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Attention Detection Based on Symmetrical Dual-channel EEG Signals

QIU Li-Na, WU Qian, YAO Jia-Nan, YE Xiao-Qian, QIU Yu-Xin, ZHENG Ying-Shi, HUANG Ming, PAN Jia-Hui
(School of Software, South China Normal University, Foshan 528225, China)

Abstract: Lack of concentration is an attention disorder that is common among teenagers, and it directly affects people’s
learning and work efficiency. Most of the traditional attention detection methods rely on the observation of expressions,
postures, and other behaviors and fail to objectively and accurately reflect attention states. Amid the rapid development of
physiological detection technology, attention detection based on electroencephalography (EEG) signals has received
considerable attention recently. However, related studies still have the problem of low-detection accuracy. In this study,
the EEG signals of 155 college students in the three states of being focused, distracted, and relaxed are collected, and the
three attention states are identified by various machine learning methods on the basis of the wavelet features, differential
entropy features and power spectrum-features.of the signals. The results show that these features of EEG signals can
effectively distinguish the attqntion states of the subjects. The average accuracy of the detection method based on
symmetrical dual-channel features is (80.84+3)%, and the detection precision of this method is significantly higher than
that of the method based on single-channel features.

Key words: attention detection; EEG signal; symmetrical dual-channel; random forest; machine learning
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EREED (L) EE AR (ZEIFER A
F15) MRS BHSIRE). R RS, 1t
AT R S5 Ik, Jf 2 LA AD (K 4505 B AL 4 ) 5
7, BORBOREAT I 3 #0 SRR, JRE R R
R i, R T OSESh. R R AR E TS,
TERARER AL, NEF), VER A AT, W DL
PEAE—EHRET A — 3, /TR E O
2, THIBh, FAelUAEE . AT AR 55, s
FTUARS R AR, /N B2 35 2, DR B 2 RS, B4EA

ferh . BAMES FHET 10 K, BIK 1 min, FAE0R
4T 30 MES L, P BEAL, B4 30 min.
LEGYE U 2 Ars.

/—%

ER S (SR AR P BUR)

B2 s

i

2
5
5

%

24 HIEIE
241 HAEwALE '

Jibi FRLA 2 B A6 SR RESB 2 1 000 Hz, D9 T 7 {8
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Oy R RGBS 5 AN ELZ M R A U SRR AT 4 2RI
B e FH I 2582 5 7 RS A — Rk SRR, 8 7 P SR
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K, WHNAE T, IARSS 0 MR T 0 R M AL
EFBAR A 45, TR BIAL R FFE K, U5
HEAT B 5 4 S 5 . \\
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3 TR AT RS B S 4 b

R SC, AT BRI AT T T A N K R XU T
FAO B PR G S 2 R, B 5 8 04 %5, T
FAEE TS TR B X 2. AT FEEFRIL T EEG %
JEIE ) PSD FFAE DE FRAEF/NBERRAE, FE28 T ix dt
FRIEE AR T 6 Miblas 2 S Ek T 028, R
ERARAR, BEHLARAK, AL, K D4R SHE, SCR AL
238 SVM ik S

RNIEIRT 6 Fli R & 1 MaEE T
2810 a2 rp ) 3 T % B R AR ) A T XA R
HEE 1 LA, £ EEG B8 ¥R E (PSD.
DE F/INJERFAIE) S50 A7 SEIU FA T SE 56 A MR = 1 4R
AAEE RS FIX 5, HSANETE R K RO E
ZE), P EIUER R (6 M 2KE%) 1E 68.74%71.39%. 1E
1 F B 5 24 v, R AR PRANBE HLAR AR 1 7 2 P R
AT 5, A 3 P HER A 76.48% F1 76.43%.
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F 2N 6 Pl RERAETEZ IR RIS T (1) 4 K,
BT 8 XA A X AR EEG 3818 3R B e i 2 A 2R
M3 2 W] DLFE W, B I I8 X 0T Y R T
73% LA, 177 25 T AR R I Bl ATLAR A 1) 23 2H HE 1 2 d

B, 2NN 83.09% A 82.44%. RELEE 1 AIEE 2 45,
JF DU E [ HER R L R IE I TR L, A
e A T BRSO T8 R E S Bh TR i R ST vs.
R IR FAT S 10 7 KRG .

