EVESHERE AERUVILEEERR

Research and Legislative Reference Bureau

National Diet Library

g | LAYy A F =T ==X (BMD O & [EE
Title j\ﬁ{f
fih =zE:a0g | Prospected Use of Brain-Machine Interface (BMI) in Armed
Title in other language Conflicts in the Future and International Humanitarian Law
w ) i | B T4 (HIYAMA Chifuyu) / [ 372 22 BB A KON
Author(s) | JEEEFEE AR PEHAE
=
MERE L7 7 L > A (The Reference)
Journal
W R R OISR
BT mr e
Publisher
B | 597
Number
FATH | 9025.09-20
Issue Date
STV 5166
Pages
ISSN 0034-2912
AXDEE HARGE (Japanese)
Language
BMI OEEE WFZEBHF O E M 2B L7 LT, BMI DHEH
i | SIS ISR R R BT, R R RSB

Abstract

TBMIDMER SN XITELD EEZ ONDEBRA
DORE % KFT 5,

JIERES

ZOFREHE, HELUNHEB ARV T, EBEE#ICR DA
\ ?ﬁﬁ%@ﬁﬂ%ﬁ (DWHEE) HEOBLEND DFEELRI-HDTT,
(e oY%l

Bl K U“Eﬁﬁ‘
* AP OER

v LR DAL, %

Gy, R O AR RAE T,

HEIEXEEE

’ ‘ National Diet Library, Japan




TVULAY IV A7 —Tx2—A (BMI) OfEH & EES A\ E D

L EREE AR OVRE AR
T AP E Ml T4

Z LI

I T4y =RV v AV —T2—ADOBE

1 LAy =¥y -A4ry¥—7x2—A (BMI) &l
2 BMI O F 2 Hiffy

3 BMI DHFERFE D F7 Rtk

4 BMI OEFEIZ BT 56 H O] fEME

I HMEXN2 BMI O & BN E

1 BMI 29 5 ooy« kB E & 8O T
2 WEOTFE RO HEE LT BMI Offif & 2oL
M BMIZfiH L CwaEkE I X 28 IE5E

1 ERFIUIEO FBIR M~ BMI i 0528

2 FEOEMT
Bbbic

F—J—F: T,y A —T7x2—A BMI)., FTLAv-av¥a—%-f4¥F—
7x—A (BCD. EFSAEDE 194948 H 12 HO Y 2 % — TS O ERRI 2 %5
SO B OREICET A8 EE GB—Binge) . BB SERHPNICE 3 50—
~ HE

[ 7 2 P AR A S OV AR L77L YA 897 7% 20259 51



TULA Yy Yy A —T7x—A (BMI) Ol & EEAEE

J

O TRy 4V —=Tz—A BMI) k. LAy -aryEa—-% -4 F—
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AOHMIE, 7VA4 Y <Y - 4% —7x—A (brain-machine interface: BMI) 2SEIB
BRI BOTHH SN DEEIEL S TH A ) EBRAEE EORSIZOWTH ST
LT EIZH A,

BMI X, 7L A Y- -a3r¥a2—% -4 %7 xz—A (brain-computer interface: BCI) 72 & &
LN, AMOMENBORSREZFHRT S TT7y M7+ —LTHH, FRMIIZ. ARORK
R4 R L O TORF ORI S FEIC R 2 L A SN TSV, BMI OFFZERF L
K, WEOHEHEL ) NEY) L s ERESTFTORHAZTLE LTEDONTE TS LS
520 NRIIIZERGE OIS ER, KROWYTIZ, BLABMI 28 U TEHOMK
AEZHIET S, T2, BHEPELOREZE=F — L, LS ERARHE I0%E X
NWEHEBE OGP LT ORICEERLESON S, Lol W RICARLEEZLNTWS, &
9 L7z BMI O IZ. RITHFITBT 2 85F O BFHZE D H 2 8 O FB L O i 2 Bl L
BHAE 2T S22 HME T AEBABEICEL LT LD XIS NG TH A 9 0%

AF Tl BAEO BMI OBEE, AFZERZE DI OWTEB L 727, RIHF B L TF
FHIZHE S D BMI O I2DW T, BMI %375 L T A MREI HANE 2N 5 A, 24
FOWB EPEBAEEGER L2HEOBMEORED %, EBAERICES LTE LS S0m
FIZDOWTHERS,

