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Study on BMI operation GUI for more flexible control of autonomous wheelchairs
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Brain-computer interface (BCl) or brain-machine interface (BMI) can decode
our brain signals into control commands for, e.g., electric wheelchair. Previous BMI application
studies focused only on a specific device. To be more practical, it will be preferable if the BMI
could control autonomous wheelchair in addition to the varieties of devices that are located near
the user. This study developed a BMI system that can control autonomous wheelchair by designating
goal of a 2D map. In addition, household appliances near the user is automatically installed to the
BMI by pairing with ESP32 via Bluetooth. 1 successfully controlled the BMI so that the autonomous
wheelchair moved to a next room, and successfully turned a desk light on via the BMI simultaneously.

Furthermore, appending and removing household appliances to the BMI stimulator does not influence
the accuracy of the BMI, keeping almost 100% classification accuracy.

P300 Brain-computer interface Brain-machine interface



B X F—19—-2
1. FRAREDOER

B CHWT R P OMER A HET S Z E A FREE T AN T LA e e A X T 2
Z(BMD & MEE S [1]. BMI 2 W5 SRR AR A B 72 N2 CHEWT 2 #liE L CBEI§ 25 =
LR ENRRREL 72 BT, AEOE O EICEBNT 5.

ZIET BMI 2 W T A REEER ORI A DN TE 2. flxiX, EFhEVT [2], A~
—hA—2a [3], Fe—r 4], Z7—2 [6l72L% BMI ICLVHIE L-®MERHD. Ll
FNHIFFO OO AR EFIET D Z LI L= b DO Th 72, 3725 BMI BEMEiE
LA BRI R 28— 66t & 72 o 7 Bl 22 BMI #/ERi [ & 72 - T =, BMI O£t a2 % 2
B &R OS ! ELT@@@% SEREWNSIT A ENTELONRLEE L. B —HFDft

W23 DEBCNIHEEI ORI I TSN 27217 T BMI IS K VHIFEFTRE & 72 B 1E 9 MEFE LU,
DX H7: BMILIZ iBMH%Wﬁﬁk% ﬂﬁmn#—ﬁ RS TIEZ2 W BMI 2% 2 7213 UL
RBRWVWR, EOLIRBENELLTHA S ).

F9, EONTOBINEAT M5 ANBEEZKSTHERZH L. ZNETORTIEEWNTE
DT ORI E L S BIRT DIMLE N HoT-. T2, POLH>RVL AT U N TEREEZIBINT S
DOBRENTHAI 0. FEPIVEBELIBINTEDLHIR VAT I RBHEOTIE W EEZ
5. ILIZBMILZEET DT T 7 4 va—H A &7 = — A(GUDD IR & Rl 72 5 23,
ZAUZ XD BMI ~DOEIIE DRRETH A 5 D).

2. FROBEM

AMETIIBEETENT &, HEOFELHIFEIFTEEZ: BMI > A7 A% T 5. I HIZ=
2—F N3y N —27 ZHWTZEO BMI ORilte sl 2 £k 35, ZnbEHNWTLLTO
CEERALMNITHIEAENE LT

(1) WEEZANTHERETENT L, HEOFELZHIETL Z L IXARETH I . £-ED

FEE P[] 2 B4 % 200,

(2) MECHLFEEICLY GUIAED LD, LU XY BMI OBEEILE D X 5 (TR
ERAYA

(3) MECHLIFELZMEIILAT Y T DHECL YV 2—FRT A 2 Z/ROTFLHET

DERFHIC E 0)&;%2@‘?“6 DA

3. HRDAE

3.1 BMIYRTLOHE (451]
AR CTEE LY AT L2 1 1ORT. A

VAT ATEEBH T EMC270(5 Il ik A 48 B TEWT D

fn, s3> ay, <A 2 (Raspberry Pi4 Model BEkEREL,

B2GB), v~ a2 HEASALM NNy T Y —, 2F Z7%T

fir R o —LiDAR(YDLiDAR X2), Ji#qf BEETCES,

Polymate Mini AP108 (X = ¥£Aff) 226 ik5.

b & LT GoPro HERO9 Black % Ht Y {7 R .

BB ORI A TR LT, $72, XY 3 b B et
V1t WiFi CHsg L7-. L -
= WARL T EHML, Zhok

3. 2 Bf#EITELVTEROS, SLAM - RETHIETE 3.

HAETHEWIIZEMN L7~ A =212 Robot
Operating System (ROS) % #5 # L 7= (ROS 1. BAR LIV AT A &2 DR
Melodic). ROS ZH\5% & &bt ¥ %
AWnWTHXEERLAEALBACMNELEHTET D
Simultaneous Localization and Mapping (SLAM)<>, H
FEH S F T HEEST S ¥ 5 Navigation Stack 723 FLEFIE
FIZFHTE 5.

