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Fig. 1. Based on the adaptive template method, the
symbolic transfer entropy comparison between adoles-
cent group and adult group under different lead signals
when L = 512. X 3, [ = 16 (the meaning of horizontal
axis: 1: Fpl, Fp2; 2: F3, F4; 3: C3, C4; 4: P3, P4;
5: 01, 02; 6: F7, F8; 7: T3, T4; 8 T5, T6; ste: the

symbolic transfer entropy).
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Fig. 2. Relationship between ste and L. The meaning

P B iste /103
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L =512x 2, ---, 5 represents L = 512 x 5, namely L
is in a range from 512 to 512. X 5.
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Fig. 3. Relationship between ste and [. The mean-
ing of horizontal axis: 3 represents [ = 8, 4 represents
| = 16,---, 6 represents [ = 64. The length of split

small area is from 8 to 64.

H1 &l 3 T LU Y, A [ R AL R P AL T
R i 2 B 20 B4 2 B/ X TR R SR BE 1A
e, BAED = 16 W IA B RAE. M2 i AIE B
TR AL, MEBATBUNX B PSR T = 16.

334 L=512x3,1=160MAMfREEMR
FEPHSFHERFAGHESIEE R

MFE AR “adolescent” 5 “adult” 7 X} >S4k
(100 FLAS 5 7 4 3 B BB K L = 512 x 3. /MK
[ Bt K B 1 = 16 (9 LS 5 SRR 7 4, R x4
ANBF 18] 7 20 43 0l 1R AT 2 T R AR AR S H I8 B
WIERIFF AT, 5 E—seib M, &t —A
A%, BUAS [0 R B TR AR, T B AS T R 51 0 3 B K
L = 512 x 3RS ME, FH4E 10 AR E 11

AR AR A LS. f5ea 73 Al DO A
SN LR R 7 N AR S R R 2 A
REJEAbRHER, S5 R 4 FroR.

0.025
—A—fE4iste ik (adolescent)
—— £ 4iste ik (adult)
0.0207F —o—Kilksteiik (adolescent)
‘2 —— K ikste ik (adult)
2 0015}
- |
o
£ 0.010} %
0.005 % §
0

ado_b adu_b ado_a adu_a

4 53R F AR R 1 3 A ARV A 28 R e A i
HL T /D AR i LI RS R 005 (ado_b A& 18 R FH = AN AEAR
PR E D ER B, adu_ b &R RH ARSIk
FRNFEFE I, ado_a 48K H & ML G5 D E
T, adu_a fEFE R A B I R AR IR A RN L R 06
Fig. 4. Symbolic transfer entropy of adolescent group
and adult group obtained by the basic template
method and the adaptive template method. L =
512x 3,1 = 16, ado_ b represents that the ste of adoles-
cent group is obtained by the basic template method,
adu_ b represents that the ste of adult group is ob-
tained by the basic template method, ado_a repre-
sents that the ste of adolescent group is obtained by
the adaptive template method, adu_ a represents that
the ste of adapt group is obtained by the adaptive
template method.
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Fig. 5. Robustness analysis based on the adaptive
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template method. The noraduste represents normal
adult ste, noradoste represents normal adolenscent ste,
sinaduste represents adult ste with added sin nosie,
sinadoste represents adolenscent ste with added sin
nosie, whiteaduste represents adult ste with added
whitenoise nosie, whiteadoste represents adolenscent

ste with added whitenoise nosie.
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Fig. 6. Comparison between the robustness of the
basic template method and the adaptive template
method.
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Abstract

Electroencephalogram (EEG) is a very weak random signal with complex mechanism, which comprehensively reflects
the activities and the functional states of brain tissue. Due to the weak characteristic of EEG, the traditional basic
template method is a good tool for EEG analysis. In order to further enhance the performance of this method, we
propose a new transfer entropy method based on adaptive template. The method improves the symbolization of time
series based on the original basic template method. Numerical experiments show that the improved adaptive template
method can obtain better dynamic characteristics, and also has better ability to distinguish the results in the analysis of
time series. We use the transfer-entropy-based adaptive template method to analyze adolescent and adult EEG. We also
study the relationship of the transfer-entropy-based adaptive template method to the total data length L and the data
length [ of the divided cells. Numerical results show that the transfer entropy value of adult EEG based on adaptive
template is significantly higher than that of teenager EEG. This indicates that adult has a more significantly mental
activity and the functional status of the brain is more complex. We then apply this method to human EEG signals
and investigate their statistical properties. The results show that compared with the result of the basic method, the
transfer-entropy-based adaptive template method can significantly show the EEG coupling for adolescents and adults
EEG, which has a better discrimination and can better capture dynamic information and the change of the system
dynamic complexity. At the same time, it will be more conducive to clinical diagnosis and provides a new and better

method to judge whether brain is in a pathological state.
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