-

I T4 -T2 - A23—T71—ADBE

1 Ty %o A428=71—Z BMI) &l

(1) TLA> - 32> - A28—T7 11— ZADEHH

TLA YRV A —=Tx2—A BMD &, TbA Y- -arEa—¥ - F—Tx—
A (BC)y =2—F )+ A % —7x—A (neural interface). ¥4 L7 - =a—F -1~
% — 7 = — A (direct neural interface). ¥4 ¥ K-~ ¥+ 4 % —7 x—A (mind-machine
interface) SF& SIS N, WO T HETEHAMY . T i VTR ZHIE L, SE)ihe
RIAI 27— aREEHM LAY, Ao e OMEEHZXE L) THEETDH
5%, EORKRMN BRI AT, WMOBEE2LELZD Y —, BEETNVITY XLITEWRT
Har¥a—%, HRBEEZFIHTLIIVEL—F LW REZPSE LY, BMILIZ X 5 M

*ARCBT S 5 — %y MEROBRKET 72 AR, 202547 H 31 HTH %,

(1) Nicolas G. Evans, The ethics of neuroscience and national security, New York and Abingdon: Routledge, 2021, p.55.

(2)  IST (Bh- Pt I BUBAE ) i 78 5 S8 ik & > & — [tk aE O B 126D (OB HBAN (T VA ¥ 7 v 7 /= a—
07y 7)) OWNZERE O & 2] CRDS-FY2024-XR-01, 2024.9, pp.17-19. <https://www.jst.go.jp/crds/pdf/2024/
XR/CRDS-FY2024-XR-01.pdf>

(3) Lingyun Zhao et al., “Corticography and human intracranial neurophysiology,” Encyclopedia of the human brain, 2nd ed.,
Elsevier, 2025, v.5, p.10; Laura Victoria Garcia and David E. Winickoff, “Brain-computer interfaces and the governance
system: upstream approaches,” OECD Science, Technology and Industry Working Papers, 2022/01, p.10. <https://www.oecd.
org/content/dam/oecd/en/publications/reports/2022/04/brain-computer-interfaces-and-the-governance-system
a8c5d63¢/18d86753-en.pdf>

(4)  Garcia and Winickoff, ibid., p.10.
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(Hiil) Krishna V. Shenoy and Byron M. Yu, “Brain-Machine Interfaces,” Eric R. Kandel et al., eds., Principles of neural
science, 6th ed., New York: McGraw Hill, 2021, p.955 12220 X &EH1EK

(2) (EEDOREHZE  RENIIEREN D

BMI I X 255 QS BEEZMOKTREEONTICEE S 2REN 2 HE
YW —RPHRBICEAE L) HEA PO A M L7220 32 RE L HEICH T 52 LT
&5,

REEY 22 0 E, A ALRR I I S & % 720, JEREEN 2 i E R T LY IERE
ZefH S RE - R TRRE DR S N B DS ARSI EE L 2 1) AR IRGE LR SIS, JAE
RIG &V 72RENZR Y A7, BEABEMETBELTLE) L Va2 A7 3H b, ThHIC
it LTI 22 L. SBFRANICEED U 2 213w L L, BHEFSVDIE T 4 VY —
ELTEL DI ONLETAEL, 7T—=F 7727 b (VA4 RX) OELEZITRTVHER
HhHo DL, BTONEHEORELIAZ I I L—FF 70MBRICH L7, fRREE
DR 5OE. HAWICEENZ BMI TH Y. BAORBEHEMZFH L CHBEFMNZ LT L
FTIHMOBD THENE CAICEMEIFATLHETHL®,

(5) Chang S. Nam et al., “Brain-computer interface: an emerging interaction technology,” idem, eds., Brain-computer
interfaces handbook: technological and theoretical advances, Boca Raton: CRC Press, 2018, pp.12-15.

(6) Garcia and Winickoff, op.cit.(3), p.10; ibid., p.15

(7) Janis Peksa and Dmytro Mamchur, “State-of-the-art on brain-computer interface technology,” Sensors, 23(13), 6001,
2023.7, pp.6-8; Anika Binnendijk et al., Brain-computer interfaces: U.S. military applications and implications, RAND
Corporation, 2020, pp.7-8, 11. <https://www.rand.org/content/dam/rand/pubs/research_reports/RR2900/RR2996/RAND
RR2996.pdf>; Analysis and Research Team, Council of the European Union General Secretariat, Research paper: from vision
to reality: promises and risks of brain-computer interfaces, European Union, 2024, pp.4-5. <https://www.consilium.europa.
eu/media/fth4fw3fn/art braincomputerinterfaces 2024 web.pdf>

