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Cognetics: Interdisciplinary Collaborations between Engineering and Cognitive Neuroscience
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Cognetics is a keyword meaning a new interdisciplinary field between engineering and cognitive neuroscience. The
main objective of cognetics is to advance cognitive neuroscience studies especially related to human body perception
and bodily self-consciousness using novel approaches enabled by the application of engineering technologies, and to
utilize the new findings to design and develop novel robots and interfaces. Now, the author attempts to accelerate
this new field from a viewpoint of engineering, collaborating with cognitive neuroscientists, brain scientists, and
physical therapists. The present paper introduces a novel approach using robotics, haptics, and virtual reality
technologies to experimentally manipulate sense of agency and haptic perception as well as sense of body ownership.
Further, this paper shows how the proposed approach could contribute to the studies on body ownership.

1. FLC®IC

a7 %71 27 A (Cognetics) &, BARRRMZEIZE NTH:
FEIMERD 1 A TH % Olaf Blanke #i% (A1 A#FI TR A
0= XK) OWFET N — T2 &> THEED 3 AT Trends
in Cognitive Sciences THZE « BRI N/F—TJ—RNThH 3
[Rognini 2016]. FARHRERIASEIZE TS b DSRKECE
i (bodily self-consciousness) & #EH (bodily illusion) ,
JEEEEE) (sensorimotor) 72 ¥ DM TEHMZ2IEAL, %
DEBRPIEARRA D= AL % INE TIZRVE S ST
5T lEikADLEEDIT, BoNdHEZORY PP V&
7z —ADHGE - BFIISHE T H I L EF R D8 L WFEERR
EMNETH L. BUE, BHEXIAT X T 1 7 AWSEENET AR
KLFEPSMA BT TU—FE2EZELZLTED, RIBETH D
Olaf Blanke ##% 5 & & & IZEBRILEFIEZ HEEL TV S,

INFETOWMETIE, & bDEEKFER (sense of body
ownership) OEMEXFAREER O - HilH 4 CIZFREEE,
ORTF A TR, NTTF4 2, N=F¥)L) 7T 1 Hifli %@
AUREBRMATS Y M7+ —LDBFEITV, b OB
AT LT INETIZRAWT TR —F 2 RE - FEHT L L
HAATEZ., AT, ThoDTEEMIZEVERLEZF
BIZOWTHHAT L 212, TOHEMIZX YV FHZcBFons
IATXT A7 AREDOERIZDOVT WL DN T 5.

2. TIOTF4TEILITYYFDIRE

BRI E L, THR DEERD 2 WIEFRERAIEH D H D
ThHd] LWHIBE -FHoZeThh, HEMEBE (sense
of self-location) *— AFfiisi (first person perspective) &
Mk P ORI E R EZHRT 2 LTHEHELRERND 1D
THb. FEIZONZ NURETH B0, FEEORRELY
I K D HIFR Y v 7 7 & TEBRMIC G KT A K & #F
TRZEHWAREIZRDDDOH B, FIRIE, 1(a) ITmT &
12, BRI NHESINE DGR ERATICE PN A LEERD
ARG RE R L AR e 52 T, FEmERE A
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1: Visuo-tactile stimulation to manipulate the sense of
body ownership

TERIZEER X5 ik (visuo-tactile stimulation) 238 5.
Botvinick & Cohen Z DFEIZ L > THEIEHED 1 DTH
% Rubber Hand Illusion (RHI) [Botvinick 1998] D&fig 2
BRI U TR, ARSI BRI R RS B i —
mHEE UTEZ S DM TlibhT WS,

ZNIZRHLT, TNETOMERTIET 771 TNV TR Y F
(active self-touch) &\ 5 TEHEAMZTEH L2 L WFiEz
RZE L TE 7z [Hara 2015a). 7277« 72NV 7 Xy FTlE,
1) IWRT LI, SARAV—=TYRAFLENT T4 A
FAiOMAIZ L D, HESNEEIPESOREETALRKE
BIRIZZ Yy FT2ZEWAEETH D, MFESNEDFRIZIEH
UH 2\ 3R 2 REOHE R AP TER S Z L0 T
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2: Application of active self-touch to studies on human
bodily illusions

E5. LzhoT, MESIMEESVREREREEHT LI
270, PERFHRTIRIREET 5 2 L AR TH - =178 LA
(sense of agency) XflIHE & ODBRIZE CiEMEILKT S Z
ETED. £7z, URT 1 7 AFEAMOMMHC & 220 - B
MR BN 7RI R D ARETH », Kl Y VI H
filE X ) BEAL TRBINAITE T — X OES & ATREIZ T 5.

