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Development of a robot arm control system using motor imagery
electroencephalography and electrooculography

DENG Xin, XIAO Lifeng, YANG Pengfei, WANG Jin, ZHANG Jiahao
(College of Computer Science and Technology, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract: A brain computer interface (BCI) aims to control external devices by communicating with them via brain
electroencephalography (EEG) signals. To tackle the issue of complex mixed multiple physiological electrical signals
and low output control instructions in BCI systems, a lightweight robot arm control system that integrates motion im-
agery (MI) and electrooculography (EOG) signals was proposed to expand the control instructions. In this system, two
biological EEG and EOG signals were integrated gradually. Robot arm movement was controlled by MI using double
EOG as the task switch, and the control stages were switched by single EOG. The dichotomous MI generated a variety
of control instructions, completing continuous control over the robot arm. MI EEG signals are extracted using lifting
wavelet transform coupled with common spatial patterns and classified using support vector machines. The EOG sig-
nals were distinguished by analyzing the peak values of unconscious and conscious EOG set to a specific threshold. To
verify the feasibility of this system, this study designed an autonomous drug-taking experiment. In the experiment, the
subjects completed the drug-taking process using the BCI system with the robotic arm control, which is conducive to
further promoting the practical application of BCI technology.

Keywords: brain computer interfaces; motor imagery; electrooculography; robot arm control; common spatial pattern;

wavelet transform; support vector machines; independent medication
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) — 8 PE; 0.21~0.40 18K — A9 — ik 0.41~
0.60 FRFR &5 i) —E 5 0.61~0.80 FRER & 1 —
B 0.81~1 REILTP 5228,
EFXTE LTS R G, AICEH EHERR, L5
B SCEE, B 2 LR 45 R SR AL
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G 1R AR 42 WU VR B2 U HL A5 5 AR . s S
Mk [1, 8] il FH T 1 58 19 CSP H2HUREAE 5 SCilk [10,
22] i A [ H A (autoregressive model, AR) 2
BURFIE o 26 1 AR SCH SRS TE 7 PR RS2 IO
VAT SVM 4r 2610 43 R MER 32, 38 2 R
) Kappa {6, "] LAFE F], 7E48 ] LWT-CSP I
FHIET 9 4 9tz sh AR AP 325 HEB R 76.5%,
1oy AR 6 Fh 7 ik, -4 Kappa {64 0.53, 153
Ttk . Hh A 3 44 9l iy E A R A
T 80%, #iil 5 HE=IKH T 91% W3 2Kl %,
Kappa {65 0.82, ik 8| TJL P4 —58., WK 1.
28 LI 3, ik rg CSP Ak A 4 ny CSP 4.
AR T S 0 34 43 S e R R, AR SO T Y
LWT-CSP J5 % 5 11z A0 5 3 A A R I 4%
Zf 73 A 5 X (filter bank common sptial pattern,
FBCSP) J5 £ X, B8 T 5 AR A 2008 45 — A%
AN TN LWT 3R — /N il 2 N % e
(discrete wavelet transform, DWT)"" B8 T 85 471
243 MER R N Kappa (B, [RFEA SCHT Y
LWT-CSP s Lt i Fil DWT-CSP [ J7 ik Bufs 7 5 44
HIROR
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Table 1 Classification accuracy of motor imagery %

i LWT-CSP CSp AR LWT DWT DWT-CSP FBCSP
Bl 69.4 65.6 62.5 65.63 68.8 66.9 68.1
P2 70.5 68.5 71.5 70.0 67.5 68.5 69.0
A3 72.0 65.5 66.5 67.5 65.0 70.5 74.0
k4 76.0 73.5 68.0 72.5 72.5 76.5 74.5
anw 91.0 90.0 85.0 715 75.0 89.0 88.5
plide 82.0 78.5 725 75.0 775 78.5 80.5
ianw) 70.0 67.0 65.0 65.0 62.5 70.0 69.0
P8 84.5 82.5 775 72.5 7.5 83.0 85.5
#1149 73.0 70.0 69.0 67.5 65.0 70.5 72.0

RN RS 76.5 73.5 70.8 70.3 69.6 74.8 75.7

%2 KappafE

Table 2 Kappa value

B LWT-CSP CSP AR LWT DWT DWT-CSP FBCSP
g 0.39 0.30 0.26 0.33 0.39 0.34 0.36
2 0.40 0.36 0.42 0.40 0.38 0.37 0.38
PR3 0.44 0.31 0.33 0.37 0.30 0.41 0.47
B4 0.51 0.47 0.35 0.45 0.46 0.53 0.49
w5 0.82 0.80 0.69 0.54 0.50 0.78 0.77
w6 0.64 0.57 0.45 0.50 0.55 0.57 0.59
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B LWT-CSP CSp AR LWT DWT DWT-CSP FBCSP
k7 0.40 0.34 0.29 0.33 0.30 0.40 0.38
#iA8 0.69 0.65 0.54 0.45 0.45 0.66 0.71
P9 0.45 0.40 0.37 0.35 0.30 0.41 0.43
- {E 0.53 0.47 0.41 0.41 0.40 0.50 0.51
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HABBIX A TR g AT IR i 22 FHANK, T BT 4 FN
9 B IRy Fl IR jigne 22 BHIE Ko A S B i A, w)
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Table 3 Online classification accuracy of motor im-

agery %
Pk IR ot IR ight T
i1 65.0 60.0 62.5
Bix2 65.0 60.0 62.5
A3 65.0 65.0 65.0
#i4 10.0 90.0 50.0
BiS 100.0 87.5 93.8
w6 77.5 72.5 75.0
iR7 62.5 60.0 61.2
i3 95.0 95.0 95.0
#iR9 100.0 10.0 55.0

MR R B 7 2R AR AR 4 B, RA #0 6
FIH 9 A MR L MERR A< LA 22, HoR Bl IR

HERRAAE 90% L I, #Fiak 3 H 2= AT LA ] 100%.
FE 2R S ok AR e B, HR R TR M A R RT D i
S ) IR A5 3 R B2 B v, 7R SE 5 T IR 0 I
TR AN 38 N B AN BRI IR 1 ) B A A, &
ST 0T A TR F v A R A, E R WA R
B AR T2 IR 7 B RA R, HIR R o A R P 4R
F, BT 100%.

x4 REELERE

Table 4 Online accuracy of the electrooculogram %

Bl KR LK R A T
w1 90 90 90
B2 95 100 97.5
113 100 100 100
#ii4 100 90 95
IS 95 100 97.5
w16 80 90 85
iR 7 100 90 95
#EiA8 90 100 95
B9 80 80 80
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UG A o A2 48 A, BT B L

DR ZE e S A e i — 2, IR 5l ik —
e T84 Ml — U F-4i8 4 1] 21 1 5 22 i g AR

Mowﬁst%M& AR 22 F Ak, il alh

MEH T, T MU E I )N 3 25 9838 77 ) B
ihAﬁ%kﬁ W22 F-45 4 Bt Be [l 21 H 4 i
ARFS . 5 8 #7E 2 B4R A A5 IR B i T I

B BPIRAS, BUIHTESS 2 YOk R IER TR 4, O
I SE L H EIREG IR,
RS5 EITRENHMEIRIAANANE
Table 5 Number of instruction sendings and error recog-
nitions
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