R 155 gkt T HIEIE EEG FHEXTEIE R IR T vs iR/ ARE KT 270 FHEF R (%)

pliibCS Cascade forest Random forest Perceptron K neighbors SVM Decision tree Mean
Fpl 76.21 76.54 61.51 69.47 71.42 68.24 70.56
Fp2 76.57 76.59 62.25 71.04 71.81 70.11 71.39
F7 77.31 76.41 60.16 68.21 71.32 68.91 70.39
F3 76.09 76.23 58.77 67.18 69.53 v 68‘;?2 69.45
Fz 75.37 75.02 59.02 65.42 68.13 163.46 68.57
F4 76.10 76.20 60.26 66.99 69.04 69.48 69.68
F8 76.82 76.86 61.05 69.02 A 70.57 69.70 70.67
FT7 77.25 77.10 59.34 67.96 70.22 69.32 70.20
FC3 76.18 76.42 59.47 66.32 68.86 69.70 69.49
FCz 75.58 76.08 59.13 66.03 68.99 68.10 68.98
FC4 76.44 76.31 58.85 66.03 68.56 69.06 69.21
T3 76.62 76.85 & 58.62 66.43 69.29 69.00 69.47
C3 76.14 , 7597 58.35 65.96 68.90 68.86 69.03
Cz 75.91 3 75.94 59.34 65.48 68.51 68.54 68.95
Cc4 75.76 ‘ 75.64 58.85 66.06 68.42 69.22 68.99
T4 77.23 77.37 59.12 67.91 69.39 70.13 70.19
CP3 75.61 75.37 58.40 65.77 68.95 68.36 68.74
CPz 76.54 76.44 59.76 66.08 68.94 69.09 69.48
CP4 76.64 76.33 58.27 66.20 68.58 69.43 69.24
Pz 76.82 76.63 60.09 66.98 69.94 69.18 69.94
Oz 77.53 77.70 59.57 67.65 69.56 69.86 70.31
FT8 77.79 77.49 59.11 68.32 70.04 70.28 70.51
Mean 76.48 76.43 59.51 67.11 69.50 69.18 69.70
B
F2 155 AHRIE TR FRRGEIE EEG FRAEXHE R SR vs. VERE 7R T IR 38 1) 2K HEH R (%)

pGRER) Cascade forest Random forest Perceptron K neighbors ~_SVM Decision tree Mean
Fpl/Fp2 81.38 80.93 66.49 L7324 - 74.83 72.83 74.95
F7/F8 83.05 82.44 65.18 71.58 74.30 74.19 75.12
F3/F4 81.65 80.87 64.39 69.44 72.25 72.82 73.57
FT7/FT8 83.73 83.15 64.88 71.16 73.40 75.04 75.23
FC3/FC4 83.62 82.89 " _ 65.07 70.46 73.15 74.09 74.88
T3/T4 83.85 8312 63.96 70.87 73.48 75.10 75.06
C3/C4 83.99 » " 83.54 63.92 71.23 73.39 74.69 75.13
CP3/CP4 83.50 . 82.61 65.79 70.85 73.21 74.19 75.02
Mean 783.09 82.44 64.96 71.10 73.50 74.12 74.87

Hef B TE N R TSR AR AR SRS 1 7 SR R
W3 3 P, BATATLAE F, 6 Fhoy K ds 5L T R iE TG Ry
TERIF S HERA FIILE 69% L L, Horh ZRERAR MR AN BEAL
AR 73 SRR e e 0. 3 IE 2 18] i) 70 2845 RIS & %
G e T e A RS TR LI T R T B P TR BIR A
TPREIRWIER 4 Fros. XFERE R H AR ERER
I3, e U IE ) A 3 A L R IE K 24 T de v,
KX XS RRIEIE AL 6 A7 AT B R R 2 4E 70%

6 LR -Z5iR Special Issue

A . G IR AR AN BEATLAR PR IR AE B 22 4E 83% DA L.
TETE T 2 B P HER R A .