M2 RT &1, THETITERA BRI W T
TOTATRNTRyFEEHL, & OSKRBINE DL ZH
TRHIREED e 2 RATE 2. (REITIE, ZhETIzhEE
LCEREBRHTIY N TIA—LBLOT7 T4 TRV TRY
F & AV mE ORGERRIZ DWW T BIZHEN T 5.
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3.1 Rubberl Hand Illusion FfERA DA

¥, ADHEKIZAFLTRIL 7 ZyF D (sense
of illusory self-touch) % 5l & Z T EE, Thbb K
MK E 2B 1T %5 RHI (somatic version of RHI) ZEER
[Ehrsson 2005][White 2005] (27 27 T4 7 &)V 7 Xy F
ERALL Z &0 50 [Hara 2011), €k RHI £
[Botvinick 1998] ¥ Vritual Hand Tllusion SZfk [Raz 2008]
BREERBLT, TI2T14 7N TRY FOGIKTAEKEREC
WS BERMEIZDOWTHRIEL . 8, 72754 TkLT7XY
FTHINSDEERERZNIESME ITRBREEE Z 250
HETH D Z L %A L 7z [Hara 2015a][Hara 2015b).

H2HITRARIZ K DI, 72T TRV TRy FTRINT T+
7 A & 0 BAKIZ 5 2 2 FRBRIE & RS R R S T 4 — R
Ny 7 INBRIEERE E R IBET BN TES. 22T
TIT 147N 7 2y FHRIBEBEERPSDIET + — Ky
U ERRk2 BT E D RHL ERZ T 72868, 2y v 7H)
FEIZBWT Xy FREITONDGEICHE T+ — Ry o
ORI T B EINE L, FITFHZTbN B GEITIEH
FITDZ L &R L 7 [Hara 2015a). £7z, {TEIEAREE

(a) 3T MRI scanner

(b) 7T MRI scanner

3: 3T and 7T MRI environments (MAGNETOM Trio
3T and MAGNETOM 7T, Siemens)

DEBIZOWT DR BT > THE D, FTEEAREDOBEINI A
R DEERE TR D Z L ZHH 55T U7z [Hara 2015b]. &
521, 7771478V T7 Ry FEAWSZ L TREFIERICI
NRTRHI 2B 5| &ERITIENTELZ L R2EIF L.

3.2 Full Body Illusion FfZA~ DG

Full Body Illusion (FBI) I&, HEyEEOMESEE ICEE %
FoB#H T UK LiRE S N B R EEBARER (out of body ex-
perience) 2 ETHELUZBEKERTH S, —HINIZIL,
3ifi [Lenggenhager 2007] & %\ 3 EEA] [Ehrsson 2007] 125
LIRS INFIT, BB WVIFHTH P Sl L-HEDEK%E
~Ny RY7 v bTF4 ATV A4 (HMD) %2/t UCHRL, &
XM 7 LIk & TRl R 5 2 TRl SR Z 7. filufiligo
BTN & EBIZHIRICE R SN Al D X1 I v 7% R
¥ 2L, HMD AOHAESERIZBWTH IR Y, &5
WWIRHOMEBERRSH AN N 7 b T3 2 eaflitiahT
W5, ZNETOMETIE, T7/T472NVT Xy FHHER 2
HEEOEBMH 77y b7+ —L%25F L, MEMLIOMZESIN
HIZ FBI 2KBRE ¥ 5 Z 2T L T3 [Hara 2014).

