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E T P300-SSVEPHI M AthE X -1ZHWEXFHEE RS
AR 3 SEAD IS AENE T 11U 3%

(1. RALR2ZERE AR 506 7 TR 2ERE, KL 30007252, KR 2EE 22 T R 5 A0 E 2258 B, K 300072)

@ E: L THE-H4# 2 (Brain-computer interface, BCD# lm-#H K LRk REGKRXER, KM,
MABR S KRR EAREFE T X, B ERATEFA TIE B B EAKA B, ML R 0 T edkde it
S F K AT FEA, KRR B IR AR A S A A AL B AL B kR AR R ek i i A
P300 F= %8 & AL 3 # & ¥ 4% (Steady-state visual evoked potential, SSVEP) i ¥ 4% 42 , - & T 108 45 4~ 6%
BAWMERIEIARE 2R, FARARBYRXF L2 X H5, SLMXEXFHEHFEAN
87.92% ,-F 3 J£ 445 B A% #ir i & (Information-transfer rate, I'TR) % 66.00 b/min, % 2 4% & 7 BCI4#Z
B3 X, i T W B BCTARAZ AR 69 T 47t Ao 20k, W B BCI#RAE 7 4 K 4%,
FEEIR) . M ALEE O R AR 3 P300; A2 AL i K W Ax

HESES: R318;TNILL7 XERAR ARG A

Two-Person Collaborative Brain-Controlled Robotic Arm System for Writing Chi-
nese Character Using P300 and SSVEP Features

HAN Jin', DONG Bowen®, LIU Miao"?, XU Minpeng"?, MING Dong"*?

(1. College of Precision Instruments and Optoelectronics Engineering, Tianjin University, Tianjin 300072, China;2. Academy of

Medical Engineering and Translational Medicine, Tianjin University, Tianjin 300072, China)

Abstract: Brain-controlled technology based on brain-computer interface (BCI) has developed rapidly and
made great progress. However, the existing research mostly adopts the single-person brain-controlled
manner, which has the problems of poor execution efficiency and low degree of controllability, making it
difficult to meet the needs of complex manipulation tasks. To address this problem, this study adopts a
time-frequency-phase hybrid encoding method, and designs a collaborative strategy. A two-person
collaborative brain-controlled robotic arm system with 108 instructions has been developed, enabling two
people to write Chinese characters simultaneously one stroke by one stroke. The average online accuracy of
the eight subjects is 87.92%, and the corresponding average online information-transfer rate (ITR) is
66.00 b/min. This system extends the BCI information interaction manner, and preliminarily verifies the
feasibility and effectiveness of collaborative BCI manipulation of robotic arm. It provides technical support
for collaborative BCI.

Key words: brain-computer interface(BCI); brain-controlled robotic arm; two-person collaboration; P300;
steady-state visual evoked potential (SSVEP)
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Fig.1 Block diagram of two-person collaborative brain-controlled robotic arm system
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Fig.2 BCI subsystem—Distribution of 108 targets Fig.3 Flow chart of the hybrid encoding stimulus para-
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(a) Two-dimensional pixels of “Fu” on (b) Index of target endpoints for “Fu”
the stimulation interface(108 pixels)
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Fig.4 Chinese character writing example—Fu
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the stimulation interface(108 pixels)
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Fig.5 Chinese character writing example—Shu

1.2.2 ABEMSE*

AW FERFAE F Z AL P300 . SSVEP, DL AR A R AE , AH N A9 i 5 B vk R IR 3 Bk 3% 25 2k 1 4 )
43 M7 (Step-wise linear discriminant analysis, SWLDA) \#" Ji& 2 8 8 45 3¢ 43 #F (Extended canonical corre-
lation analysis, ECCA)Fl TRCA % ¥: . Hf SWLDA 2 HL#S 5% 3 S 2 g vk 22 — | se o IR iy
il B, ORI 3 ECCA B TRCA ST/ 44

(IAE: 55 A O 1 53 43 B B3k

PR A FEAE F SSVEP $#AE (9 ff 5 , >kl TRCA, HAZ O BARUR XS T R 2R FEAS , 48— 458
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W:[wl, w,, Wi, ---,w‘\y[] (4)

(2)9" e 74 B R AH OC 43 #7351

LI AH 5 43 #r (Canonical correlation analysis, CCA ) 2 i 5- 4% 5 41 =5 4 & 1) & A0 B2 JE B, fdi 1)
RS MR R B G ok, LA R A R

