFRHESED Ny 7Yy —F b
IEEE Signal Process. Magazine DT i
@1 FEASRORREOFHA, oRELRREER  HF/FIZBARATHO TZHLTVET).

Iyl = T(.l‘,,) = )‘n\-‘e (T(ln)) NAT)IFBRBBTE

90



3. REMNEMRT7 VS Yy TEEDERICET MR
BHRERBOMMHURA L b XITND)ITIE 27 OBEGOEEERH Y 32, VE—MEr IR
= G AAEE T, 2 ot bR RIS FRAE Z bRt 1) 2 stfge B (R AH dh i) 23 B & 72 5 7
W, Tmod 27 OAEEME] ZMEH LT iEe 0 80, f/NEEEZ2ESNAR dh i o & HE (2
WAl T > 7 > TR i = — U 2T ¢ v 7 Ik L
PRI CEEHATLE. bhubiud TrAd dhmm e
Z X NVGHEERE] [ZIRE L, 2IRICAT 7 A B
TERAINTEERXY VG TREEONAET VT v
(1998 AWM= THEAE) | ZJSH L, 2 Rl T > T >
FRIBEO BRI UE LTz, 2 OfBEICIIARE - 7
BT« 8407 - Bt LA B BN EME STV ET (M 2).

HEMLDAYyE—
TR ZORERTH D IELAF VR F 7 0 T (1452-1519) D0 F T, BUROD(E BALEE - Bt -
ol B E S U< Red o E T S A S Bl A CHBEIHOAE I LEL X 5.

BEd 5%E. JAocy baE
1. I. Yamada, “The hybrid steepest descent method for the variational inequality problem over the
intersection of fixed point sets of nonexpansive mappings,” In: D. Butnariu et al. eds., Inherently
Parallel Alg. in Feasibility and Optimization and Their Applications, pp. 473-504. Elsevier, 2001.
2. 1. Yamada, M. Yamagishi, “Hierarchical convex optimization by the hybrid steepest descent
method with proximal splitting operators—Enhancements of SVM and Lasso,” In: H.H.Bauschke et
al. eds., Splitting Algorithm, Modern Operator Theory and Applications, pp.413-489, Springer, 2019.
3. M. Yamagishi, I. Yamada, “Nonexpansiveness of Linearized Augmented Lagrangian operator for
hierarchical convex optimization,” Inverse Problems, 33(4), 044003 (35pp), 2017.
4. P. L. Combettes, I. Yamada, “Compositions and convex combinations of averaged nonexpansive
operators,” Journal of Mathematical Analysis and Applications, 425 (1), pp.55-70, 2015.
5. S. Gandy, B. Recht, I. Yamada, “Tensor completion and low-n-rank tensor recovery via convex
optimization,” Inverse Problems, 27(2), 025010 (19pp), 2011.
6. S. Theodoridis, K. Slavakis, |. Yamada, “Adaptive learning in a world of projections: a unifying
framework for linear and nonlinear classification and regression tasks,” IEEE Signal Processing
Magazine, 21(1), pp.97-123, 2011.
7. D. Kitahara, I. Yamada, “Algebraic phase unwrapping based on two-dimensional spline
smoothing over triangles,” IEEE Trans. Signal Process., 64(8), pp.2103-2118, 2016.
8. H. Kuroda, M. Yamagishi, |. Yamada, “Exploiting sparsity in tight-dimensional spaces for piecewise
continuous signal recovery,” IEEE Trans. Signal Process., 66(24), pp.6363-6376, 2018.
9. T. Mizoguchi, I. Yamada, “Hypercomplex tensor completion via convex optimization,” IEEE Trans.
Signal Process., 67(15), pp.4078-4092, 2019.
10. J. Abe, M. Yamagishi, |. Yamada, “Linearly involved generalized Moreau enhanced models and
their proximal splitting algorithm under overall convexity condition,” Inverse Problems, (36pp), 2020.
11. K. Uchida, I. Yamada, “An £1-penalized adaptive normalized quasi-Newton algorithm for
sparsity-aware generalized eigen-subspace tracking,” Journal of the Franklin Institute, (25pp), 2020.
12. Y. Nakayama, M. Yamagishi, |. Yamada, “A hierarchical convex optimization for multiclass SVM
achieving maximum pairwise margins with least empirical hinge-loss,” arXiv2004.08180, 2020.
13. R. Akema, M. Yamagishi, |. Yamada, “Approximate simultaneous diagonalization of matrices via
structured low-rank approximation,” IEICE Transactions on Fundamentals, E104-A (4), 2021.
14. K. Kume, |. Yamada, “A global Cayley parametrization of Stiefel manifold for direct utilization of
optimization mechanism over vector spaces,” Proceedings of IEEE ICASSP 2021, June 2021.

