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Collective Open Eyewear — Glasses to Augment the Intelligence of Society
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1. BIROARLL

Alertness and other cognitive skills are a finite resource and we need tools to manage them
better. This project makes the first step towards these goals by providing a way to quantify
cognitive tasks (in particular alertness and cognitive load) with an unobtrusive eyewear design
(that can also measure facial expressions) in everyday situations. The project presents work
to infer alertness (measured over standard psychology tests) in everyday life using only eye and
head movements from smart glasses connected to a smart phone. In addition, we developed an
algorithm to estimate cognitive load using changes in the distribution of temperature in the
user’ s face. We present the first step to a fitness tracker for the mind.

In the interaction space, we explore also the recognition of social interactions (especially
looking into head nod and blink synchrony, a topic of interest in neuroscience and psychology).
Additionally, the technology developed in this project made contributions to subtle interactions
in public spaces (featured by The Verge and Gizmodo) and evaluating wearability of computing
(making devices feel closer connected to the body), as well as large scale datasets (over 3200

hours of data) and open source tools.

2. BIRER
(1HE
The major outcome of this projects is summarized in the following:

1. We quantify alertness in real life scenarios over recording head/eye movements (blinks
etc.) using unobtrusive sensing integrated in everyday devices (specifically
eveglasses){1}. We also show that cognitive load can be measured in a similar
unobtrusive fashion over facial temperature changes[5].

2. Present sensor processing and inference algorithms for alertness and cognitive load
quantification, as well an evaluation of several other sensing modalities related to
cognitive states (endodermal activity for stress, infrared distance sensors to detect
facial expressions) integrated in a smart glasses design [4,5].

3. There are other contributions in the subtle interaction space (unobtrusive interactions
over “Itchy Nose”[3]) and in quantifying social interactions, specifically relevant for
social neuro science [2] and several large scale public datasets (over 3200 hours of
sensor data from over 100 participants) as well as open source and hardware
specifications.

This project provides the first glasses that see you. The first smart glasses that give you the
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ability to quantify and introspect your cognitive behavior.

(2) F##

W% T—= Al Alertness Tracking]

Our alertness varies throughout the day. Being aware of
these changes can allow computing systems to
proactively change interactions or schedule tasks for
the user according to their alertness level. Comparing
self reporting with psychological measures (specifically
the Psychomotor Vigilance Task) also showed us that

users are very bad in self reporting their alertness [1].

In contrast to normal alertness assessments usually

done in often limited to lab conditions, bulky hardware,

(V12 . ,
T — or interruptive self-assessments, we base our approach
EOG_V EOG_H EOG_R EOGL | on eye blink frequency. Using electrooculography

sensors integrated into regular glasses’ frames, we obtained and analysed the eye movements

of 16 participants over the course of two weeks Correlation Blink Frequency and Reaction Time

//

300 350 400 450 500 550 600+

in—the—wild and built a robust model of diurnal
alertness changes. The picture on top shows
the EOG signal we used for the analysis, of

special relevance EOG.V the vertical

Blink Frequency (in Blinks/min)
=3 n

component of the eye movement. It contains s
also information about the blink. There is a Reaction Time (in )
significant relation between reaction time over the day (measured by the Psychomotor
Vigilance Task) and the blink frequency determined over EOG_V. This let’ s us estimate the
alertness.
%7 —~ Bl Cognitive Load Assessment |

E Additionally, we developed an approach to detect and estimate
cognitive load by measuring the temperature difference between
the forehead and the nose bridge using contactless thermal
sensors. The system consists of a pair of glasses with four
temperature sensors attached. We have found signs of a
correlation between the facial temperature changes and
cognitive load using this approach, which makes it possible to

develop a wearable device to quantitatively estimate cognitive

engagement. The touchless thermal sensors embedded in the

glasses are shown on the left.

At



Stroop N-back 2-digit calculations

bluel e kred As seen from the figure on

purple blac . _

T yellow red 43*34="7 the left, the user has to
urple black . "
CLLL Task 3 perform different cognitive

Task 2 load tasks (a stroop test, a

Task 1
memory test called N-back

[e=

o

and 2 digit calculations). The

bottom part shows the

difference in forehead and

nose temperature (it goes

down every time a task starts that induces cognitive load) [5].

