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Direct brain-controlled multi-robot cooperation task
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[ Abstract] Brain control is a new control method. The traditional brain-controlled robot is mainly used to control
a single robot to accomplish a specific task. However, the brain-controlled multi-robot cooperation (MRC) task is a new
topic to be studied. This paper presents an experimental research which received the "Innovation Creative Award" in the
brain-computer interface (BCI) brain-controlled robot contest at the World Robot Contest. Two effective brain switches
were set: total control brain switch and transfer switch, and BCI based steady-state visual evoked potentials (SSVEP) was
adopted to navigate a humanoid robot and a mechanical arm to complete the cooperation task. Control test of 10 subjects
showed that the excellent SSVEP-BCI can be used to achieve the MRC task by appropriately setting up the brain switches.

This study is expected to provide inspiration for the future practical brain-controlled MRC task system.
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Fig.1 The experimental research system on brain-controlled MRC task
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Tab.1 The instructions for brain-controlled multi-robot
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Tab.2 The instruction recognition test of brain-controlled system

_ge— R — =

ZIRE AT e i < o RN L LE s 2 RN

JHIS /s /s TR /s P FRAMER R JHEL /s IS FRAMER R
S1 153 12.75 100% 100 8.33 91.67% 90 7.50 83.33%
S2 140 11.67 100% 146 12.17 91.67% 114 9.50 100%
S3 69 5.75 100% 88 7.33 100% 140 11.67 100%
S4 87 7.25 100% 73 6.08 100% 73 6.08 100%
S5 67 5.58 91.67% 85 7.08 100% 75 6.25 91.67%
S6 101 8.42 100% 106 8.83 100% 89 7.42 100%
S7 120 10.00 100% 104 8.67 100% 116 9.67 91.67%
S8 59 4.92 100% 72 6.00 100% 76 6.33 91.67%
S9 81 6.75 100% 75 6.25 100% 91 7.58 100%
S10 66 5.50 100% 66 5.50 100% 64 5.33 100%
KA 153 12.75 100% 146 12.17 100% 140 11.67 100%
e/ IME 59 4.92 91.67% 66 5.50 91.67% 64 5.33 83.33%

Y £ FrifE2: 943 +£31.47 7.86+2.62 99.17% +2.5% 91.5+22.6 7.62+1.88 98.33% +3.33%

92.8+22.5 7.73+1.88 95.83% +5.59%
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Tab.3 The experiment of brain-controlled MRC task
SRR G AT
= BEEA HERE ToRdE MERRR Tl EE YR -
AR iR /s B L I (%) Hove  BRIR BRI MERE R AR ERRR
Bk kKR (%) Bk KRR (%)
S1 474 47 0 0 100 0 2 0 100 2 0 100
577 50 0 2 9 0 2 0 100 2 0 100
502 48 0 0 100 0 2 0 100 2 0 100
$2 510 49 0 1 97.96 0 2 0 100 2 0 100
552 53 2 0 96.23 0 2 0 100 2 0 100
476 52 2 0 96.15 0 4 1 75 2 0 100
S3 685 70 6 8 80 3 2 0 100 4 1 75
451 51 1 1 96.08 0 2 0 100 4 1 75
568 61 5 4 85.25 2 2 0 100 8 3 62.5
S4 381 55 3 1 92.73 2 2 0 100 2 0 100
368 50 1 0 98 0 2 0 100 2 0 100
398 49 0 1 97.96 0 2 0 100 2 0 100
S5 408 49 0 1 97.96 0 2 0 100 2 0 100
524 54 5 2 87.04 3 2 0 100 2 0 100
441 50 1 0 98 0 4 1 75 2 0 100
S6 416 49 1 0 97.96 0 2 0 100 2 0 100
368 48 0 0 100 0 2 0 100 2 0 100
430 53 2 1 94.34 1 2 0 100 2 0 100
S7 565 50 0 2 9 0 2 0 100 2 0 100
463 48 0 0 100 0 2 0 100 2 0 100
604 57 1 2 94.74 1 2 0 100 2 0 100
S8 494 52 2 0 96.15 1 2 0 100 2 0 100
323 49 0 1 97.96 0 2 0 100 2 0 100
292 50 0 2 9 0 2 0 100 2 0 100
S9 357 57 3 4 87.72 1 2 0 100 2 0 100
271 48 0 0 100 0 2 0 100 2 0 100
259 48 0 0 100 0 2 0 100 2 0 100
S10 399 58 2 5 87.93 1 2 0 100 2 0 100
420 63 7 1 88.89 2 4 1 75 6 2 66.67
296 54 2 3 90.74 1 2 0 100 2 0 100
e KAE 685 70 7 8 100 3 4 1 100 8 3 100
e/ ME 259 47 0 0 80 0 2 0 75 2 0 62.5
Yol + F50fE 442441026 5244515 1.53 14 94934506 0. 22 0.1 97.5+7.5 247 023  95.97+10.46
% (F39MH)
Fla-18l gtk 2z AN, CCA Bt A SR A5 F] 95.97% + 10.46% ., ZiA IS REH, KT
IR E, XL E WS CCA Bk i AR, SSVEP-BCI R4t CCA 32, I LAIRaE . MR Al