EE L0 ORBIRENT (2009) /Z B K2 « B, LW A =0 R B DEERFFE] (2005), &
TFEHBE 2 GascE (5 | « #5455 (2009) -+ 7 = —(2015) ], |IEEE Signal Process. Magazine
Best Paper Award (2015), IEEE Fellow (2015), SCRMKRE R ERFEHEAMTE (HFFEEEM] (2016) 2/ %
DAl : IEICE Trans. Fundamentals ###:Z 5 & (2013-2015), IEEE Trans. Signal Process., Numerical
Functional Analysis & Optimization 2, T.%% & 30 i 7y 8 CEER #7557 Editorial Board % & 4E.

M2 MRFROEMMIZ KBRMOOB7 5908
R7ZHALOWRBOMBIZEST EhEL

91



AlavEa—F4 24
T—XTIOF v DHHE

HEHIR B #HE
MENFHF: avFa1—4ET 3> -DNN 7oty

/|
&TI'\—.L\’\O—’\/ http//www.artic.iir.titech.ac.jp J
OmEEw - BB

G == —7 0 %y MONN) A O EhBLL b, 12 Fiﬁiggfbﬁi;ﬁﬁﬁ
ANTLFRRAD T E 2 —T 4 7 D53 B AR & (4> /43>8
JBLTCWET, (kM ava—T 0 7N F
B | THDHDIZH L, AL AV Ea—T 407D e te N
SYBHETHEER | ThET LA REREHMEL TN E (et
T o TDOENET —X7 7T (AL )5 20 0 Hog
WG T 2T, ZNETIVL RIBIZT R L¥—
BRI E N E N E 2T T AT
DOEBNAREERVET(® 1), ZOLH7RBLEND
WP TT —F 77 F ¥ EHEO RKBEH G0 h F
STWET,

B TR TlE, ZOWMAVE ST DI2DITARIF R E L — R 7o C BHEHARAIRIERE AL =
=T A TR Ay MR L CWVET, TATVR L, 7T —% T 7 F v, BIEOHRAMEICERL
T FE DT DY TN 2T N—R =T Wi AT LOEBREZHIELE T,

OBET—<

1. DNN79€5L—420OW%

DNN IZ @V VFEE BRI EHERRIE L DT | 2D BB 28 A IR S CnET 03, 2o s
LCELDEFREZFRLET, £D728 BIEFEMALIIL TS DNN (Z7T7TURF— /R —RNZ DAL
A G ANZEAL EE 2 £, DNN O KGR BITHE L TRy b — 7B BE O EME DM
FECERVWRa—RonRy b, HREDO B SBIOMIA AT AT MMIBWTEDO R AT K7
JEK L7 TOET,

Bz 1T, MLAF S AT DI DIERRERH], 7], st EIROHIK < DNN O E Ak ik
THL, ', BN FRERE DR & il B a—T 1 7% iz DNN O 2372 92457
WY R BT OUNTHIZEAATH LRIRHC, ZAUTHESUEE 7 o8 DNN A A 8+ 5 /1 —F
DT T XTI F v D IEEITVET, TIATYRLEN—RT =T OFE GNP LY AT A2RO%)
HIIRMERL A B 2 D2 LI Ko TREFIFSE CTIXEBL C& 720 o7z DNN T35 @ BRI RE L KR
IO FEHRE BIELET,

2. DNN OHIR%EHD LI-BIEHBFEEOMER L EEALLOHR
BIfE DNN % X 2 DI #8132 05 G =2 —T N F o b — 7 LT DA BEEAETT, L
L. Y5 72 Db DIL RGO RN L > TR E DR BN 210 LS 570 0 E

