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Direct-brain-controlled Robot Direction and Speed Based on
SSVEP Brain Computer Interaction

FU Yun-Fa' GUO Yan-Long' LI Song' XIONG Xin' LI Bo* YU Zheng-Tao*

Abstract Direct use of thinking to control a robot without peripheral nerves and muscles is a dream of human beings,
and this research has become a hot spot and a breakthrough point in the world. The traditional brain-controlled robot
(BCR) mainly controls the direction, and this paper aims to explore the effective method to control the direction and speed
of robot through brain. Using the brain-computer/interaction (BCI/BMI) method based on steady state visual evoked
potential (SSVEP), 9 instructions are designed to control the robot. And the canonical correlation analysis (CCA) method
is used to identify EGG patterns. The results show that appropriate setting of the target number and its layout spacing
and the flashing time can effectively improve the performance of the direct-brain-controlled robot. The optimization of the
SSVEP stimulus paradigm three, the average time of 8 subjects controlled robot to reach destination using 2 minutes and
40 seconds, with a minimum of 1 minutes and 29 seconds. Meanwhile, the average number of touching obstacles is 0.88,
the least touch number is 0, and the maximum number of touch is 3. This study shows that the BCI based on SSVEP
can be used for the direct-brain-controlled robot. In order to overcome the limitations in the single SSVEP paradigm, this
study also combines motor (Hybrid-BCI) imagery to control the robot. This paper is expected to provide ideas for the
direction and speed control for the brain-computer interaction based on SSVEP or combined with motor imagery, and to
provide a certain basis for practical direct-brain-controlled robot technology.

Key words Brain-controlled robot (BCR), steady state visual evoked potentials (SSVEP), canonical correlation analysis
(CCA), brain-computer/machine interaction (BCI/BMI), hybrid-BCI
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A3 X B BT R g i SR, 1A 24 & SSVEP i
WH bR KA R R4 A AR =, SR
HiE&H T SSVEP figtht i) S AYAH K 4341 (Canonical
correlation analysis, CCA) J7y:20.
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Fig.1 Direct brain-controlled robot system
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(a) The test platform of brain-controlled robot
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(b) The client/server architecture for brain-controlled
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Fig.2 The test platform and client/server architecture

for brain-controlled robot system
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Fig.3 The first SSVEP-based BCI stimulation paradigm
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Table 1 A strategy for brain-controlled robot: control
commands corresponding to the stimulus targets of

SSVEP-based BCI stimulation paradigm

T E AR iR FEtil a4

F (Forward) BCIID01CA1000 A iy 2
F+ BCIID01CA2000 r i
F++ BCITD01CA3000 oo ol 28

B (Backward) BCIID01CA0100 [iSc Y =1}
B+ BCIID01CA0200 IR

L (Left) BCIID01CA0010 Ik Ze
L+ BCIID01CA0020 o At

R (Right) BCITD01CA0001 MEH A%
R+ BCIID01CA0002 T

2.3 HTF SSVEP #axxEERMNL

XA 2.2 9 SSVEP LA FoR s =K, 9
AT R AT SR A AT TR) AT BE 52 2 2 TR ]
RN T FHER TR, AT T =R AR
FTEGE , ale 3. 1 4 (a) FTiE] 4(b) Frs. =
ot ket SCH 2 A TR H s TR ] . o,
T H AR Z TR B TR 10; X 3 H Ar
Z B TE) BE 2 100; 9 28 =03 H b 2 18] 7K F- ] B
A28, FEEAIFN 198, ASEH v, = Fp i 2001
(Trials) £ SRS TR BCE N 3 b, PLAEHAZ I ] (R
BpA Trial Z [E)f AR TE]) BEESH 1.5 AP, [ 2 N
FERLES NI G35 (K 2 (a), BEABHRAE = Fh
RS T 70 AT 3 Y B g NS5, ik
BRI 3 WRIREIRAR N 1K 2.
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(a) The second SSVEP-based BCI stimulation paradigm
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A S G A — o) 3 s N IR AR B, DA
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2.4 HBIEXSH (CCA)

HLAUAH 5 532 — P AR P A UV 1) 25 [R]
Peaw. Lin S5 %6k CCA W T37 SSVEP 1)
i BLEE ORGP — i, A1 Bin 441
R ARE CCA (Standard CCA)2Y,

TR CCA kAP K (Electro en-
cephalograph, EEG) ##gi}, Ffi1#%& C. N. Ny, fs
s EEG B BFAS L. I I BORR AR5
F, it X € RV Al R4 C % EEG ¥
W, Y (f) € RPN St f iR, n
E XN

(b) SSVEP I HLAZ T Al E A =
(b) The third SSVEP-based BCI stimulation paradigm
Kl 4 SSVEP it &2 B REE —FiE=
Fig.4 The second and the third SSVEP-based BCI stimulation paradigm
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Fig.5 The structure of SSVEP-based BCI directly

brain-controlled robot
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3 SSVEP fiE#l 28 ASLIGZE R

T AR R — PG N B AT =R SE S,
%2 RIS AU EHLIS A S8 A (min).
TRRERER Y. TR (Average, Aver), i/
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2 W 467187 FoR M LER N BB L S Bl 6
4y 18 Fb.