3. 3 ESP32 ZRALV-ERBEREFHB AT LA

BFEEIZH 21RT L HICESP32 I L v L. &
Mm% AC 7 ﬁww/W7%%mﬁJV~ B I M
FEIZ Uiz, ESP32 IZIZFEDL4RITRC, FIFHTX 2%%E
ﬁﬁﬁ%yﬁﬁ@%i,%%%rﬁﬁﬁuahw R RAT
L, BluetoothiZl WV ~A arBNEETEALHI1Z LTz,
F77, FERRIC~A a6 045 % Bluetooth 2> 5H3%E
L, FEZEHECTESX 5T

3. 4 RE P300 BMI 2. ESP32(2k%
4 10> BMI Ofl#ENZ I3 T P300 BMI [6]2 H 7. = R
O BMIEE LIS 57 A 2o o # AMo—WEgz EREERE 2T A0p

{6925 &9 BB E 22— FICERT D, O, 21—



PIIATILTZWT A 2 BB LB DO T 2 5. Z 0/, P300 & LT 2 ML -
FREEEMNAEINLD DT, P300 & el 2 MK E CHHAI L, /XY a2 T 5 ALF - BF

B 2 L TRl A S ICH A R D

3.5 REERREM
2—HFOE<ITHHFEEITAABEITHEND
THEE DO~ 1 =212 Bluetooth ¥ ST
R &, K 3R T HEAIRIRT 5 GUI T
BIMEND. 2D GULIZ 9 DDEFTD D HD
— AN A~ A Y =0T X LRNEFTH
W5, 22—V @R LEFED EICA~A
U—2HB L5000 TEEEz 5. F0
BRICAE U MiRIC L 0 REBAEIRT 5.
FEOLAT U MIZBENRELEZT
K~—27 < v 7(LAMA) [7]% W CTHEED
BN ELT 2020 A5 Ko, o
EERLOEZPRICHT LOICLAT U b
THEIIC L. ek, FENEF 9L
ThAHEE LI, 1 OORCEROFEN
EY L TOHENDZENHD. BEOFEEIM

X3 M CHEEEZERT 5720 GUI

WCBIRINTZGEE, TOHNE 192 BSIEAHVIKLT1 DE2BINT D HNE Lz F
7o, FZE1OEBIRLEEEEIE, TOFEOKEL RIRT 2 WHICBEIT 5. FEOKEEN IR
ENTHE, N arhb~A U NTFERBEE SN, A 2 3FNEZ T TSR RIEG S %
FEEICED. B, HOTE2 8 HAD S bLO—o%EE LT 2 [ HmisE R 1Z5FED
—fEE LT [HWI ()] & GULIZER R LT

3. 6 BEETELT OH KhIEE A= HE

P300 BMIiZKIS DL DT 1 DTHOT A a8 S/ D FIEDIED, 1T2&, P LT A
AL EBERDLFERH D, ZOHEIT P300 BMI O PEAHTEL b FETHHN

[6], EAVUZFEREZEID 24THZ & T2,
M EDONEEIEET D ENAREE 2D, &
DN 5% BRI E L M. FHH D IEE
TR T T ANRY — A~ 2% B E
FREFmEESFXZHA L BMI I2LD
HIET D Z LIk Lz [8]. Z R, A
H e AR E T o 7o
FHEIIZOFEEZSHICRBSYE, HEANL
& A il & LT AR EERE 2 5X5 ATHINZ 03]
L7z 2 o2 o B & §5 €9 2 Mt
JEAE R E AR E L, FELE, R
AT A TIEERIC SLAM &V CHiX %
ERT 5. BMI CHERINEEC TH T (M
X)) Z@IRT 25 & AREZE BT 5 BHEH
BEFXOBHEETHENTHIEN TX 5
GUI 1281 s (M4). BRHIZK D
TEWEFICHBT A~ A Y — %2 LOH
TEATBEO MW 2 T35 Z L1k
HH A AT+ 5. BMI CTASENZHEY
Hx, XY armnb—Ev A 3 TkE S
., ~A =M Navigation Stack (Z H 1
AL, T REEY) & R L7208 5
HrolhE CHAGEITT . ek, BAEEST
Hd BMLIZ KD FEHENTE 5.