<D

18550 ) 15%IE
F—#o0—2)
US4 15T HWEI

1. AlavEa—T4U9BRD
IEERANIBE/NSHT A LDEE

92



BTHY, 2D AR =2 —TF NV Ry T — 2T R
STEHLOTIEHVER A, B FE T =2 —T L3
YRT =7 PSNTH PR —I_IZ =< (SVM) | [ pn § | AcF

Distaction
- N N _ S e image exiracion resull
TFUH A77j“—1/XI\(RF) T AT 4T g%ﬂi* 245 ipa 1120 windows'sec. 'iﬁéﬁ:'mm
(BDT) 2288 4 R FIENTFIEL, DoV EEET abmcy deraanon 1 ign grileiaton [6clos: T8 1pe
ENEE AR EBRT AT LN AR T, TS0k S e e s e

W R AN S BRI 2 00 R BURE ) RIS 2. BDT i2 & 29kt HW
I LB BN OF(EL S 2 E T, | T L

F 41X DNN OF 7= 7O CT/NRME R R —
JDOFEBEEN R R EMORG LTI ND Fike
SVM, RF, BDT DI =a—F1 Ry T —7D
FEAR 82 3528 ¢, DNN  CIESEBLA3 A
IARE BRI A EBRLET, F-4FTOMETE
L 7= BEA7 M 78 7k FPGA 38 530 0 7,
BIEA (K2, 3) L, B8 7 /2oL —2Icki A
BT L — 2 —E HEELET, X 3. BDT (2 X 3387& K HW 7%
3. Za—OFENT«4vHAVE1a—TF o TIZKDEE - HROTE
ANEORBIEE SRR D=0 —nr oo —n  MEERET 50 T 7 ATHREN TV ET, ==
—HTIRTAVHLD 2 EE AU BRIA A7 OF B AV TERGEIM DI, (RS
NIZANRA Y 3% = 2— s OIEEN DAL LR K & 5 S T2 L TR HAE 2 FbiuEd, DNN
TREEND A T=2—F A 2y b —2IZ AN OB RHL T LS b ET 23, SO R
B D ASO(E B ORI AL % U CAE RN S TR X B | =R LF— RO E TA
ORI AN TRESHVET, T (ZAERMOREME L ERICHBL = a—0E L7 /a2t
2 —TF 4 TN IS 7258 W T LT R AOWFGE L F D EHE RO B F T,

OHEILDAyE—

2019 £ 9 H FTRIRKZF HFHRA A ERHI TEICTU B a—F—E Va2t R UITH T E L3
=58k, TLTEDTD VAT AT —F T 7T vk gt O 51T > TEELT, 2019 7 10 A0S
BEAEA AT 72T (0T B) D Al 2o B a—T 4 R =y MIBIIL . H ARD FEZRF5EHL
REEDZ LA HIEL CTIREIL CUWOVET, ARIFIEE LRIFZERICEB SN FAEDRE T Al a0
a—T TR =y R LT, ARG E LRI E O KR, —REl>TITWVET, Al =2E
2—T AT e =y D HP L TTEE0Y,

OEET REE. Oy biaE
1. B (B) Tl Ea—T g P EERHUIZRE =2 —F VR NI — 07 78T — 2 DB
2. 8 kA (https://www.j-platpat.inpit.co.jp/C 8 &&= D=7 1 2HFKR)

K
i

\
/

18 4£ T-SLDM Best Paper Award, 16 4= SISA Student Best Paper Award (F§3#&5/E),
15 4 IEEE BAVE S FAMFRRERIE . 14 £ BGEF-7FSEHim CH, 18 F
ITC-CSCC Best Paper Award, 12 4 A~ —R L 7+ AT AT AT DFIE 0 FRF G
FE

93



s

BREBNIFHMO AR C &k DINIREEMRBA L O R T LBF

EHER TN fREI
MRIPE  WERTI—T+7. TLAY I - A28 T1—R
R — L~X— Ut http!//www.cns.pi.titech.ac.jp/

\ /

OmEnNEs - BW

T, I OB REAURZIE R AR I E (FMRT) 72 & A5 5 2 & DRV IR R 72 s
E SFHEIN AR E SEH L TOWET (XD, ZHICfEvy, EREZ T~ 5 72O @i Tlidz
SANEDOMEZBEEHNT A ERTEL LR, BiZarBa—¥—0OMNBREE M _ITfE
W, REOIIEET — 2 N OINEREZ R TEH L2122 22oHb 0 £9, SMFEETIE, 2
6 OIHMRERAIIGTEENEHI T 15 & b TR E giiéj091n7ikﬂiiﬁ§ﬂ7%ffﬁb\7fﬁ§§%*?§§§§
g 72 LIS D IS ENE M ARG T 5 Z &L TENOIZE DD D IMKEEZ MR L, st L7-1F
WEICICNITEISL DV AT AOREZHfE L TWET,