FEVE R )6 5 = 77 AR S i AR IR 25 19 43
Z5 e, i T H 38 T A BR BUE TE 1 4 28 45 R 43 il
F 5 K 6 Fion. 6 T 7y J 48 5 T B 38 FRAE 1) °F 3
HET R I AE 69% LA, FLlIE (7] () v R E W B 2=
Sl A X B BUE B TE 6 o 2 3% 1P S HE R
78.64%—80.31%, 6 Pl 4> IS 248 3KAF (1) 1HE Ay Z2 1 LU FR il
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A Pt BAh, ZOBCAR MR AN BE AL AR AR AE 3 T Bl TR EIAE T6% UL L, 3 T X508 38 i) #E i 2 4 1E 83%
T MTUUH T8 70 28 P 2 R B R AR, 2k T AL A HE PLE.
R3O 155 frffikIE T IEIE EEG RHIEXTETE R IR vs., MRS KT 170 UET R (%)
JEIE Cascade forest Random forest Perceptron K neighbors SVM Decision tree Mean
Fpl 77.98 78.14 65.09 72.98 75.08 70.64 73.32
Fp2 78.17 77.98 64.97 72.46 75.46 69.89 73.15
F7 78.58 78.39 66.95 73.12 75.32 70.52 73.81
F3 79.31 79.28 64.61 72.34 75.18 70.94 73.61
Fz 79.16 78.80 64.78 71.79 74.64 70.30 73.25
F4 79.67 79.52 66.09 72.59 74.88 71.11 73.98
F8 79.16 78.98 66.16 73.18 75.06 % 70352 73.84
FT7 79.51 79.00 66.02 72.69 74.98 71.60 73.97
FC3 79.19 79.21 64.42 71.69 P, 75.12 71.62 73.54
FCz 79.32 79.27 64.56 4y 74.91 71.09 73.43
FC4 79.59 79.41 65.55 ’ 71.58 74.52 70.36 73.50
FT8 80.29 80.04 66.56 "‘g. 73.25 75.63 72.11 74.64
T3 79.81 79.80 66:23 72.79 75.47 71.97 74.34
C3 79.12 78.76 65.71 71.80 74.74 71.14 73.54
Cz 79.87 79.70 - 65.34 71.71 74.83 71.89 73.89
C4 79.75 1 79142 65.65 72.47 74.42 71.57 73.88
T4 80.52 g ¥ 80.16 65.25 73.59 75.35 72.67 74.59
CP3 7943 | 79.41 65.33 72.13 75.41 71.65 73.89
CPz 80.06 80.06 65.32 71.85 75.45 71.81 74.09
CP4 79.83 79.72 64.98 71.46 75.09 71.37 73.74
Pz 79.75 79.68 65.19 7291 74.64 71.86 74.00
Oz 79.87 79.85 65.92 73.39 75.717 71.90 74.45
Mean 79.45 79.30 65.49 72.42 75.09 71.30 73.84
#4155 AR EE T X FRIGETE EEG FHEXVER /)8 vs. AR F-38 03 KHERH % (%)
HIE X Cascade forest Random forest Perceptron K neighbors SVM Decision tree Mean
Fpl/Fp2 82.27 81.62 68.10 75.31 77.56 £ 72.99 76.31
F7/F8 83.25 82.79 68.90 75.64 7177 74.61 77.16
F3/F4 83.08 82.55 67.61 74.:14 “." _.76.67 74.54 76.48
FT7/FT8 84.42 83.44 69.48 \ 17494 77.76 74.94 77.50
FC3/FC4 83.66 83.59 68.90 \ 75.30 78.01 74.29 77.29
T3/T4 85.04 84.90 WO - . 75.88 78.60 75.717 78.28
C3/C4 85.41 84.89 70.13 77.18 78.60 76.33 78.76
CP3/CP4 84.85 84.13 69.48 75.10 77.91 75.83 77.89
Mean 84.00 8349 69.01 75.47 77.86 74.91 77.46

El

M 5(a) Fias, fEXHE S S4Ed vs, % 73R4

AEAINBRS

fiE, SEFH T 6 AL 27 o) SR RE R 4R

L VER ET vs AR AR vs. A IX
3 FCIRAS 1 0 2 b, FRAT R I T R O T 11 7
L HIEIE N . AE 3 th%\%q:, HE AT
vs. SRR 1) 53 A %t v T L, ZEBRATTAE 1% 6 Fh
BLER 21 oy K2k, ﬁﬂa&%ﬁ%ﬁﬂﬁ%ﬁ%‘;ﬂé&&%
I, Wil 5(b) PR,

4 SEIGEERTS

A HT EEG #%#iE(E 5/ PSD $-1E. DE %

HORES, EE AR PREIREREET T 02K, IF
Xof b Y7 T B3 T M X O 3 i R R ALE PRV R R
IG5 R FATHI G5 RBR, F T 6 LA 5 AN BCRFE,
T R I D ZR R RFAE 2 T R X R T =
KA, 6 FIHLES S > 70 R85 10 7 FEHERG R I LE 70% LA
bR R R RRE, EE AR RS AR E
RS B 0 AR A WS 22 5. T L, AT A T3 0
PR U3 TE AR I ARG A P52 B A8 v T T PRI TE R AE 14
IR JEE, XU B 45 5 A i R U T8 (1 10 FL Ry
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A B T4 i R 0 (0 73 S HEf 2. v, ZRIBRAR AR A
B BLAR PR 10 73 SR HE R R foe e, P 4E 80% DA B kAR
PO HE S B BUR, SUE /MBI Zhth RE TR B s 4T, H
EHIT AT AR B B TR BENLARMO AR 2 it