3.7 ¥F—470—

BB LIV AT LADOTF—42 7u—%K
50 0F &b, FTHABETHENTHEIRO
~ A =1 Raspberry Pi 73 ESP32 &0V BtV
L, FEBHREZWD LD, RiT~vA =2
& BMI il XY 2 me0 D L,
EEEOERE LD, TOERED LI
F RIS B S E 7 2 8 2 v 6E

X4 M THBMAZ AT 57200 GUI

BEETEWT LDV RT A
B - HERE «
DIERE -
1"'!!&!' L "IIIIEI'
Hay B
P ErS R
BIRBERFRTR l (BH)
(B#%)
FAHAES (B i
_—

‘—
i (Bluetooth)

VAT LGS

2RE BRI & BHEHS
(WiFi)

ROS SLAM KB4 - e -

RHET BRG] e | RESOTR [ T
| SREOIMHE REHE REHIE
(Bluetooth)

‘i‘ Raspberry Pi ’ ey (ESP32 3

(REZLICHE)

X5 BIRLEVATLADTFT—F 70—



9% GUI 2% L, Wi 2 P300 BMI O DERRBEZ 1T 9 72O ORI &2 2R 5. #BRE 1D
HEZE L CHHEOEREERI L, T OO &2 MG CRisk L, 155408 - B8 & it
LT B D AT ZHEE L, IS K 2 HIEG S 25 ET 5. ZOHMITH N~ A 2~ (8
2B, BEETHEWTOFZEREICHW LS.

3. 8 FHMEAE

B 2 W CHEAEETENT &, (FIOFEEFET L Z LIZFETH A0 EMRAET 5729,
ZOVATLAERHWCE FTPOHEERICAY, Lo EIZHDE T4 e iS8558 To 2
(BeBRE 1 4).

T2, RV AT DITHERTIC GUI DNED D, ZHUZ XY BMI OiBIEEN ED X H Ik
DOLNEWHOLNCT DO DEREITo 7. FHiD 72O FKEA 16 FifH %2 GULIZNEEIZ I ~7- 5
T ERIOStE) L, T DI _T=40E @) 2B Lz, £, BRI RITIEOEN
T 5729, #EkD P300 BMI THWOLNZRKEO LT R AEICE D DRI (KBS
L, BXTFOAYA Y —%FO BIZHET 50 (A~A4 UV —50F) ZHEL, #HE 4412
X UTT o2 LRIEF CEREIT 72, RO RE SREZEIES5EIE LT

FEEBEIILAT U MTDFECI D 2—RNT A a2 /o5 E TORMICEDRE
WS LNERIE LT, —RICFEEE BMI TANTHLEY b~ A TEBELBIRNT 21350
WZ EMD, FEEYTATRINT S E TORFRZEELEL Lz, KERTIIFEELZ LAMA 2L
DLAT T MTA5ME (LAMA S&fth) &5 XML AT 7 MT A5 (502 2540 2 HE
L, #BRE 641 LTT & LRIER CEREZIT 7=,

4. FRAAR
4.1 BREETEVTELREZ BMIICKVHIET HEER

FE (T4 b, RE) Z2ZE=NICES F7 2B REBIC L, BfEETET 228 =]
DO FIZELE Lz, #ERFI T B ACEITEWTICE D, FHxHEE B fHifE & 70T BMI 2> 5 ROS
BRI A S 2, BAEEITIC L 0 B RMTORES [0 LN BB RICBEI L, E1kd5 2 L
MNCTE=. BEETHIZ BMI 2674 &
FAT SEDMEEBIRL, 74 Fapdr st

HTEHTEZ, ARFERT BMI IZLDH AT

ZHBLTOLHEEEICBHL A oA 100

E3)]:9]
ITEELETRI D20 BEL-.
90
4. 2 BI-BMEHICBTAR/ARE, R 80
<AV —RlEH D BMI # RIS E #
X 6 [ZE ST I 1T B IR/ E R, A~ A )

8 1| 45 B

U — %D BMI kB E 273, @05
WZBWTC, IK/ASREREOBPIEE L 86.25+ 60

23.82%TH Y, A<A U —HET 9875+ 50

217%TH Y, A~A U—FKFEDIE O DEN

SRR o LT, 70, )7 4 x/8 ARAU—
AT BT B IR/ AR, A~ A U —HIliE D BMI )
RS AR, BHOAIHIC BT, R/E 4 6 BRI 5 BMI GBI
R OFRRINEEE 1L 82.5111.46% TH Y, A~

AV — T 10020.00%TH Y, A< AV

— DT D DNEW R BIREE 2o~ LTz,

SR L BSRE AT D L, A~ A

— IR RIS FE 1 100%1 23T < RFED 720 B

2, —HTIRIAERMHETHH 84% & KA 2N 100
TENOML. IO LD, KERL AT A

ICBWTEBDOLA T Y h 23 BMIIZKE < %0

U LR T-. CDZENLEE g*g 80

B BAEIC 2572 EF LRI 2B .