‘Eﬁjﬂ' <

1. T4 X408 71—R

TlAv e~wv A FTo—ABM) £72137
AV arta—HF X7 —ABCI) L%, T
EREDTHTEZ DT THRBRCa B o — % — %) e d
WTZENTEDLVAT LD LT, ZOMZRIL, & 2. FHEOuR Y A=Y &5
BB Y FROEDNRIEL ot axge L () BIOME (F) LR
TEINEY T =y a UREGICENL DV AT AT D P LI
AhDZ b —fEOL—F—Zx L TCHERR AT L L CGEFEFERA SR TVWET, 2hET
Ff# 72 BUI/BCIL 23R STV H T, ERBISEE CTIXEBAE, FIC EB)” | “Fi” . B
D3 OEMBIZL, AMOBEEZZHARA D & LTWET, #ilzEESNEE4 5 BMI/BCT Tl
—RICHEB L L5 L) BREEFRAID FIENLZ S BERINTNDDIZK LT, ABFSEETIX
E@@@vmw%%%me6ﬂt@mﬁﬁﬁﬁawﬂ%ﬁﬁﬁﬁﬁé;k%ﬁﬁfvifo

94




IHRERTIUE, ERTEE > TROEIEXZT VA MNTH X RBEFOaRy hA—2Z
BMI/BCI A CT&E 5 L WIHRIEAH Y £9 (K 2),

F1o, ST D EBITER L 0 bR < TR BN BT 5 72 IS LTI, B
T R0Z DB L5 7 2 i & 5 7 — 2 & L CHIET B aRetE bR LTV E T,
ZHE, FONZEDEIICH I A TS, EOLIRTFTEEZEZTCNDH, #FHBLTX % BCI
L LUCHIC& B aREERH 0 £

2. WXIEMRARSEIC & DAkt aEfZEA

AR DRNIC BT 5 TG 5 BRAE B &4 2 5K
W IR ARAE NS < . TR BN LE S MK OB LA % 5
EMRL IXZEMIAMRAEDS B\, & VD B DY E T, TNE e e .
ROB@ZETEN L, THETRFTE AP0 L D Mg V0o e, (6105
RO BB S A S LCRATET, = gi%?fgggﬁiigggg
NODOFETMEEDESZFNTE LD, EDX I Es ()
b P 0D ELASG 23 AR LA B L7228 BB L T B A
v N — 2 A TS 2 LN TR R, e
RFEEFE T RICED/RRTT R, ZETOMETE
BRI R M L RIE S A MR BELNTHET (K
3) o FTEFEOHEHE (VR) HiroFRICH, BlFE ,
ST T & A BB A AR L, B & IR © . I
20 k5 REE ST ABOMNOZ L RN L 4. MEE VR ~y Fvry
o THET ([4) . ChboMRCmRE, pg 7 17V E ORI
REMRERIC & D7 N AT T2 < BML OFIFI 7 L Y X AITHIGATe Z & T, X W SEEDE W BUI
WESI TR £,

OHEISDAYE—

MOTEHR A2 IR E - T TMFETE0IHR L, £ L CZOMEE NTHESLOV AT
LAELTHIZL T 2RI BN EIRCDFAESADKRTIND Z 2 ]HFLTVET,
WRIENA D3 INHATFFEEE & IRITIFSEE 218 E L TV o, ENSLD 7 R & o LFEFE S %0
7=, B DA THEMBIIZFESEREZF T TR LW E o TWET, IMFFTIEER 23 < Bl
FERIRIZHIE L TV D8 T, AP CH A Hi B AN S CWET, IO, R LT
xEL X,

OHETHFEE. JnPy MG E

1. Akashi W. et al., Vowel sound synthesis from electroencephalography during listening and recalling, Advanced
Intelligent Systems, 2000164, pp. 1-9, (2021).