FRIVRLF ARG RETA . REIGR I Ab B
SEHE HA 5y JAT AL, S a7 5. 3K T g e 5
Bl KA SCRF i EHL > JEG AR SR AR B,
ZRBARMAT AL AR A B AR 2 (1 S A

5 155 frpal kT Bl EEG RHEXFEVER AR vs. ARE B E 20 RUERI R (%)
pliibCS Cascade forest Random forest Perceptron K neighbors SVM Decision tree Mean
Fpl 80.63 80.62 67.72 76.02 78.05 72.82 75.98
Fp2 81.34 81.04 69.26 76.30 78.45 72.99 76.56
F7 82.25 82.11 70.26 76.87 79.55 73.60 77.44
F3 81.64 81.43 68.80 75.49 77.46 B 73"1?4 76.36
Fz 80.88 80.71 65.66 73.57 76.75 172.88 75.07
F4 81.38 80.97 68.28 74.51 76.99 73.05 75.86
F8 81.81 81.34 68.59 76.22 A 78.53 73.65 76.69
FT7 82.11 82.38 69.83 76.11 79.32 73.48 77.21
FC3 81.35 81.52 67.82 L : 75.14 77.75 72.92 76.08
FCz 80.70 80.57 67.45 . 73.92 77.18 72.03 75.31
FC4 81.17 80.90 66.43 74.23 77.35 72.54 75.44
FT8 82.31 82.24 69.28 75.77 78.29 74.19 77.01
T3 82.82 , 82126 68.51 75.77 78.52 74.35 77.04
C3 81.67 81.17 67.39 74.21 77.69 72.08 75.70
Cz 81.57 ‘ 81.24 67.77 74.25 77.20 72.96 75.83
Cc4 80.83 80.91 68.00 75.06 77.62 72.87 75.88
T4 81.71 81.44 66.13 75.23 77.19 73.59 75.88
CP3 81.06 81.17 67.05 74.22 77.43 72.95 75.65
CPz 81.48 81.16 67.66 74.43 77.49 73.58 75.97
CP4 81.47 81.31 67.70 75.09 77.69 73.65 76.15
Pz 81.48 81.14 67.96 75.39 77.79 72.59 76.06
Oz 82.40 81.94 68.88 76.16 79.11 73.87 77.06
Mean 81.51 81.32 67.98 75.13 77.82 73.15 76.15
B
F 6 155 sl T X FROGETE EEG R AEXTE R 7R vs. (R B -4 7 R HE R (%)

SGRER] Cascade forest Random forest Perceptron K neighbors SVM Decision tree Mean
Fpl/Fp2 84.34 84.02 71.74 L7784 - 80.36 75.61 78.98
F7/F8 86.20 85.68 73.56 | 77.86 81.81 76.65 80.29
F3/F4 84.99 84.47 70.43 . 77.45 79.34 75.15 78.64
FT7/FT8 85.79 85.14 7225 78.49 80.88 76.76 79.88
FC3/FC4 86.25 85.51" _ 72.64 79.08 81.73 76.65 80.31
T3/T4 87.04 L 86.11 73.52 78.96 81.72 77.27 80.77
C3/C4 86.27 " 85.81 70.77 78.15 80.47 76.79 79.71
CP3/CP4 85.77 . 84.96 73.01 78.11 80.90 76.13 79.81
Mean 785.83 85.21 72.24 78.24 80.90 76.38 79.80

— M, A B 2 3 AT e I SR AT R
Bl 42 S R I 0 B 2R, (RIS A SR BE KW R
J i 2 T/ R i FERS I R AN BT B A
FEA, T H X B 5 £ BN A A I B, 75 8 K At
H 1R 2 H0E = R It 7T 4 2 B T Bl iE B 2 Nl
TE i FELAE 5 1, 0 A A A RO o S R
6 1) B A2 F R0 Fpl A2 i P 3 3 000 i
TE AR, TERT Fpl HUEIE M EE RN, Lin %A

8 TR +Z5iR Special Issue

X} S i R R R D AR AR AR S R B
i SVM k13X 24 4 %A 1P 3 70 BRAEH RN
76.82%""; Aziz 25 N ELM WHERE P RER
FIANEE v B BOIR 25 AT IR, 15 30 F 3 HE R N
72.10%"). Peng & NI B o K1 B i (AT HE TR %
H1E R SVM @, 3R15X) 20 B S 5#F IR
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