WIRYIZED XS4 77 FLTH BMI ik =

BRI L pWnWeEX D, £z, A~vA U 60

— I 2 FAVN721E 5 A BMI skl FE 03 i < 7 50

BIRFAL DAL, ®/E g

7 FRRISRAIRIZIS T D BMI AR R



4.3 BEDLA7IMRERRICRIEXTEE
FEBITFEEIZ b O (BT =T =

RORERE 7 £ O FEFH ISR A3 Y _ 40
A9 &9 LAMA TLA4 T Y bR 235

X, FEAZLVADITHATE 0TI 530
RWINEEZT-. ZEAZR 3O L H/H '

FC LAMA ICE D LA T ok L7s B 2.5

L, IV X NILAT Y R LEBAEDR E2 20

ERII 28 1R T LAMAZ AL B

T25a 13 2.681046 X TH Y, T H L [T

DAL 296055 B Tholz. tIRE X

EToll 25, WHICHEERRD L T 08

MR- T2 (p=0.11). T D Z & 76 0.0

DLAT Y MIBEUTLIREDO LD % LAMA SV L

B0 &bt 57 & TRICED LI
RS KB BRIRWETH D Z L N0 8 M LOFEDOLAT U NFEZLED

ey ~ 7 A T OR BRI

4.4 F&OH

AMETITBEETENT &, EOFELFFEIFTEEZ: BMI & A7 A& BT L, FEERITMKH
THELZHHICBEIL, 94 F2AITSE5Z LICPI L. £72, BMI & 2T ADOFIl4HE
TREAT O BMEEE ~FEZ B - BT 25 2 LIk 22T BMI i EICIZIFE AR ON
T, FRZA~A U —% AN LIz s O BB 20T 1009120 ik BIRE E 278 Lz,

SEH

[1] J. R. Wolpaw, N. Birbaumer, D. J. McFarland, G. Pfurtscheller and T. M. Vaughan,
"Brain-computer interfaces for communication and control," Clinical Neurophysiology;
vol. 113, no. 6, pp. 767-791, 2002.

[2] J. Long, Y. Li, H. Wang, T. Yu, J. Pan and F. Li, "A hybrid brain computer interface to
control the direction and speed of a simulated or real wheelchair," IEEFE Transactions on
Neural Systems and Rehabilitation Engineering, vol. 20, no. 5, pp. 720-729, 2012.

[3] C. Guger, C. Holzner, C. Gronegress, G. Edlinger and M. Slater, "Control of a smart home
with a brain-computer interface," in Proceedings of the 4th International Brain—
Computer Interface Workshop and Training Course, 2008.

[4] F. A. Al-Nuaimi, R. J. Al-Nuaimi, S. S. Al-Dhaheri, S. Ouhbi and A. N. Belkacem, "Mind
drone chasing using EEG-based brain computer interface," in 2020 16th International
Conference on Intelligent Environments (IE), 2020.

[5] B. Blankertz, M. Tangermann, C. Vidaurre, S. Fazli, C. Sannelli, S. Haufe, C. Maeder, L.
Ramsey, I. Sturm, G. Curio and K.-R. Miller, "The Berlin brain-computer interface: non-
medical uses of BCI technology," Frontiers in neuroscience, vol. 4, p. 198, 2010.

[6] L. A. Farwell and E. Donchin, "Talking off the top of your head: toward a mental
prosthesis utilizing event-related brain potentials," Electroencephalography and Clinical
Neurophysiology; vol. 70, no. 6, pp. 510-523, 1988.

[7] A. Onishi, "Landmark map: An extension of the self-organizing map for a user-intended
nonlinear projection," Neurocomputing, no. 388, pp. 228-245, 2020.

[8] ZRRA KA , KiE®, “WMECTHMMEBE FMAZEE L BRETE Ry NG5 )
EOBRR,” 27 [EEFE AT AG T 2022.



s s 71
— 2023
3.37 3 44
DOl
10.4307/jsee.71.3_37
s 70
- 2022
4 77 482
DOl
10.4307/jsee.70.4_77
Onishi A. 136
Brain-computer interface with rapid serial multimodal presentation using artificial facial 2021
images and voice
Computers in Biology and Medicine 104685 104685
DOl
10.1016/j -compbiomed.2021.104685

A. Onishi

Applications of brain-computer interfaces: Electric wheelchair and household appliance controlled by brain signals

The 1st International Workshop on Smart Robotics and Applications (WSRA2024)

2024




5

KOSEN

2023

P300BMI

28

2023

28

2023

27

2022