RS S XeERY N, Y, e RN RIERIZ B H RN, A
sin(2npt) |

cos<27rﬂ)

Y, i

: J= e S5 I (5)
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o o E[w!xy'w,]
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Ww, JEIwI xx"w  JE[wivy'w,] (6)

K E[REBA I, o RFE LRI R E . ECCAXT CCA B, FIA T ZIRE MG A /D
T L AR T 2 (1 R B ECCA 9 %3 ] i D 2% b AR 3 30 4 AL B T URE A X A (AT 2 4 X
e COA 13 5 19 2 1] 3 U 7% W,( XX, )L 30 3 4038 A IE A 5% BRR 2 CCA 13 51 0 % 1l 0 3% 7
W(XY,). W(XY,) A E BRI E A SBEAR 26 CCA 615 102 [ ug 9 2 W,( X,Y,), oo i 1 2
PO A 2R 5| D30 o 22 i 3 D il 5 R AT A A O AR B ik, Ry
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Ti - ~ _ . ~
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i A 10 kg, Be KB sh# B0 1 300 mm/s. XF T AU /9% 3l vl i TCP/IP Wil 47 % 46l , f7 &
6-DMVRR (X,Y,Z, Ry, Ry, R)FEE , Horh XA F MU oA st bH X T 25 5000 180 B8 (36 A a2 Sl LR 1Y
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1.3 WERESTHAE
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KA T Fz.Cz.Pz . PO7 . PO8.0O1.02 1 0z 84~ Tk , S Mt N £ FL%E ML, #: b Hi Ay FPz Bl Fz 1% 4%
AR

FEAr 28RN, 2B G W A - (D) BEHR AR 5 () B N2 45 A9 TR 3 o 24 W A0 3R 2 0 0] E A st
DUPRT D) T A H AR A0 H AR RS R . AR R FAT U, LT SSVEP F P300 FHIEFE
PR 3 F UE B AR AL TRCA J7 36 A e 70 3 43 7 (Linear discriminant analysis, LDA) fif % 5 % , B
Wz Ah 3 2 R FHSCHR L 15 ]RSOk [ 17 142 8 i TR & R A Ab 38 07 3 %007 36 1 38 JE k3 L STk 191 .
PR, S TR B g 1R 31, 32 B OR H SSVEP R E AR & 5 AF 15 Fb A B 0 325 5 X TR B o8 A R 1), 2 2R
FH P300 7 AF FIE A ¢ AF 95 F A 3 0 3% 5 % F 38 A 45 19 18], 28R A SSVEP-P300 FR A F¢AF 1 Fh b
PRI . R H AR A AL BE SRR .

Xt P300 FRAE , 1Ak BBy BOKE R AR B R 25 Hz, Lk 8 S 200 U1 b5 R 1A 38 I 48 4 b 7R,
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Fig.6 Flow chart of signal processing
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2 LIEHER
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ARTIF T 30 228 B ()43 3 A A B B i 1523, BT LA & P300 A SSVEP HEAE , I 38 23 AH R i) ML 7% 24 >
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WA, 7E Oz A W] WA P100 843 o 18 8 JB/R T 12.4 Hz Fl 14.6 Hz 3 R fll B AE Oz S HE (38 &, M HE
BRBEAS ERP 9 13, Bl 2052 7 58 4 11~ 17 Hez (1445 30 8 % 5 Ab BE, I B R BE R 250 Hzo B} [A] % O ms
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Fig.8 Average SSVEP of different stimulation frequencies at Oz channel
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Fig.9 Classification accuracy of module recognition, character recognition within modules and target character

recognition against the number of rounds
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Table 1 Results of online experiment

N o IEE)%?“\%’XI/ N Bt R/
Wik A4 L/ SO R/ % .
S1 4.7(3.7+1) 16/17 94.12 77.05
S2 4.7 (3.7+1) 16/18 88.89 70.25
S3 5.7(3.7+2) 16/18 88.89 57.92
S4 5.7(3.7+2) 16/17 94.12 63.53
S5 4.7 (3.7+1) 16/20 80.00 59.80
S6 7(3.7+1) 16/19 84.21 64.61
S7 7(3.7+1) 16/18 88.89 70.25
S8 7(3.7+1) 16/19 84.21 64.61
Max 94.12 77.05
Min 80.00 57.92
Mean®=STD 87.92+4.61 66.00+5.82
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