2. Yoshimura N., et al., Decoding finger movement in humans using synergy of EEG cortical current signals, Scientific
Reports, 7:11382, pp. 1-11 (2017).

3. Yoshimura N., et al., Reconstruction of flexor and extensor muscle activities from electro- encephalography cortical
currents, Neuroimage, 59, pp. 1324-1337 (2012).

95



7
XHRDHEE - KF - Bk -

ERE ED B2 \
MRERE . aVE21—2EDIY, HSERE TIOANT—hA4T, 412485923
K*_A&_:) : http://www.vision.ict.e.titech.ac.jp/

L

Hﬁ"

N

OHREN - RE

ANl arta—4 BUEEEME, BIfELwE, ARRSIFFELR2VVTTOLDET 7 /1
T—ToORE HLOEMREZFEHEET D, SOIEENZRT 7 ) o V—NEIEFUCEITIAT S
TURTHA L ERAONTT D, ZOMEO T, Fxlk Tevary (R & [AE—F (#
BE) | W, IS - FERL - TN AOFBEZ RSP TICATV, ol v AT AR AERHTHE
B 7278 51T > TV ET,

HARMIZIE, R A BRRECHR T 2 B0 a VR, R EIEBREAMAE LTV T VT 4 &
PERET BN, EMRESERIURFET D7 — A THIFD 3>DF —~ %D TWET,

OFRT—=

1. AMMERLELHABETERET I2EERMER O V)
FOIRT 1,000 [E]10D3RE CIARE @A H#E 2
LEYa CHIROFEBITH Y M FE T, B
BZIE, GEE) - BT DR O - T -
HiEAE NEOIRZBZ 5 AL — REMRET
2 DEMOFEBRAZ BHIE L ET, ARHEIZ,
BART 4 7 A, HEHE, 2—HF A ¥ T x—
A, T H—T A A NOKHE I
BIICEZ D NS D EMfFc&E £, 7
A AEHTEEET D 2 LT 1 LOBEZI H#E 3R VT

DNTIE 2 HDIA D 2 D>, FHIHAT & AFHRBA OBEIZ L > TONICERIFICIEREZE T TE 50,
INHLOWEDOY & KGN E AT Iy 7B T D — RRERE CEICEMET 2 mE R
vV T EREELET.

2. BREIOT 195 DELEERRIR

BE LI T HBREL ORI L ZIZHDDOTL £ 92 BELIFBRFELZIROFTTHA L,
HLCHARY T YT 4 2BV T LIITEHDOTLE ) iy AF—<IE, ZOMVOEL
&R B IO TT, T 00 ORITETT, WHIC LM, J/T /414 F I A

96



JHBED A FOREAERANSR D &L
X ZOMREE SN EBRET UL, ARIRR
BEMAERE LS ELZLNTES
LEZONET, ZOMEDOT, XE AR
SRR 4 8 2 T RO 0 | SRR A R
T BRSO A, BRI,
RT3 VT Lo TRIERE R, 22
R BIEMELER T 0 Y2 2Tk e
S THRAT AEMOERICF Y LY LE FAFIyrTaP=svar~yss
¥,

3. RERDFAFTIVITOEINT—hA4T

KB R I EEZERE LT Kb A7 NEHFM S, TUOXAVT —h A 7P EEE
SNTVET, BUERD LN TV DD, E Sl
HROETE | FERICHAATRE/ L~V CTE
TALT BTG XA L~DY T N TT, TDT
DX, BEERT X VT —h A 7 Hif &
A a EIRICEET D 2 EARETT, AT —
~ Tld, mEEHRE T ER—RT
ATV Eb0EZDOEFIEDTICE T
THEN) LTI OREN e [Ty d

UFUHNT —HAT | OERICEFLET, FEEEE L AT 2
BRI, B HEDEEZET D L AL 5N T D IR OB OERR, T35, Z5E
DFPENT — A 7T OVEELEHET DL E LIS EESWEEDEKRL T — A 7055 L L
TIKTFDHZ i Fxy LY LET,

}

HENLDAvE—
WEETREZEDARNT YV Jad—bk . SV TIARTAFTT L NI TR A— R VT |
THEEL, HRZENEIMEEZETO IRV EL £ I,

MEY 558G, ooy baE

1. Satoshi Tabata, Michika Maruyama, Yoshihiro Watanabe, Masatoshi Ishikawa:
Pixelwise Phase Unwrapping Based on Ordered Periods Phase Shift, Sensors, Vol.19,
No.2, Article No.377, 2019.