Hoz s H TAEZ 0T SSVEP-BCI # 1l R4t .
Zi b, AW IEH CCA BT R AR5 5% e
TR AR S fe RAE, AT RO HE 243 1
TR 12T,

M 3 F7R IR 10 44 321 Bk ¥ MRC 1155 52
BUIE BT AT, RG R AR BT (442.4 +
102.6) s, FTH#E4 S8k (52.4 £5.15) 4>, HiiRTs
A0 1.53 4, F8 A PUNMER %R 94.93% + 5.06%
IR A, AILES AR B A 0 U Bk (R R
W) M 0.6 UK BT BRI i o OC firh &% 45 4%k
2.2 W, BRI R B 0.1 I, HERR R IA B
97.5% + 7.5%; FEAI IO (et vt ) fil k& 4
SHON 2.47 K, BRI B 0.23 IR, HERPRIR

YD 5E B 4 MRC AT S5, JFSE T S il i o ¢
25 ) A B R 1) R I LA B 4 i T e AE 2
BLAF N Z IR0 i Re e P S A B
LAk, ARWFFE R FIAELE 5L 545 SSVEP-BCI J7
KT g N TS, 2l o ke 21
mia], 5EA SSVEP-BCI =AM, SR+
BRI EZIAH H e b i, Fh o A G
T SEBRI A, andE iR as gl RIS 58 AL
55550200, 3R 2 Mids R G i 48 2 T 06 45
AL, 3 AR A T 2446 A TR IR 2R 530
99.17% £ 2.5%. 98.33% + 3.33%. 95.83% + 5.59%, 1°
S BARTR A m A AER, Uk 1 s R G T
HLME TR 4E . HARTE A f i i vERf v etk Sk



B TR 2 & 20184F 12 H 5535 563

P, B SSVEP 3 A T B I O 3 i
FRHE A b . 500 NS 8E BCT R
St HIE I e —, Ramli 28275 A FRARZSHL,
DU 55 SR G SAIR Aok R S ie i, e
iR 155 97.88%. Merino 25:297E 574 SSVEP-BCI
HR H CCA BVEAH I RELDI ISR LRSS, 4553k
WY Lb S R ) i AL 40 2 S 20 A U 5 R TR AR K
Btk . ASHFSE 438 SSVEP B IE, F1IH ¥ st
% (&EN2s), 0.5 s MR —Kk, 153
BRMRFRE, M KRHEREKRT (355 T) &K
FE B BIE (0.6) B, XN B8 2 WA —
T84, ME RAH I R EOAN R (B SRR, R A7
N —A2H84 o X HER A =484 e FEN, Bp R
AU 3 LR E T AR, RGEA 2
g H o —A HARHE 2 I o F 0 J ) AT
M, RGP — B EA W 155, 735k,
SRR 1A K I, D) R EIHLAE AT
F54 B B[], AR50 1 8 Tk BRIl 8] — 45 4R
A5, A5 IE 1 s B, ZOrikiR R T RS RS
P TE A 2R LA K i Z2 L85 N EIME R GE R R sk o