% T—= Cllnteraction Design and Social Interactions |

A) Video The work presented also contributes to

-t ] iMicmpnone'C:mera subtle interactions in everyday spaces,
introducing new sensing modalities to

B)

enable novel HCI approaches [3].

sl
S Headsel e
Additionally, we use our eyewear platform

as a novel toolset to explore some

phenomenon social neuroscience, in

w02 - particular eye blink and nod synchrony in
dyads (shown in the picture above). Weshow significant interpersonal synchrony of blink and
head nod behavior during conversation (at frequencies of 0.2 to 0.5 Hz).
We also released most of the datasets related to the top level publications and are in the

process of providing the rest [1,2,3]. They can be found under http://eyewear.pro/

3. SROERH

The work presented gives a good start to quantify cognitive activities during everyday life. During
the Project we will still improve on the cognitive load algorithm and detection. We also provide an
eyewear with both functionalities (alterness and cognitive load tracking) in one. It’ s only the first
step to provide tools on an individual level to better understand and manage alterness and other
social/cognitive functions related to our behavior and decision processes. There are several

promising directions in relation to learning and learning processes that we will explore.

4. BCFHl

Besides being well published with over 30 publications some at top level venues like CHI2019 (the
premier international conference of Human—-Computer Interaction) and UbiComp/ISWC
2017/2018/2019, the papers related to this JST Sakigake already accumulated a significant

citation count (about 90 citations according to google scholar') showing that the work is well

dhit

1 https://scholar.google.com/citations?hl=en&user=aBBK-psAAAAJ



received by the research community. In addition, the principle investigator continues working with
JINS and received follow—up funding to continue tracking cognitive fluctuations using smart
eyewear (Kiban-B “Deep Learning the Human Mind”, Osaka Grand Challenge Society 5.0).

Research based on this JST Sakigake work also made it into the media (coverage by Gizmodo and
theVerge?). As an additional result, from our JST Sakigake group, we co—organized the
SuperhumanSports Design Competition® together with Prof. Kurita (Hiroshima University).

Overall I’ m satisfied with the progress made in the project and energized by the many potential
continuations and novel research ideas it generated. I'm also looking forward to what other

researchers will be able to do with the enabling technologies we built in this project.

5. ERHRMRURE
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1. Tag, B., Vargo, AW., Gupta, A., Chernyshov, G., Kunze, K. and Dingler, T., 2019, April.
Continuous Alertness Assessments: Using EOG Glasses to Unobtrusively Monitor Fatigue
Levels In-The-Wild. In Proceedings of the 2019 CHI Conference on Human Factors in
Computing Systems. 2019 (p. 464-476).

2. Gupta A, Strivens FL, Tag B, Kunze K, Ward JA. Blink as you sync: uncovering eye and nod
synchrony in conversation using wearable sensing. In Proceedings of the 23rd International
Symposium on Wearable Computers 2019 (pp. 66-71).

3. Lee, J., Yeo, H.S., Dhuliawala, M., Akano, J., Shimizu, J., Starner, T., Quigley, A., Woo, W. and
Kunze, K., r. Itchy nose: discreet gesture interaction using EOG sensors in
smart eyewear. In Proceedings of the 2017 ACM International Symposium on Wearable
Computers 2017 (pp. 94-97).

4. Zheng D, Chernyshov G, Kunze K. Electrodermal activity sensing using smart eyewear. In
Proceedings of the ACM International Joint Conference on Pervasive and Ubiquitous
Computing 2019 (pp. 653-656)

5. Zhengren F, Chernyshov G, Zheng D, Kunze K. Cognitive load assessment from facial
temperature using smart eyewear. In Proceedings of the 2019 ACM International Joint

Conference on Pervasive and Ubiquitous Computing. 2019. (pp. 657-660)
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1. Dagstuhl Seminar on Cognitive Augmentation accepted for next year:
https://www.dagstuhl.de/20342

2. Dagstuhl Seminars are high ranked seminars on hot topics in informatics. The

seminars, which are established after review and approval by the Scientific Directorate,
bring together personally invited scientists considered experts in their field.
3. Dagstuhl Seminar on Beyond VR/AR held: https://www.dagstuhl.de/17062