2. Gaku Narita, Yoshihiro Watanabe, and Masatoshi Ishikawa: Dynamic Projection
Mapping onto Deforming Non-Rigid Surface Using Deformable Dot Cluster Marker,
IEEE Transactions on Visualization and Computer Graphics, Vol.23, No.3, pp.1235-1248,
2017.

3. Takashi Nomoto, Ryo Koishihara, and Yoshihiro Watanabe. Realistic Dynamic Projection
Mapping Using Real-Time Ray Tracing, SIGGRAPH Emerging Technologies, 2020.

97



EEEZN SADFREXRETEESD)

K HEF NAGASAWA, Makiko
NHK

2012 /) (ELiRRET

Ze  Les

LR TR, FFJE. B BRONSE L e R Lol
ek LN TEE L, BRWSEICHI 2i#%CE
B2 A SDFER TOMERERR L 2@ LT, HM oY
& X DODFIRO MO B RIMA T, MEERELTZ
ORIV ML 7 B ZAORBRRLBEZDOEZET U b
Ty b LEIRAER e Z LA TE R LW ET, ERE

B 1HFEOLNS LER, RFOREEZFMMLTAH—2 b
FUT DRANRIN RN FATE E L, B
BTHETTLZ LT, BoothxiR -7z ETHsto ki
it b2 LN TE, ZROWTHLENLSOETEH, £l
R CHEEZROND LIRS EE U THET,

iz HARSNESE & LC. Robogals Tokyo & 9 ZFAEFIK
TR L CTWE Lo, O - FAEOFASH - 3
DFEDODIRPY N TE, kkx RFERHON LS L7
DE Lz, REREREZR LA, TOPTHRELTNEE
WEWNWIFIZE ST, TNERBATEHRENE-STND
LEWET,

A JBE WAKUNAMI, Kouki

ED 7m0 4
1B e RS
2012 /)% HELERRET

3}

FLD 5 HEROMTEAETEIL B LroT2” O—Flio& %
T, AF = —RITHTL % &5 Aesiifkig Rz 8
DOFTERIALIZNERN, ETFRR ST 7 4 25T D
T DICARELRO IO EIROMENE £ Lz, NFEHITELE
DITHREDO L &, AL—XIHTEEAX—FSHEDZ LN
TE, ZALLIEEEZE L CUIERNADOEETEELE

D AINHERE~ DR L ERE L2 S L bEFICHEE
L7z 54ERI T L7z, MR Rk E O RFICHF
THZEHLTE, £RINE TOMNERENTM S, A
AN L VIRFNE 2TELS 2 & bR E Lz, BUE LA
DOWFFEFTF TRl EFE B A T 7 4 ORI HT 7ZHF
FATHY FA TWET, FFRICHT 2 EE R H NI, AR
WITIZENE B R— LT EE 3L Rkt S
Mfii> TWET, TF0TF B L IR~A YOG E F(E
THEREE LIS TWET, REMOHFIRITEFLIZ VD, &
HROFEWMEZBDOFTAHD HLIZW &0 FIFEOAR
BHYA~DANFEEZEZTHTFIN,

§I-S %].' % GUO, Xinhua

Wuhan University of

Technology, China
2014 FJEAR ELIRE T

My research topic was acoustic imaging, which was
quite different with my study in master period. In the
beginning, it was a little tough. Prof. Nakamura gave
me a lot of advice and I began to learn by myself. With
the help of Prof. Nakamura and the labmates,
everything was on the right track soon. I spent three
years in this lab and the days were busy and
meaningful.

I learnt a lot on how to do research on the lab's research
seminar and got very well with my labmates, they
helped me a lot. Also, I got the chance to present my
research in domestic and international conferences and
received my PHD degree smoothly. Besides study, we
also had wonderful lab activities, such as sports, camp
and lab travel, which helped us to know each other
more and gave us a lot of fun.

As an international student, I feel so lucky to be able to
study in Nakamura-Tabaru Lab and will lead the
students here in my current career following Prof.

Nakamura's spirit: caring for students, being

responsible for their study and letting students grow by
themselves.

