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Electroencephalogram complexity analysis based on amplitude-period two-dimensional distri-
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Abstract: Objective To improve the shortcoming of traditional symbolic entropy method that could only carry out calculation
in the one-dimensional space of amplitude or amplitude-period by proposing a two-dimensional oscillate entropy (D2En) method
that could describe the electroencephalogram (EEG) complexity in amplitude-period two-dimensional space. Methods The
amplitude and period symbol sequence were combined to an amplitude-period two-dimensional sequence which contained both
amplitude information and period information. According to the probability distribution of the oscillation in amplitude-period
two-dimensional space, the Shannon entropy of the vibration time series was calculated. And a new method was proposed to
choose the segmentation parameters of the amplitude-period space. The parameters that made the change of D2En and was in
the threshold value were chosen as the segmentation values for D2En calculation. Results Simulation experiment and depression
EEG analysis showed the D2En effectively reflected the complexity of the time series. In alpha band of EEG signal, D2En of
depression group at the parietal and occipital regions were significantly higher than that of control group. Conclusion D2En can
effectively reflect the complexity of the sub-band EEG signals, with some practical value.

Key words: amplitude-period; two-dimensional oscillate entropy; electroencephalogram complexity; segmentation parameter;
depression
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| Extract the extremum sequence and the extremum time sequence |
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| Construct the two-dimensional oscillation sequence |
0={(ah).ck)) |

| Divide the two-dimensional oscillation space into equal sections |

!

| Compute the probability matrix of oscillation space |

P={p(uv)}

I Compute the two-dimensional oscillation entropy |

D2En
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Fig. 1 Algorithm structure of two—dimensional oscillation entropy
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Fig.2 Algorithm structure of threshold determinate method

forchoosing segmentation parameters
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Fig.3 Difference of D2En between two groups of simulation signals
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Tab.1 Segmentation parameters and D2En difference values when
D2En reached stable state

Item S2-S1 S3-S1  S4-S1  S3-S2  S4-S2  S4-S3
Ka value 3 4 5 4 5 5
Ke value & 4 5 4 5 5
D2En

. 0.805 1374 1807 0569 1.002 0.433
difference
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Tab.2 Segmentation parameter values of EEG signals calculated

by threshold determinate method

Theta Alpha Beta
Item
Ka Kc Ka Kc Ka Ke
Minimum 6 2 7 2 7 2
Maximum 12 12 12 12 12 11
Mean 10.294  6.042 9.813 7.877 9.617 7.852
Std 0.850 3.631 0.894 2.896 0.827 2.492

4.00 418 4.00 418 -4.52

a: Depression b: Healthy control

group group

452

c: t value between

Ph Ka F1 Ke {H 15 K1E 240, 115 D2En fH,
XA AR S 2 AT BEZH 08 Y D2En {8 HE 4T B X t K
5, I SPSS 20.0 F A ATE MR 0 HT .t g4 K W
1 Theta 591 Bt , W4 41 fini B8 8 2 D2En {E AN A POz i &
FIH 2 22 5 (P<0.05) , HAWARAEZL D2En {f i
e TN B2 5 7E Alpha Bz, 1R 28 ki F U 19 D2En B
TEAE 2% 22 S s # f32  ly - C3.CP1,CP3,CP5,
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0z.02(P<0.05) , H ¥ B Ry HARIE 21 i 1% B4
1 Beta 5 Bt , 19 2 i FEL U T 76 45 H A A 34 O I 35 2
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d: Distribution of electrode points

healthy and control
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Fig.4 Comparison of D2En between depression and healthy control groups in alpha band EEG
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