(8)  Analysis and Research Team, ibid., p.4.
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DOFZ X > THEINS,

BRI 2 5110 BMLIE, a2 FET L2 AR L umi L2 3572012, hirba
YEa—=Z AT CTEEIT A (K)o BMIWZE 72, 2y Ea— 252y cbEs L. H
B EO TRAMAME RIS 25, =a—a > (Bl Z2/8» 0022812k,
ATHED X ) I20bn 2 &ERNZEE S S5 D00, IEHBiiEE (DBS) O X 525K
BOERICHCONE30bH 5%, WHEHBMIIZ, ShHOEEZRA LD DT, Mk
W2 LSk LoD WIFICHIMZ 5252 L5 TE, YT NME A4 2O DY) ASufhE L % 5 19,

(4) EREOEM L DRER

BMI (&, fiHZE O L OBIFRIC X > TREENY (active) . BUBIY (reactive) . 2B (passive)
ERHINDETELH D, MREINBMI X, HEVSERNICET 2NESZIGFT 5D DT,
BOS ) BMIEAER 2> & ORI U CTREHE D E#R T 5 L 0 A UTHA UGS 5 BIZH
TAETEIIFT 5. BN BMI X & ORRRLIEEOREZFHIT5 D TH 5L,

2 BMI OELHEi
BMI DELEMELTIE, UTOLA%Rb0nBFons (F1~3),

®1 FFREMNEEEMOB

EEG (Bpdkrtdkik) HEIREE T IRICHA DL ENTHEBOBHBZETICHEEL, —2—0 Y
HWIAy =V 2Rk bBICELLEKAETEI ) EEG 3B ORI
BIVKI A N TH DA, WEZOHEEICICET 2 SO ZRHERIZS O
Wiz, WAOERDGA % EMICFIET 5 2 L IdHEEE b,

MEG  (lxf[X) HIRIC K - THRAET LY 29 2 &L TREE 2 ilstd 5. EEG & 0
MEVAL BF R E A F v 7 — DD 7RETLEEIZ L TV 2 LD D
%o

fMRI (BERERIRESIEBIE(RIE) | AN OMROZAL 2 W L, T & M2 S MG B 2 0 L. =gE
DOWGZRM S 5. BEF IR THEAMIZ A F v F—OHITHZD 5 LENDH
%o

fNIRS (BERERVIL AR OGIE) | MR AL S M7 & BERRFEAL S N7l TIROE 2 WIS 2 L IZE VA D B
e MM L. BB AR 2 BT LA B 2 Mt 5 4o

(M) The Royal Society, iHuman: blurring lines between mind and machine, 2019.9, p.32. <https://royalsociety.org/-/media/
policy/projects/ihuman/report-neural-interfaces.pdf>; Chang S. Nam et al., “Brain-computer interface: an emerging
interaction technology,” idem, eds., Brain-computer interfaces handbook: technological and theoretical advances, Boca
Raton: CRC Press, 2018, pp.16-19; Nick F. Ramsey, “Human brain function and brain-computer interfaces,” Nick F. Ramsey
and José del R. Millan, eds., Handbook of clinical neurology, v.168 (3rd series), 2020, pp.1-9; 93 = v ¥ 2 -P-N- 7%
(VS ) [HEREIrSOTVLA Y - avEa—% - 4 V¥ —7x2—X] JUEAE, 2024, (5#%4: Rajesh PN. Rao,
Brain-computer interfacing: an introduction, New York: Cambridge University Press, 2013.) 2250 X &5 1EK

(9) Krishna V. Shenoy and Byron M. Yu, “Brain-machine interfaces,” Eric R. Kandel et al., eds., Principles of neural science,
6th ed., NewYork: McGraw Hill, 2021, pp.971-972.

(10)  ibid.