LR 7 HAKATAYA, Ryo

L BT JIeI T NN
2015 2 fELFRRE T

FAT IR D 3 M. ME NIRRT T 2 R0 bl &
TN EFE DR M3 HREHESEE OFEE21TVE Lz,
BROWREZRATEOZ [EH) X [FE) BDEFEEND
WO REREETE o727, B EFRROBA 2~ TLZ,
AL IXO ZFEROICEBICHERATT D, B O
EBESOFTHED RITNIEDT EE A, AT,

98

KB L., BLEEITV, EET S, 2D PDCA +A 7 L%
W, EEFOEINTHRELH VD LT oOTT
DHLOREZB U LT,

LZAT, REREDOAZIZTLHLAAMETT, 2D 3
M. R AEHTTZOE ORI EZESE L, L
MURRFZ, FAMTE T E THRGHEMO T VA M aflf L
Too ETo, BKOT A TEEIZH AT 3, 4 [BITEEED)
F L7z, 2D DIEECTHRER SR & > T RATR
THEEZLOLRITL BWKEITY, #YIKRLETHRARE
EFBEICHEANE LTO—HE2BAHLTHET, BRoh
7R DX HIEI D, ALDOEETELEZ, 1
WORWKFEFRATE 2B T LT EEN,



A ZE5 MORIVA, Takafumi

AR R A
(NTT #FEFT)
2015 4R fEERRET

FIAS— M7+ VOEFRBES AT LRTLEDY
TIHEA BITBT DTFEMEEHR T, TED X5 TN
ANDOFETEHELZHME L K- FEIELTWDDESH 2
CHRASTONRMIEE LTZWER S L HIb & 5T T
U7z, FADSETIR L7 MBI Sk o b oFfi o £ %
ThHO>EFRRICBNT, HEE T CHIELRDIEFRDOLE

T 2 5 0BE, ATTEEREAREDEHERT 535
BET )L, MEEOWOEHER T 2 F5EET MOV TOHF
FeaAT o TWET, FAH SIS Gk e iRk L 2 28 5
FEOICEBTTLONRT AR 2 ANFICE O HS) Tl
LEITH T2DOWFEEZ L TCWE Lz, ZOWFSEICE L TE
TR TS ORI EITWVE L2, 20T EEAE
B LT 2 & i3k x 7l CAH%BRIFZEE & LT3 g
NEEZSELNIEFITR VKRR & 720 £ Lz, k%
5K THEF LEORMMN R > T2 AN Z 2 F TR Z H
B7eD b B OBBIERIS X Tz EnWizde 4z R
FeHEDERER OFEERA L AN—DR YR — 2R3>
7B IR EESE L TVET,

LA &=} vyAMADA, Kento

VAAVAT AABRSH
(Cisco Systems G.K.)
2015 & ELARE T

_/

FLTKRZFZBED DRI TERFA~EFZ LI-OTTA, KL
KOFOOEEE L FAOBEROE SITITErSE L,
LEEE L7 @3 B L I ORI - I ANIZEE CITA S+
KCHIZEZ D T UL B Y | FIFEDT —~ 23 E L
WIETEE 2175 Z L CHN TERDNEHIZOTHZ &

WTEEF, ARG 2 A% & LCRIE L0 T

TR, BT HRLEREROW S OEBAHALEL SR
Z DI OMIET NN— R b DT L, Loy LIEET D
DR ZHEBEOBNT T EORELY LIF5 2 nTE, FL
DORFFETOWFIEENILRE L= b DL 720 E Lz, N
TOFEBLSMNC A v EZ—r vy TR EICEBINL., 2%
THARZEEZFEBIIT U My FTEOREICHZE
K Z L THDOMG - Hilfo L~ L&k m LEsE5 2 La2E
BMUEBCEXE L, AR Z0XHIfTEHTEX/=0h, K
TROKNZEICRT DRV &S BEZRHEROY
MTHDHEEETWET, BODOHE 25 EF0, M
ik HIRZBENTWERZVWE WY EBRODH D H TR T KD
KREFGETHEFZELIEZAEELEZES>TH bW E BNET,