H]E
Keio Highlights Press Release: https://research—highlights.keio.ac.jp/2017/06/b.html

TIR)—F
BARZRELE BARYIAIUTAAMIIRN-THIX. ZZADE —HBHFDAT—k
mHMRMN, A= DSBZENIDNTHAZTNADIEI(2016 £E8 B9 H)
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1. HREOARLL

AR L TR - SARMGIBETITOABBHS AT L% YEMNEL—< ORYMY
254332 (physical human-robot interaction: pHRI) & AT L ERES, pHRI THEZ A A S
DY B EAMZE T I CHEL TOEVOEH S AT LAIE. ADNBARLGRETIRET HICIER A
BIERIGENDNSGUANEL, NEBBE1 DDV R T LEAT-EZD ANBIBEW AT LD
BEMINBELGEHONS, FAE BLXDANDEDHEE /A X LA THITEHET ENY TIEHRL, E
MELTHEEMITRA. —ADABE—BDOEBNEEVNRIELHSIET, KELGNTH—T
VRAERBTESIILGABEERS AT LEBELZL ChERRT BHICIE. NADRREE)
HEREDIEEZDEIC, BT E S EEICAISREISEIGHEIL OANERL L REECESHE
RBEBEYCEYZRS S ENTELREICE ABEH S AT LEREROBENLETHDS, LI L
DFREITHL T ATOD VTR ERREH 7O RAMERE T — AR T DR EELTH
VLT, BADTEBRLGACTHERTOEHZIERIFD ZIBATL—LENLINE
HREHBRTHAIN, BEEFBICEFREIEIENZVD, AR TIE. KEREHLLOREEE)
WEEZRA LS EEFARTOAMIMTOEERBAIHO L —AFEMEA—XIZ, B2, FHL
ERIEAIHZEZADEAROAREICERYFITEHIET, FETHREZEDILILXENERES
CENTEDEE T AMERRERFEL. ZDN—FOII7 OV I I TEZERLI-EEDOEER
B BEHHNTr—< O RAFEmZ AL T, AEEBOBBELEZEEL- ABEHS AT LI
NS EBIFIMICETAIMREBTLIILERLNET D,

2. HIERRE
(BE
AKIODTHRTIE, KECRD 4 T—RIZTDOVWTHEEEREL=.
HRT—7 1 AOEEEMEEOEFZEETILE
AEDEDERIZE S TEIZNFHREDETIVILEFNEANED LSRR LI E
EFIETREELIZFDCRUFELIHARICRYMBAL ., BRI, f5&MARDEME
FHRICEBBYDIEIRIE. NMBETILOBEENR I —RN\VINDIERLGEDREE
To1=,
HET—< 2: A\OBEEET LESFEZ HIEE M OB F
BEEFRZEHTE-O0EETAFE. BOWICAIHTAZHRMIZKIET 520
DRETAEE. NADBEBEEEET ILELIzY2aL—2E N —X(ZRHAKLz, EAMIC
FA/ARIZE DN IRAFYRBEOREF EOMRE. ATHOEEBEUNIZIEDR
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MET—< IEFTIAMERDRER
HEARECELHERTEERBAIHOMAS —VFFERL. EHEFEHLEVSGIT
XEA—YDORAK. Y EHIEEMAZ&VA TV MNES T TV ARD TEDEE)
FTORRR—Y DR, SHICTNOAIHRA—YDIAL —2FRRL/A—F v ILERB D
FINA—0ERHIZVWAANDEIEEFAREBRTEEVITSTILABE I —F NNV I X—YIZIE
ALz, EARMIZIZ EERSHREREAIHORRELENEFEHLLBEVSITRET /AR
ADIGA. V27T IV AET—FN\V I Z—YDRAFEGEICHRYIEAT,
HART—7 4 BELE AR AT LDEE RDIBE
AIFHRA—VIZEHEFHHERMER—XIZ. INOBADEFEH/N\T+—IVRESUIC
FENTH—TURICEZDEEEHEL. BB ARBBH AT LORREERT
BEEBIT KYTITATIOFAFIVIHABERRBED I —ILRELTRER—YIZE
BL. RAR—YILRA DI A TRESEZF iR o=, EARMICIE, BBT7 X NEEEFHERRDE
ZREDBER AR EBE.IKE. IROEFITIDEVIZKDIFZIZIVTIRIRIADEED
REBEAIZIVTRRA—IYADIGA . AR—YHLERX—Y DRAFKICRYBAT,