J AL SSVEP fidl 3z B fil ki =k, %
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Table 2 The consuming time and the number of touching obstacles when subjects controlling robot by their brains to

reach the destination under three SSVEP stimulation paradigms

SSVEP #i#ii—

SSVEP #ilsE—

SSVEP #li#ii=

S i (min) R A (min) R i (min) R
6’18 5 4'36 3 3’59 3
S1 6'26 3 3’54 2 3’36 0
5’56 4 4'12 2 3’41 1
632 6 4'57 3 2’46 1
S2 5’48 3 4’20 1 3’39 2
5’26 4 4’29 3 301 0
5’50 3 4’21 2 2’19 0
S3 5’03 2 3’39 1 302 0
5’43 4 3’54 2 2’43 1
6’38 5 3’04 0 2'37 0
S4 5’55 4 420 3 3’56 3
552 4 3’39 1 3’17 2
5’18 4 3’35 1 1’59 0
S5 4’48 3 3’26 2 2'32 1
4'44 3 3’05 1 209 0
5’46 4 322 2 2'47 0
S6 609 6 3’51 2 3’14 2
5’54 4 3’25 1 2/25 0
527 5 2’50 2 1’29 0
S7 4’59 5 3’09 2 2127 1
4’55 6 2’59 2 1’47 1
7'16 5 3’53 1 3742 2
S8 6’11 4 3’54 2 3’25 0
6’49 4 3’13 2 324 1
Aver 5’35 4.17 3’32 1.75 2’40 1.88
Min 4’44 2 2’50 0 1’29 0
Var 0.39 1.06 0.39 0.60 0.46 0.64

%3 SSVEP AL HRIFEGE 2 Mg H AR A [N AR
[ IE R RS (%)
Table 3 The correct recognition rate (%) at different

flickering durations for 8 subjects under the first
SSVEP-based BCI stimulation paradigm

S Td=1s Td=2s Td=3s Td=4s
S1 33.33 66.67 83.33 86.67
S2 36.67 70.00 86.67 93.33
S3 30.00 63.33 80.00 86.67
S4 30.00 60.00 76.67 80.00
S5 46.67 80.00 93.33 100
S6 43.33 80.00 90.00 96.67
S7 36.67 70.00 86.67 90.00
S8 40.00 66.67 83.33 86.67
Aver 37.08 69.58 85.00 90.00
Max 46.67 80.00 93.33 100
Var 31.78 45.66 24.99 36.11

# 4 SSVEP JRbLA B AR s R H ARAF] N AR
[ B IE A R4 (%)
Table 4 The correct recognition rate (%) at different

flickering durations for 8 subjects under the second
SSVEP-based BCI stimulation paradigm stimulation

paradigm
S Td=1s Td=2s Td=3s Td=4s
S1 40.00 73.33 86.67 93.33
S2 43.33 80.00 90.00 96.67
S3 36.67 73.33 86.67 93.33
S4 40.00 76.67 90.00 93.33
S5 56.67 86.67 96.67 100
S6 53.33 83.33 93.33 100
S7 43.33 76.67 90.00 93.33
S8 46.67 80.00 93.33 96.67
Aver 45.00 78.75 90.83 95.83
Max 56.67 86.67 96.67 100
Var 41.67 19.28 10.41 7.65
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Table 5 The correct recognition rate (%) at different
flickering durations for 8 subjects under the third

SSVEP-based BCI stimulation paradigm stimulation

paradigm
S Td=1s Td=2s Td=3s Td=4s
S1 43.33 80.00 90.00 93.33
S2 46.67 83.33 93.33 96.67
S3 43.33 80.00 90.00 93.33
S4 40.00 76.67 90.00 96.67
S5 60.00 86.67 96.67 100
S6 53.33 86.67 96.67 100
ST 46.67 83.33 93.33 93.33
S8 46.67 83.33 96.67 100
Aver 47.50 82.50 93.33 96.67
Max 60.00 86.67 96.67 100
Var 35.42 10.42 8.34 8.34

N T L = Fp SSVEP it AC B3 E e
KRR A 32 B 1 RE AN A 7] o) 385 g 1) 71 18 3R 1)
2, K6 2P T =F SSVEP il 3 =L gl i
BLgs N5 B 2 ) 35 F s L folRil B i 0 vk 8. HE
1~ 4 RIS [E] R 1 ~F- 3 10 T 500 238 DA SR 56 7
7.

4 g

WAL AE B — o AL AL AR, BT fivi
HLAZ B A — A B R IS A i 1), v P 3
FERLAR N2 BN AEA L2 N G — A8 i 7 AR
EEWS A IR € L E et I NGO S e T PN
AV RE S N LSRR RE AL MR E 2, BA
HBL Rl R SO R B, SR T X 5 T B 84S
SRAL T TFERBI G B, B G Il N E 2L
PR T 1o g T B o, E G e S B ) AT
JEE SRS 20 RN R B4 12— VoA A IS A 1 [ A
AR = O] R I e S R = WE K AL o) K I NG OB
1237 FERZ WPl A B =, RS a7 A
{ii. (Steady state visual evoked potentials, SSVEP)
B RAEFHERENMILZ B, Al T %
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destination under three SSVEP stimulation paradigms
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