'ﬁ_l:%—?\‘ % SASO, Kaoru

Y=

2018 4 (&L ET

FUTF R E EBHT M5y N T —%T7 7 F v ~0HL
W5, FFZE=RIZ T Internet of Things (IoT) L4 (i i
TEL/PHTHZRNX — R RO ZTVE LTz,
BFFEIZHR D AT LARTIE & O & 1E D 72 D O AT B 23 =
MHETLER, EOXIREONRRDLENTWVDEMN, Fi
ENEVWDICTE—ATIEINENIBABRICL HWE
WL AXRKL, CHEMRIEBOT TEXD LI EilkL

TEFE L, 3HEMICHZ Y BAETITENZ T8 W72
&, ROWBRERATEFELEE, 2 EOEKESRE TR
REFBRTDIZENCTEXEHERRREIBO N TEF
L7,

WFFETEE LSS TR RICATR T 5 % < OAMEANRA
ROATHARR A L DAl U CEBARRE 2/, £72
HRER D[R] N7 — S HIE LIS C 4572 2nak 2 J 1l e
WaEEDOODESETICARVWY vy LI bHkkT 5 2 & T,
SOV ZDOARELD D —LEHETEREBICETT
EoFE L,

KFZFE I ERESIZI L b AAADBEEORIKDH 5
ZEIHERESZEDTEDRENE S TN, Hix
IR A A TR LG 2L - T &,

HEH K& KURODA, Hiroki

SR
2018 4 1l LFRARE T

AT, 84 EDORREFTE N SEL I ERREEE T T,
L EAFFEE CE SO OMBEAIEL TV E Lz, F54
BB S 7= S k70 T — 2 > O BeEl 2 Bl L C Al o
EWEREZHIET 2 -0 0RER%ETHY, T4 AT
VAL EHEIE TROIRIAE & 7o TR, KRN
ERNTENEEFESICEP L TLEDORWNBICERT
THLRERRDBVOH DT CTT, FAL I E T

99

AL SETHARDOHEL NG SNT I 2o Tz
TATATIHEESEDLZ L2 AEICHEICERY AT
WE L7, S TROVABIZHEAZMESE CENY TL
M, RO CITHET 258 E 2 b EHERER 2% C
WFFEICEL D D DERBEIC R Z < BhiF b, EEPS - X
FETCORER SR LV TSR R ERET D Z
EHTE, PEASIRE (MLHmCEH) 20\ e
HTEFE L, RETOAEBIIHEICRST Lo VEX
HIENTEAHAERREEE LEVETOT, OO
NI IGEILTIELVWTT,



REFBEE T 1 D1 ES

%< OEELRBRE TE P EKE TR E G BB EEEAEA~EA THET, TSNS, B -
HENELEE, (b2 - MEEEN SR - 2 AT 0 7 E TR BIC W THREANER L TV
£, FEERBFRE TH L. BRSO RESLRMON 7R 2 S\ THERTEE 2 A L T
l/\ij_o

& LEREE TH OHER

IBM, 727 %> F a7, TRRUTRAN, 7Yoo —20y 0 FHET7 V) 2—
52X, NEC, NHK, NITT 23 a2=4,—3 5> X NITF—%, NTT F=%, NTT#%0. NTT K
HAR, VYRR 4727 (HERZAEV), Y/, Google, <5721, KDDI, A7 7 =7 -
Ty IR, Bak, WEE., YA R7 A, JAXA, JREHAK, Vv —TF, kA a—xF VY
== Y7 I KAKRRL, FrY— BE, NI XEBE, BARLEA, BRI, TRE,
AARE 2—Ly bRy — R, BRREHET. Wi, 777> 2, Huawel, XY=y AU
A FbhaxrZ—TA Ay b BBEWERT, L, KRB, v A7 A®Y UxoNr ] ZHHE
KERAT, ZZEpEd, M. MERMERT, Y7 — BR, U —b Va—

Xy INANDT A

O mEEFEREE

CABUETYR  WRATAHER BRE (KEURFRES 14) NS
M A P eTTHIATrY/(R HERHEESHR (TTHIARFERS 5 %) © AN LR AR
o B Y)(R IR - FERIUR (BEIRTMGES 2 9) @ Tokyo Tech Nagatsuta House

JR E=MEw FEAFOFILR
Axz wn ETEE e

AL

TTHIE
FvyNA

100



202 14EER H1K
BFHBEEa—AN 7Ly |
REILERFTEREERBFER FRIT
2021%4H1H