(2) 548

PRT—7 1 AOHEEMMEEDERBEET L
AEMAERDERIZE>THIEZNZEMBERDETIILEEENEADNED LSIZREL LN E

ETIALTHELLITEDICAMEIRSIARE T o1,
EEMAOEAEETAICESIEY DIEFIL

BRARLIEEYAOREDEMEEREERE I AEICEI T HEDERBESWE

EETAIL. ZCTRIDBYRREZIERILTOIFEZIRET HELBIC. ThE AR
T EEER T AMYMBEAZEIT o= F-AERMICK A HEL T o -, T LE
L T3DCAD VI ETHERDMBET ST HAUXIBY—ILERKL T T LICE
HOB(CAD VIMEIER) TEELEEBIT . EERENSTLRY)—RETo1
(https://www.hiroshima—u.ac.jp/news/57377) o
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HHBEETIOEBELHEI(—FI\VI~DIEH

AERETILEAVWTERBERICIIFHEIHOEIL/NNI—VEHTEL, 77 —8l
[CEDKHHMBEETIVEHAEHOEDIET. ABETBNIZRELEZHEEETATEIF
EERREL - FERTTOHESRRELLTIYS (K EOERMEEZERL. RTTY
TERIZBIENEI—FRN\vIDEHRELFATLHMEHAFELTCERERICEBHEIN
f=(IEEE Trans. On Haptics, 2018), FF-& T EILERFHPHEFLELDHERHAET.
ATTI)TBIEED ABEMBENATANELSHFEFEBIE Sense of effort ZRHE
DI CERAT AL EMRL . SmXIBE S 1= (PLOS ONE, 2020),
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MET—7 2: A\OBBEET ILESFAAHIER T DR
BELEFEMTE-ODEEBAFE GOoWITAIH TAEZHRNIIKIET 5180
DEFHEE. A\OBHREEELTET IELIZ S aL—3E~A—XICEFELT=,
R/ ARICE NI RF Y RBBEOREFE
B ETILEAVER LI AL —2avIZ&i o TOTRAFYEMEEETEL. RELH
EHEEHEL LT ESHREKRF/MXEME5THILT.RITILOEBDESD
EOBBER ST, BNERN DI AFYOHANEICEZSEZEITOVTEEL, BEYL
INGA—BIRICEKY  BE/ A RXRDOIRF Y BBBEANDEZEL KRB TELHILEHED,
Ht=,
ATHOEEBMN X EDNRICRIFTEE
AIHIEBEERHTADER A >THRUEATA-OFERARLRLA, BRYFTITS
METXEADNKREELT LMENHD, TCTAIHETILEHBRETILIZE IS
ML ZaL—2aVIC&Y ATHOEERMNAZEMNRICRIETEZELZTFMEL:
(Journal of Robotics and Mechatronics, 2018) o
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(a) 0.1 [s] (b) 0.5 [s] () 0.9 [s] (a) Overview  (b) Compression suit (c) Support

parts

3 AIFETILEFHBRETIVIZESLIaL—3y

MRT—T BB T RAMER DR
TELARTEEEAAIHOFRAL —FFERL. EAFEHLLEVSTIER—YD
M. oS EHEEMZ-EVAUTIDIVMNESITTORAND TELEEH T ARR—Y
DFF. SHIZTNBAIHRA—YD AL —EMELNA—F P ILER O 7/ 23— 0ER
HIZWBANDEEEARBRTES 75T IV HET(—R IO R—YIZIGALT=,
EFEREBREREATHOBKLENZELLEVSTRIET NI X~DIEA
FANTE MR EDHEBMRREICKY . EETRETIEREAIHEFRICHARL.
NZEICRAT AL TENDONSBBEN T ETHYLGACEBFEEDEEICTEHLETTY
TATICRBETOITEN AIRELBE X R EEZMAKL . ERRXEEICBE SN EEE
(2. Za—ROEEHEELE THRY LIF5N DR R %= (Advanced Robotics, 2017),
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Fr-. AFRLEBEERSHEATHOFETFMEIT oz, SHAITFRNTEEZFTML .
NE.REH. ATHRSOBZREZFALETIVIEZ . BRHXEICHBEINT:
(IEEE Robotics and Automation Letters, 2018)