(1) Laurens R. Krol et al., “Passive brain-computer interfaces,” Nam et al., eds., op.cit.(5), pp.70-71; Jan B. F. van Erp, “Brain-
computer interfaces and haptics: a literature review,” ibid., pp.255-256; FHAHEMIREAEREMIZE PRk > ¥ — [9 4
THA LA - RIRES B —WESE BT O WA — 2021 4] CRDS-FY2020-FR-04, 2021, p.655.
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ECoG (7 2 Wik it 4 Wi o> % T I R SN2 EBmT LA 2 T, KRINEE 2 S oBRIGE)
ZEEET 5o
WA >~ 75~ b XD R B BARA D AT L, BHOIMINCH BB IE T2 EET b
A5 v ha—F ﬁT TNV aEN L THMINCEBAN W2 AT v P 2R IcEA L, M5
BEIZHIL 4 C B N7-EMZE U CTNMOWEE 2 5il8k 3 5. MoREN L GPE
%&D%ﬁ%ﬁ@%%ﬁ&wo

(ML) The Royal Society, iHuman: blurring lines between mind and machine, 2019.9, p.30. <https://royalsociety.org/-/media/
policy/projects/ihuman/report-neural-interfaces.pdf>; Chang S. Nam et al., “Brain-computer interface: an emerging
interaction technology,” idem, eds., Brain-computer interfaces handbook: technological and theoretical advances, Boca
Raton: CRC Press, 2018, pp.21-22; Nick F. Ramsey, “Human brain function and brain-computer interfaces,” Nick F. Ramsey
and José del R. Millan, eds., Handbook of clinical neurology, v.168 (3rd series), 2020, pp.1-9; 73 = v ¥ 2 - P+ N+ 7%
(MR [EErSDTLA4 Y av¥a—% - 4 v & —7x—A] LEA, 2024. (54 Rajesh PN. Rao,
Brain-computer interfacing: an introduction, New York: Cambridge University Press, 2013.) (2350 X G2 /ER

X3 REMRHKXITOBH

ANTNE MBI X > THOA TN AEIC LD BES S B OB A
25 2550T, RAEEPIA Z7ICL ) EEZRMLCEREFICEHBL,
COBLKGTRMEOROL YT 5 Y M EEU THARICEL SN IS X
b e LCRIkENE M,

DBS (i kA o) W D VRER I A A A Ly BN 2 & ICHLD A A ZERE 2 5 A SV A & ik
DHIMT 5D DT, N=F 2V UIRSOBRBEL LTHV SRS T,

(FED TATHHEIZODWT] HAH BIRERESHARES Y = 7% 4 b <https://www.jibika.or.jp/modules/
hearingloss/index.php?content id=3>

G 2) [ EoR: (DBS) ] HAGENL - MBI 22 = 79 A I <https://jssfn.org/patient/treatment/dbs.htm!>

(Hi82) The Royal Society, iHuman: blurring lines between mind and machine, 2019.9, p.31. <https://royalsociety.org/~/media/
policy/projects/ihuman/report-neural-interfaces.pdf> 1230 & FEH/ER,

3 BMI DIEREEDFH M

BMI (&, EHESEIZBUT ZI0HZ F0IS, REOHEER ) NE ) LRICH W 2 720 OF5E
BREPED SN TS, BMIZMIHLTO Ry FEBZHELZD. B UADIEREE &
HRA 2= BEL72DTED L) > TEBY W, KRERE 0)74~F/<77%FI
REE T HMEDHED LN T VB W, T Lz ol iud, i3 OB E R B
B2 . JHTEEZ 8@ U CTREGEAOIER 2 RiEL KT 5%, fHEOR Dz L3¢
550 R EERTHEEEb IR I Tn L1,

12 [PUBRRHE S & O T LB AL SR L TV 2 2RI R L TV 2 K8 L E# S %o Kenneth Maiese [P L
AOREMERE] 20225 MSDY =27 V707 2y ¥ aF VY = 7% A4 b <https://www.msdmanuals.com/ja-jp/
professional/07- R R / FlER L O EHEE / B UIADRERERE 2query= B UIADREMBERE>

(13  Shenoy and Yu, op.cit.(9), pp.965-967.

(14)  ibid., pp.967-968; Christopher Hughes et al., “Bidirectional brain-computer interfaces,” Nick F. Ramsey and José del R.
Millan, eds., Handbook of clinical neurology, v.168 (3rd series), 2020, pp.163-181; Sharlene N. Flesher et al., “A brain-
computer interface that evokes tactile sensations improves robotic arm control,” Science, 372(6544), 2021.5.21, pp.831-836;
Natasha Padfield et al., “A comprehensive review of endogenous EEG-based BCIs for dynamic device control,” Sensors,
22(15), 5802, 2022.8, pp.1-2; Sliman J. Bensmaia et al., “Restoration of sensory information via bionic hands,” Nature
biomedical engineering, vol.7, 2023, pp.443-455; Analysis and Research Team, op.cit.(7), p.8.