RSB MRC 52T 55, BR T 520 SSVEP-
BCI /7=, A5 5 E T A~ —4E= SSVEP i
K, S SRR OC S H T OC . B i
AT B TG 145 1k (B ) RER IR HERE, 7T
IR RGN A PISEMERIRR S EME ; el ixoT o
ARSI 2 ML AN (BRI 4 ) Z B 14 .
WIS JT 561} 3T SSVEP Tt X W E M
HHA SSVEP Fr AT 85, HARE | vEf AP
SERE U JLAMICR] BCT HA 2 Y, T FLIX P A
TR B SEBE Ry (B . Ak, RS I I 56
BT 5 HAAESTERESE R & ERA AR
XA, {H R fe w5 E AR ORNE A, BARIARE
1 P EE R LIUT S R GG sh 515 1k (8
AL 55 AT ) AR I S A R G i e 4
X F T MEAE 55 i 3 2 B MVER, A
SSVEP I 7E Y REML G 2 SEHXME 55 R 4
AHLEF A AT e CHERAES5) #306. REs
Bk, 7EMIEE B 321 MRC 1R R G, ABFSE
FIr et A A T 6 R B T LR 3

i1 2% 3 IRIRZE A AT, PRI T G484 1 HET
RPN 97.5% + 7.5% F1 95.97% + 10.46%, X7
BT i 2E ) — 82X SSVEP i SR G R & | fae vk
I, fedr (EREER SCI TR DI . HRTE A4 TXT
G SC FF S, Liu 55280 8 T —F i ) e i =,
TEX R T 75 2 P AT R H bR, Hs sl =

«951 .

MR, Bz R, KT R 2T 24 155,
HA B G 2% . ARWF5E R FH — %0 SSVEP
GO, 5233 AT DL A g T 25, Bl B U0 0 4 o 0
%, BJTF A8 A il & iR 5> 1.5 fil, HAE SR
FERR G, W OGS B 5 (R . Spyrou 45127
K FH 2 10000 41 & 455 78 RN ik 7. F 52 i 35 (subject
independent, SI) [ 3 AR AUAR S5 G 1Y 5 12 52 B ki
T, XTSRRI ORFR B AL, [0 HERf 232 530 hy
86% Al 85%, it A HEHI RN 69% Fl 66% .
Blokland 45 PR A ik HL {5 5 FT R 41 4MG %
MR 5 24 G RGOk SCE T ST RE, HER R 42
R 79%, ZMGTT O SEEUAHNT A 2% . Lim SFBU3E
F SSVEP R (Mo i oF T —Fh & 2ngny
4%, HHWZIFE SSVEP KT EaY 52 P, Pan
SRR T T AR R AR XA T 5
SSVEP i JF 56 [l 45 IR &S A 2s DI A, i8R/
KA RGN, VR S F AT Hh i) 42 1 A
e, 5 RS AL, ARG Fr i i i — X
SSVEP i e re Pt | o o . sty il & 8
R IR PERE

gk BRTR, X T EEME MRC AR5, ASCT
PRI Ty 58 e HLRG TF S M BE A S AT .
ey, AR A 45 MRC 45 A 5] T4 1 R $UBL
N, FEMGE R T T B A2 A A A B I Ol BB
ACHE SR S R, 3 TR L e T R R 10 A
SRR AL N A 0], a3 TR
RS RIS 114 e B ) R 46

4 HERIE

AR SCEE X EHERA MRC A 453X — B i g 47
RIS . WX —AT55, R L. HE
P 2 AU N, R A 22454 SSVEP-BCI 53X, IR H
PEBEML R 1% CCA FEyk U B AR Sk if ) SE B
N, RS 40520 SSVEP-BCI, VLT 21k
H & T 22T I ALES NI s MR R &
4 SR DL LA N Z B DMEN:, 1 E T A
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RS SE AL I+ MRC A 45 REE4RAL R .
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