IT7STIVAET(—E/IN\YyHR—

AIBHARA—VE, HAEERICESZ T TR ERMRELGENREIA—F VI T4 R
ELTHATRENSTATT7EERL, TOrMAT#8ELE-(BARORY M EREHE
BRTER) . F-AIHZFEICEEL. FEAYORNEG, MREMEEZIET S
Ta—JBFNAREMAFEL T, BFRRXESITBE SN 1= (IEEE Robotics and
Automation Letters, 2018), (& 5)
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Stretch sensor placenient = Pronation

= Extension
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5 NEIA—FNVIERYANIZALHRA—VETA—TET/IN(R

MET—< 4 BEEE AR X T LDRTROEE
AIFHFRA—VICEDEBEHTERMER—RIZ, CNONADTEE/ N T+r—I VALV
FHRNTA—TURIZHEZ L EERAEL. MBI AR AT LORE REERT
BEELIC. KYTITATDOEAF VIR BEERRELLTRAR—YL—VIZEBL.
AR—YDILEREVSIF LT —ILEADIG AR BE M EiE 1=,
B T7ORANESF AROBFREDELR
EREOEHTUANMIENT, TE/NTH+—IVREFB/N\T+—IV R T hHE
LBDIEEDKSMEEN. FTLRMDERTNAAT O RANELEHERRICED LS
BEEBERIFTHNIOVT, RERLGSTICEREZTL. BERZLTERLIZ(AARORY
MERFMEESR. 2019),
HE BEE IR AEDEFVTADEVICEDIMIVITREADEEDRAEL
BASVTRTRRA—IY~DEA
JINEYPRR—=YRL—= T I2B T 5EEFAMI T DIRRIEEITIEEER(ICLYO
BEPHIRYETRTIN TV MV ERICEET SDIEIEEETHS,. 2T
NEITA—FNYDIZEBE(ZIVTRTRA—VYDREETL. BERONVRRAUTIZE
(125842 TRTFEITS VR fL—ZU 9 VAT LEHRELTEBRRSETRRLE:
(Worldhaptics, 2019),

""‘hf



(’/. Sy
T4—RN\VDIEBRAIVTIRIRA—YEVR NL—ZV T VAT s

g
o
o

ATIBHRA—VICELEEBRFILFL—= TR
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L. EEEZETHERLT= (Augmented Humans, 2020) ,

mini CO, pressure 3/2 solenoid Pneumatic Gel
canister regulator valve Muscle (PGM)
63.”,0” 5 -
{ o | | L 2
=)
1 control signal

1 drumming pattern t

(Arduino NANO)
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BE-RE-RMELLVIAIHRA—YDOFREFKRENLGAFIELT, RAR—Y
KRERDYILRICERYIATZ, NET—F N\ IX—YDERIZKY. T14—ILEZBEHIZER
(FERIVGELS, HFEDA 250230 % NiEHRELTZITEN S Muscleblazer ELVIY
AT LE . TNET—LICHRALEZHLLDRR—YERELz, BFKEBTRERLGLUIC
TEETOERER. BAF—LREOE=MITKRESNT=, (B 8) (First International
Symposium on Amplifying Capabilities, Competing in Mixed Realities, 2018)
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3. 5D REAH

