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Classification of Electroencephalography Based on BP Neural Network

Optimized By Crossover Operation of Artificial Bee Colonies

Xu Jian, Chen Qiangian’, Liu Xiuping
School of Electronic Information, Xi'an University of Technology, Xi'an, Shaanxi 710048, China

Abstract In order to improve the classification accuracy of EEG signals, a classification method based on an
artificial bee colony algorithm and back propagation (BP) neural network is implemented. In order to improve the
poor global search abilities and sensitivity to initial weights of BP neural networks, the global search factor is used to
enhance an artificial bee colony algorithm search formula, which is proficient in exploration but required further
development. A crossover operation is used to improve the global search capacity of the artificial bee colony
algorithm. This enhanced algorithm is further used to optimize the sensitivity of the BP neural network to initial
weights, enabling classification of EEG signals. The experiment results show that the proposed algorithm produces
a highly accurate EEG signal classification of 91.5% with an accelerated convergence speed.
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Table 2 Performance comparison of three algorithms

Trial function Method Optimal value  Convergence rate /s Mean Standard value
SABC 3.83Xx10°° 900. 9 3.88%x10°° 1.04X10 "
I GABC 0 230.0 8.30x10 " 1.41x10°"
CGABC 0 191.4 5.47X10°"° 0
SABC 0 122.1 0 2.23X10°"
Il GABC 0 23.2 0 0
CGABC 0 15.2 0 0
SABC 1.05X10 " 28.7 5.20X10° " 9.38x10 "
1l GABC 3.10x10"* 17.2 8.03x10 " 5.08x10 "7
CGABC 9.43x10""* 14.3 4.31x10° "% 2.66x10""7
SABC 3.10X10° " 752.3 4.20X10° " 0.98
v GABC 9.10x10""* 22.3 5.45X10° " 0.61
CGABC 1.03x10° " 19.1 8.76x10 " 0.11
K H = ABC KA AL BP #2845 , i £ fe i 0.085 ¢
AR B 07 (A DA 008 A0 1Y I ki 22, = v 28 19 0.084 1\ \ =B ED
44 9 7 25038 I B AN P 5 TR o B8 N, T —CGABC-BP
W 5 TAFE] L CGABCBP AR %D 5o o |
3o R P AR DR T LA BB O A B WL~ 5 0.080
i F R A E ML BP Fl GABCBP M %y 50019}
AT B 0 35 1 B T LA REAS B AR H0IE =  |
R . W1 CGABC BP M2 M % (R ALHERER o076
U LR B "G00 50 10 50 60 70 80 50 100
K Fe A0 B 40 A ASLAEL A0 1 70 5310k N = b o 22 ) lterations

gerp AR IR 22 MR AN 6 BR8N X LS5
H U ZRREAR Ry 1800 4H L R FEAS Sl 200 4H .

ML 6 FT LA 2, 105 25 Mo T, T 45
SRR . CGABC-BP #2845 (1) il I 15¢ 22 JE A P
TR A B RIES, GABC-BP #1 4 W 4% 7% 3l

&5 =l 42 6 2 10 1 14 3 R T 46
Fig. 5 Average fitness curves of three kinds of
neural networks
BT s 6 B O Tl 42 M R B0 ) 000 45 RO R . S
B4 R v LAUEIT , CGABC-BP #1284 m] LA AR 4

212001-6



Wt 5ot R 7o R

—— GABC-BP
-0.8} o CGABC-BP

40 50 60 70 80 90 100

Label
&1 6 R 19 45 1) FU0 152 25 1T 4%

Fig. 6 Prediction error curves of two networks
HKE BP i 22 0 25 9 2% 31 4 Jay g A0 9 RS PR AL
(ERERENOE IR R i
5.4 CGABC-BP W% X it B8 {5 S #1273l
5.4.1 KEENB

¥ g £E i 2008 4F BCI Competition Datasetl,
Horptud® 7 443230 1 I i 2l B — 4 2l 1y
AT A T 2200 3l 1 L R 4R 18 20k 59 4, B
C3 1 C4 3838 80 Hls EAT 92 36, o v BE BIL 2 4% K4
f9 40 %6 .40 26 1 20 Y0 43 S A SR I e A L 3R AR
A AEFEAS , 3R H 12 B 1k 85 .
5.4.2 HiEwdsik

i 0l 2 1) 28 3%k i HL A5 5 HE AT B0 46 1 4 2K
FRAE A HOE A 00 26 a0 A2 17 R8I 2% i
JE R OB MR G 2 R B E L R
b AR [ 00 i o 0 S B S )L S S R
BRI Ry 200, i A B R R BE 9 9 B i Y S 100,

=1 L L L
0 10 20 30

P limit 2 100, & KA 2 R EL (MCND 2 50, # 48
W 28 1) e KU GR Bh 500, 2% 2] R 0. 3, i &
I 465 (1) 25 #6) S 2-7-2, Sigmoid 1 R 3% MR AL, 4
MSE A 8% B &k MSE 9 2 {535/ F 10 " B,
Bk 1 1 35

T RN 7 AR E AT A2, 7
ZZRE A P1L.P2.P3.P4.P5.P6 Fl P7,%f
7 4 3 S B R AT 432 A3 BT ] BP A2
W 2% .GABC-BP il 25 W 2% 1 CGABC-BP #fi £ W) £%
Xof e BE I RE A BOHE HEAT 10 Yoph STk, 52 5 I 25
100 W, R 2= Z Nl 7 Fiow,

10°
107" E
102

107 |

Training error

10 CGABC-BP

1075 1 1 1 1 1 1
0 20 40 60 80 100 120

Iterations
7 SR 4 I R 2

Fig. 7 Training errors of three kinds of neural networks
M 7 W] LLFE I, BP B4 I 2% K fig 1A 3 Pl 4
38R AR IS 9 GABC-BP #i 28 W 48 75 3£ 1% 120
UG AT LAk ) 1A A ROR L 48 9 CGABC-BP #
S 4 AL T 70 WOk R LIk #) T s R, b
GABC-BP #i 2 [0 2 42 & 3 2 £%, o] WL $2 vk B
e N S O O 2 - [ e

Rk 3 R,

F 3 ARE BP Mg M4 a I gr 45 5

Table 3 Training results of different BP neural networks

Neural network Max iterations

Min interations

Average interations Target error

BP 13465
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CGABC-BP 214
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Table 4 Accuracy results of feature classification of different BP neural networks

unit: %

Neural network P1 P2 P3 P4 P5 P6 P7 Average accuracy
BP 81.2 84.5 83.7 85.7 82.4 83.2 82.9 83.4
GABC-BP 86. 3 85.4 88.1 87.3 86. 8 87. 4 84.7 86. 6
CGABC-BP 90.7 89.5 93.9 92.0 91.1 90. 6 92.5 91.5
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