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Fig. 1. The recogitionrate of epilepsy electroen-
cephalography.
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Fig. 2. The characteristics of Butterworth digital low-
pass filter.

B8 B 3% 56 i H 300 FO5 1, 8 v mir A E o s
AR B P 3 B, A B 3 (a) 9B HT IR,
K3 (b) NIE G . HE 3 A LA, LK
WP G, WHRES R EE SRR AR
JERR.

200 (a)
100 1
4 |
E O
—100 1
—200 1
0 5 10 15 20
I}1a] /s
200 " " " "
(b)
100 | 1
0 |
g
\ueﬂ
—100 | 1
—200 | 1
—300 5 5 10 15 20
) /s

B3 IR IE S 1 R
(b) T B

Fig. 3. Comparison of (a) pre-filtering waveform and

(a) VE AT ¥ E;

(b) post-filtering waveform.

128701-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 128701

3.3 HFEiREL

/NS A D) S — e A i T 1
IR R AT A (RIS ) A0 550 4 5 0 T e 3% ) fA) e 450 s
AL ATk, FEREAT /AN R R R, AT
SRS 5 BEAT 20 i, X iy DS 5 A F S8 Mt 0
fige, SXh I3 PR T A A AR O3 R B AR [ 1 KT
/N, 200 AU EAT B FUIN, ARSI I
SR > AT BHERR . O TR AN [, N
Syl T RE T A B AN OO ARSI 43 HEAT 43 A,
X FRi A TS 73 [ A A0 S Tt A 2 F) 70 e, T L/ N o0
PR BE AR AR5 5 AR5 AN O b SR 1 3 S e 5 A L
Pty 505 5 BUEARULED, A2 — M EE /N o i 52 D RS

>

) 3 i 5.

ST /NP 3 i AT DK AE 5 MR — B I
e BB A I AR 1 1R /N B AR B T/ B AR
KA BRI RE L EARBL T A5 5 RFAE, AR SCHE
LA 5 BEAT DU 2 /N A5 B R BOERE, X &
AR B R BOERE SR B XHEM T 2 — K&
ANBALRE R MAE SR T I 2 RN
BT HIRFIE R, AT LS 5 20 ) BE AL B
— M A T, AR AR AR [ B R 1 g, S
F1, Q1—Q16 A&/t 7 il A B4 X E A T
Z, QUTEMR BT T H 73 22—, QI8 /N
B, BT A o R B DU RN B, AFAE SR AR I T 2
5.044 s.

R RA/NBESEEUGRN NG S S RHIE A
Table 1. The feature vector of epilepsy electroencephalography extracted by wavelet packet.

£ e Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9

A 7069 31.4519 154106 82374  17.0206 1.1776  4.0495  6.4188  6.1892  0.3058
B 0027 53.1410 36.2644  9.8811  33.6503 1.2929 8.6045  7.1675  8.0567  0.3482
C  N052 29.4241 11.7759  3.5610 55027  0.7583 1.5341  1.9668  1.7119  0.1948
D F087 30.7315  7.3649  2.3488 32715  0.5339  1.0226  1.4666  1.0472  0.1382
E  S064 85.3511 52.0179 20.3212 36.8394 3.5676  9.3189  12.3908  13.4400 0.8615
£ T Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18

A 7069  0.9793 15332  1.6090  0.3425  0.9986 1.4791  1.2419  1.0272  1.9074
B 0027 21472 19329  2.2189  0.2409  0.8289 1.5115  1.1742  3.0199  1.9205
C  N052 03661  0.5104 04276  0.1277  0.3400 0.4854  0.4341  0.7226  0.9534
D F087  0.2395  0.3473  0.2363  0.0776  0.2192 0.3806  0.2819  0.5468  0.5500
E  S064 22435  3.1209  3.4006  0.6993  2.0552 3.3308  2.5708  7.7833  1.8422
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Fig. 4. (color online) The identification results.
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Table 2. The results of optimized algorithm at different times.

BATIREL

1 5 20 100 200
TR 2 /% 96.67 96.67 96.17 96.09 96.10
IEFRAE /% 100.00 99.73 99.50 99.51 99.50
ST /s 15.540 111.811 347.572 2012.502 4567.607
FREPE AT E /s 15.540 22.362 17.378 20.125 22.838
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Table 3. The results of original algorithm at different times.
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1 5 20 100 200
PR IR 52 /% 93.33 76.00 76.17 71.50 66.37
EFRAZE /% 100.00 79.33 79.67 74.61 68.68
BEATINT) /s 8.899 34.594 133.790 681.561 1452.624
“PRJIE 4TI IE /s 8.899 6.919 6.690 6.816 7.263
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Fig. 5. (color online) The recognition rates with dif-
ferent parameters: (a) T (b) «; (c) B.
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Abstract

Automatic recognition of epilepsy electroencephalography (EEG) signal has become a research focus because of its
high efficiency, and many algorithms have been put forward to achieve it. As one of the classic algorithms of boosting
algorithm, AdaBoost algorithm has been widely used in face detection and target tracking fields, but the algorithm also
has a disadvantage that is its degradation. In order to solve this problem, this paper puts forward three measures to
optimize the algorithm by filtering the weak classifiers whose recognition rates are low, introducing the smoothing factor
and a weighted correction function. In order to verify the robustness of optimized algorithm, we choose three main
parameters, i.e., the number of weak classifier, which is denoted by T'; the base of logarithmic function, which is denoted
by «; the threshold of weight, which is denoted by . The experimental results of optimized AdaBoost show that it has
good robustness and high recognition rate.

In this paper, we divide the whole process into three steps. The first step is to use the Butterworth digital low-pass
filter in which the cutoff frequency of pass band is 40 Hz to filter noise whose frequency is above 40 Hz. The second
step is to do feature extraction with the help of wavelet packet decomposition. The third step is to compute the sum
of absolute value which are the wavelet packet coefficients of fourth layer, the wavelet package entropy and the sum
of signal amplitude square and combine them together to form the feature vector of each EEG. Because the wavelet
package entropy is far less than the sum of absolute value and the sum of signal amplitude square, in order to make sure
that the entropy reacts in the third step, we use one thousandth of the sum of absolute wavelet packet coefficients, one
hundredth of the sum of signal amplitude square and the wavelet package entropy as the weighted feature vector. Finally,
we succeed in distinguishing EEGs between epilepsy and normal by using the optimized AdaBoost whose input is the
weighted feature vector. The result shows that the presented method has a high recognition rate, it can identify 96.11%
epilepsy EEGs and 99.51% normal EEGs, thus it provides an effective solution for the correct diagnosis of epilepsy.

Keywords: AdaBoost algorithm, degradation, wavelet packet decomposition, epilepsy electroencephalog-
raphy
PACS: 87.85.—d, 87.85.Ng, 87.15.A— DOI: 10.7498/aps.64.128701
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