AREBETIE. OADEEMMEE DBELETILIE. O ANDBEEET ILESFTZ=HIHE
RiTORF. OEE 7 AMMERDOERE . QBB AR AT LOEIHDOBEDT
—TEREL. ALBBORBEIEA 2593V ETILOEELEZOGAICRYBATL , X7
AR TCHEONERR. BT VAMDTHAUODEEREFRRET LD TH 1=,
ERTIE. SMEOEHMGEN T+ —T U REXBERGEDEHMNTA—TVRATHRT 57
—ANHERIN TS, TR—PD KSR BFOIELEFRE S 1 —FITE>TIIR RN/ AT+ —
IVADRENBEMIZEDIEASMN, TUFATA AL TRAR—YERELL S M —H(C
EoTIE BN TH—IVRDORALNEERINDIKRELHYS55, ATOD I TRHHEL
FYIRIT I RTIVN D R—Y D EIGEFELEFENAZBHNET HESLRMRETIE, 12—
DEBHUBRBEZBELETHFAUOOEERENMELTIKESS, & HEDEDL HCl(Ea—
YaAVEA—BLURTI—R) DR BHFTHRINTVSEB RO EAERIZET H
RE BB T7IVANDTHAVICHLERTOINVBEADBERERECT, AR RMAZHIE
LIzWRELIZYTHRBRENIRIF[MELVZDD., RBFICESHOT7YIavTATLELTHED
NTWS, ATOD I MCHRELI-BEREENEILIRT A4, (XLHEHER, ST @SN
BB, ERICHEV—RICECRMSh ., BARELTHASNSLSIZHNIE, BEbH
BETEHLEWVIELEERINDLIITHDEDS, TDEEITIE. FELD. LLSEE. HL
FWIIHE>TLSEMELNEL, ZLDADNFTIRIEZICRAEZLEZVERSEHADHIZ, HifiH
B TEHILEERL. EBRLTOELERS,

4. BT

HEBHDERIRT

ATODzIRTIR. OADEEMEEDEBEETILE. QADEEEET ILESFERH
ERMORRE. OQEH T AMERDOER . OEBELE ABEH X T LD ROEED
T—EERTEL. NEHBOBEISA V259 a0 ETIILOBELZORAICRYVBATL, 7
AR TA AV IE (M) EORBMRRICI > TEEERE R T LA L% LLER
BHRICHRASETWEF5E32H2= I A —RIZLLREE 7 - B EE - RiEifEY T+
IJVRTIVENICEATHEFREBTURE. ZORMORFKEEETE. ICAT7s—ILFDIREE
28, BREECRAR—YTITIETADILREVIFHLN T — LRI T 5N TE
fzo TOFER. /X 20 K, EfERE B K, BERELE 11 K, BFEE B HLEORELTHT
CEMTERLIED D, BUBEITTRERTEREEZR D, LOLENS, N EHBEH D E G
HICET EMBEEREITEFILTHY . SRIFEER DERE BREGEOHFOENRN-
BNARELERARETT TOHTLEL,

MEDEDH A (AREEAH R UVARERTRIET)
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ZBo
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VOEEMIE. RRAGAHDEKEVIENTE, ZLDOBELEDOERRAREICDEA STz, §i&
HFUOE DO DEEBMARLCARHAOMER TT DO THEREICDEIFTLEL, F-ARTO
19 +% @ L TAREYEGR (Human Augmentation) EWVSEFTILWAFF DS EIFICEH>THY.
R B OPREREORFEREESE TCOEBEE VT, ARBLRERS B O
BEFEEOTVWRILEERLTEY . Iv—CU 9 B AR BOEBEHHR YT —o D1
FEFTITHIELELIT HE-BEANBREERSETOCEFZDDITTL,

5. ERHRMRJRE
(1) Ew (RFHHX) R

1. Yuichi Kurita, Jumpei Sato, Takayuki Tanaka, Minoru Shinohara, and Toshio Tsuiji,
Unpowered sensorimotor—enhancing suit reduces muscle activation and improves force
perception, IEEE Transactions on Human—Machine Systems, 47(6):1158-1163, December
2017

2. Kazunori Ogawa, Chetan Thakur, Tomohiro lkeda, Toshio Tsuji, and Yuichi Kurita,
Development of a Pneumatic Artificial Muscle Driven by Low Pressure and Its Application
to the Unplugged Powered Suit, Advanced Robotics, 31(21):1135-1143, November 2017

3. Yusuke Kishishita, Kazuhiro Takemura, Naoki Yamada, Toshihiro Hara, Atsuhide Kishi, Kazuo
Nishikawa, Takahide Nouzawa, Toshio Tsuji, and Yuichi Kurita, Prediction of Perceived
Steering Wheel Operation Force by Muscle Activity, IEEE Transactions on Haptics,
11(4):590-598, December 2018