(15 Garcia and Winickoff, op.cit(3), p.10; Analysis and Research Team, ibid., p.5. Z 9 L7z O EHE CTOMIERFER D

W29 BB 72 IS D W T3] 213, Charles N. Munyon, “Neuroethics of non-primary brain computer interface:
focus on potential military applications,” Frontiers in neuroscience, vol.12, 2018.10, p.2. <https://www.frontiersin.org/
journals/neuroscience/articles/10.3389/fnins.2018.00696/full>; Jonathan Moreno et al., “The ethics of Al-assisted warfighter
enhancement research and experimentation; historical perspectives and ethical challenges,” Frontiers in big data, 2022.9,
pp-5-8. <https://www.frontiersin.org/journals/big-data/articles/10.3389/fdata.2022.978734/full>
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4 BMIDEEBESFICHTBICADFEE

BMI DHEHFGFEIZ BT ZIGHIZOW TR, HERKENZB W T, BB o)) otk Bl
REDOTEFEX HI L LIMRANOEED I TDN TV L) 19, Zhooiffidkke LT
BRI H > TEHLANVITILHEL TRV E ENb, LA LIFRMIZIE, BMIIZX - T
AERHEFHE TR Y b, $AN—I AT LE~NO I FEWPOSERE T VT v VTES
IIHY, WRDA VI —T 2 —APIA U TEIZL DA 0Ty PHAUETH-T2Z L L
NT, L DH, X DRFEMICHEARELHIET LI EAMMRRICEZ LEALNTNRS 7,

E 51 BMI OSSR 3 UL, MR S OfE 5 2 IR ISR ARRICA 7y T
52 EHMERICR D, EHEORNEHEOEN 2 &, oW 2% LEkE o2 Mo X
RIEERMR 72D THIENTEDL I END LAV E SN, /2, BMI OfiH
WEoT ANHOERREDESRIEMHE S BEHRO 70— 1288352 & THEL, Al & Ox}
Wi XD ERHTIT) 2EAITER LD D, AP AIZEE T2 LICFRVDEEZD
NTw5", BMI # 3 2 Z LB RIERISTICT A 7REIND L L BICIHREEDS
DIRVELOMICHEELESNL L H 1% )@, HHEFIIELORMR kLY TV 4 A TE
=y —LELoRELZEE L CREERETEY, BLiX, S TOIIa=Fr—Ta sy
L=V EMOBERR )TN IA LDERET—F B IMEZHL I ENMEEICR L EDALNT
W52, 29 L-HMOHIZIE, 2040 SFEIIZFEH W REL KEIET L5 00H 5 L FlIE L
«Cb\%m)O

(16) Garcia and Winickoff, ibid., p.12; Elsa B. Kania, “Minds at war: China’s pursuit of military advantage through cognitive
science and biotechnology,” PRISM, 8(3), 2019, pp.84, 86-89; /NMfH— [T L A4 V7 v 7 OBB—Hix 727 /0 —
DR TR, 2021, pp.175-177; WEE KRR [RHAHA O FFFH— A THRRILS, L hombtis, AME%E
BRoEIEE M) —] FILAL, 2023, pp.117-120; HREM DHESAOERWA (727 V21— 2) ZiEod 5 |
[HEi] 678 5, 2023.12, pp.12-14.

(17 Anna M. Gielas, “Soldier enhancement through brain-computer interfaces: the risks of changing the human condition,” The
RUSI journal, 170(1), 2025, p.38. HAR® [FhifrHaliigst 2023] 2B WTd [BREOAM, HEZRE LoD, BREL
NOMBER 2 E S BT 28 AL, BHEAL] O TBMIICER SN T2, Bifdd [Bifiidiiast 20231 20235,
p.27. <https://www.mod.go.jp/atla/guideline2023/assets/pdf/technology guideline2023 ja.pdf> HAMFIY 2 FEIZ DWW Tid Al
Z 1. Dov Greenbaum, “Enhancing the warfighter: ethical, legal, and strategic implications of brain-machine interface-
enabled military exoskeletons,” 4JOB Neuroscience, 2025.7, p.12. <https://doi.org/10.1080/21507740.2025.2530952>

(18 Federico Mantellassi, “In focus: The challenges of neurotechnology,” 2022.4.11. Geneva Centre for Security Policy website
<https://www.gcsp.ch/news/focus-challenges-neurotechnology>; Margaret Kosal and Joy Putney, “Neurotechnology and
international security: predicting commercial and military adoption of brain-computer interfaces (BCIs) in the United States
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