F7z, BFBUAEERHAT 7Y M7+ —LIZI3BERE—X®
HEXNE YR EEHVTE Y, MRIISDFKE 2> T
W5, A4 A (B—=¥%¥>X) ® Centre Hospitalier Universi-
taire Vaudois (CHUV) % Center for Biomed-ical Imaging
(CIBM) &3 MRI iz T, 77> kA& Echo Planar Im-
ing &\ T MRI MIS5EER (BREhFEER* / 1 X3kl &) %
fFo724E8, 3T R 7T L Vo EmiGEE (K3) THH%
UEBA T 9y 74— L& BHTELZ L 2R Lz, Z
OEBRMTF v b 74 —0I%, BUE, A1 ABLTRIKRED—
YU ZBRITBEWT, FBI & itae - [iEE & OBfRE ] S
129 AL, IMRI & W SRR THEA T T W 5.

3.3 Feeling of Precense i~ D

HE B NVERTHPHIIE LIV D WS AR, 37k
b Feeling of Presence (FoP) 1&—fAIZ A J7)L b BIR XM
WHROHFHL L THbNDE. ULhrLAEMNS, Z O KR
BRI EER OB ETLIE LGS, fEHCZBV
THREMI - FERRCBRACRETIEIHRE SN Z L5 5.
Bz, ZiIZ D Reinhold Messner D3RG ADSE N, FHEE D
WH LBERE T Y I VIURE FILLTWBRIZ, ELN—
T 1 UADE =2 (third man) DFEEELZE VI DITAE
#7255 TH B [Geiger 2009]. L72H3-T, FoP IikkRE X
HBSHEICBE D 2 BRTH D LEZS5ND D, FoP D LS4
AN Z AL THERIND DT FE ZIMECIXEAI N THRW,

FoP DXARR J = X L% fFIAT 27912, £3 MRI 2 AW
THRFNRIEZ RS DD FoP 2T % BH TINOEE
Mrafrd Zeholhdrz. BEEMTORER, FoP 2#®ET 5
B, MIBETETENR S (temporoparietal cortex) & 5E
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4: Robotically induced FoP in healthy people

(insular) , RFIZATEEEETER S (frontparietal cortex) Iz,

7B FAMERRRC R E B 22 &2 B B AL hiﬁb
5 Z & %l U7z [Blanke 2014]. ZOHIE D5, 7 7747
LILT7 Ry FEAMALTINS DBHEIZFE 25 EHIEIZ,
FoP % ERRINZEEZFIZEARBRILD I LN TEDLF AT
TIT, HERUEERA T 7y N7 A —LEBAVT, H
FBNB AIMZHED FIRNZEMTY AR TN AERTHIZ

L—7FNA 2 %512 a%bf,ﬁﬁbivh%ﬂﬁ%ﬁ%
U7ZREECHEDOEHIZR LT T 274 7RV T Ry F217h
WREBEFEMLZ (K4). MR YAXRTNA AL AL —
TFNA ZREIAL TEH K BEITIZ L 7 X v FOREE I HL
Xh, —f, AL—7FN1 20FHEE 500 I VESES
& FoP e ¥ N5 & 51272572 [Blanke 2014]. 7z, M
WM OERTITHEDFERVWERITH I ICEBL 5T, %S
MFEZEET2 A, BATA ADKEZEUZEMELTH
0, FIZIRZ OFW R R L CEBROT IR R LTS

bWz, ZOWEIZ & D, FoP A HEMERH0 K EE) & 5
KELOVDRDHBI L ERBL .
4. &

ARETIX, TTH2T 427 AL\ 3H UWFERE R EF Iz D
WTHRAR, 77T 1 TN T Ry F e\ D TEEMEIGH L
AR RBIRE XS B8 72 2 ik % O 2 Bl D Bl R
WOWTHAMA Uz, BIE, I35 1 7 AT T 25008
R OB OZEEIZEIC EIRAELP N TN D DS, FEEUOET O
MR, EMHEEREE R Y e Wo e T I
MNHABETH Y, SBRISITHBR - BERLTWDBDLEEZS.
Ero, ATXT 1 AR TROND & N OHRRE - GRS
BIZEbH 2R, BBz gEE T8 LW
TV =2 a VOERICTEATE 2 REELVH D, FRIIZ
QOL (quolity of life) DM EIZDRA2EDLMPFTE 3.

5. SiEE

ARRRGEE, FRNATEOEN H AL IR B B 2 A 58 B ST
(B) (23700246) 7= 5 ONZHETMIE (A) (26700027) D8
EZIITIHbN-EDTH D, ZZIUEHOEERT.
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