4. Swagata Das, Cassie Lowell, Yusuke Kishishita, Kazunori Ogawa, Toshio Tsuiji, and Yuichi
Kurita, ForceHand glove: a wearable force—feedback glove with pneumatic artificial
muscles (PAMs), IEEE Robotics and Automation Letters, 3(3):2416-2423, July 2018

5. Chetan Thakur, Kazunori Ogawa, Toshio Tsuji, and Yuichi Kurita, Soft Wearable Augmented
Walking Suit with Pneumatic Gel Muscles and Stance Phase Detection System to Assist
Gait, IEEE Robotics and Automation Letters, 3(4):4257-4264, October 2018
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1.  Ryota Sekizuka, Masaru Ito, Seiji Saiki, Yoichiro Yamazaki, and Yuichi Kurita,
Evaluation System for Hydraulic Excavator Operation Skill Using Remote Controlled
Excavator and Augmented Reality, The 2019 IEEE/RSJ International Conference on
Intelligent Robots and Systems (IROS 2019), Macau, China, November 4-8, 2019

2. Ai Higuchi, Junichiro Shiraishi, Yuichi Kurita, Evgeniia Shchelkanova, Yosuke lkeda,
Tomohiro Shibata, Gait Evaluation on Parkinson’s Disease Patients Using
Spontaneous Stimulus Induced by UPS—-PD, 2019 IEEE/SICE International
Symposium on System Integration (SI12019), pp.412-416, Paris, January 14-16, 2019
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MENEFENTLNS, ZCT AXHTERICH FTEHLWVERIRBRFERELT &N —HITEFE
S>TRAEREM DI I=EZERT D,

AMETIE. REBRBICERTHZMASEIFERIZREAMELT. BERAROEHE
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BT LB TELIBEDRENREELL>THY. RRBLOFERBEORELERRTE
TWEL, ZCT.REOREMNEMNICIEAEL. BRI DIFEZIRET D, ZDHICIE. H
LIZIDDHAREITOILELHD. F—ITRFROBEICLLHRBMDOM L THS, HEITE
FEROBREFEDERETHS. EZITEFBRIZIDIADITHADHEDRETHS, HRIE
B#TEITTRY,
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EICRRE SERBE TS, BHRE L, EPEEBYIRTS B0+
IHEE BHHILTHE, EMRE L, EPRAPERIOLOERAAESI
BYICEBZOLOTERL . AXZMISESHLVBENE B IETBH FETHE.
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ERRORMEFAERET 5. DHGISHLTRECANFEERHT 5,
m GHEE
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2. AERRE
(=
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TEAK 355 cd/m DIBEETERBERTTDHENTE,

Fro. ERBERBELOICTEOOMELELT. K1 (FR)ITRIEFBRTAZER
FERETLTz CNIE HOKRGEDHRDHAFELICELZITT. ZOFELEICEILT S
BECTHRAAMRELERBERTTIENTEDIFETHD, RRICAVWSTARATLAD
RAAFHECIECTABICHRET DRFABEORAFUEEEZADHILT. FELICEDBER
R BIENTES,

E5I2, ERBEDALVASHLIVICETHIMEELT. KED LIZEHRBEERRLIL
WEIFBA4U58593 2R RTHEM(R1E)LRE L, Ihid, KEGEE DN ERRLE
DRFRMICERBERTL. TONBRBEOKEIZELE TEFRORTAELZAE
THLT. BORTEFTDOEMMESHELDIFETHD.
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UEDESIZ, KTODHPTIE, ZHBICETIMRE. BREBIRIILT—HSIEE
b REBEREEOREE. REICEISLIzA2250 a0 (IREHMTEOBMELRE  RBLEE
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(2) 5+
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DREZREFREL. AR D ERFFRM RDAEEK
L. ENIZEDE TRRERD-HDIL—/N—T
1IVLF DEEZIT ol SXETLI=AZFRICE TS5
HEHEAIR 4 OFBRBITHDH. RFFMTREIL
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REFEICEL-ZMDEEZIT oz, RETFRME
LT 11 BEORMEFEL -, TOHER. BHOT VLR, FAIL BYFTARTLAN
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