(IARAL S S ST ) 2026 445 32 345 2 1] 15

EFXIRE-

ETERERSHBIINENERE MEESIREMNIEBE&EM

EBFERR

r

sl WA XBEG W

(l.HABHAH ARER a AAERPEHL T FO; b AAZIFZJRK; o 23R, KV 410007;
2. kiR R AR E A —AF, K 410007 )

[(HE] B EAXFREEERR T ARARHE TN KBTS CAFENRECR AWM HEMBEESAE
AEF G ZERELEAAERNBRERF TR A A ECAREENCE S BT ELATWHEAZ NEEFREN
W RREYEENAR Lok Z G E B4R T F 7 542 A 2 #(symplectic sparsest mode decomposition, SSMD )77
BRI EERMBFINARTE XA EAGC T HEWSEE) BN AR R ERA G ENREBFILARF
HAMB B ELER NTRARFREREEN ER R REURBETATF ARV ER NTHERFL2MERE
HEMWIEZ A EM LR 04 R KA, MR F LT H A 2 #(symplectic geometry mode decomposition, SGMD ).,
T o HE S 4 ##( variational mode decomposition, VMD )1 & #h & & % 5 # A& 4 #( complementary ensemble empirical mode
decomposition, CEEMD )77 # , SSMD . % /i # 41 ¢ 47 A i & 2 8 # 2 EEG 15 & A IR v 4 78 2 % JF R A0 A1 42 & % EEG 5
5 % A SSMD 77 i [ " 5 By 4 4 £ RE A BB composite multi-scale fuzzy entropy, CMFE )14 4~ it 2 X 4 0.14, 48 % H fts
TEmE HBEERHEEENR RERER FERETHED,

[X@R] Mo E5 Rl FREMI 2 RABERE T, FILAKAL ;04

(FESES] TNOILT [ x#k#RiRF] A [DOI] 10.11876/mimt202602003

Research on an adaptive removal method for electrooculogram artifacts in electroencephalogram

signals of depression patients based on symplectic sparse mode decomposition

Zhang Wei', Tu Wei'®", Deng Guojin’, Dai Jinjun’

(1. a. Traditional Chinese Medicine Diagnosis and Treatment Center for Mental Disorders; b. Department 3 of Neurosurgery; c.
Nursing Department, the Second People’s Hospital of Hunan Province, Changsha 410007, China; 2. Department of Psychiatry I,
Wangcheng District Psychiatric Hospital, Changsha 410007, China)

[ Abstract] The electroencephalogram (EEG) signals of patients with depression reflect the discharge activities of neurons
within the brain and contain abundant pathological information. However, the weak EEG signals are prone to be interfered by eye—
electrical noise caused by physiological behaviors such as blinking during acquisition. To address the problem that the traditional
adaptive signal decomposition methods have insufficient physical meaning and lack robustness when applied to the removal of
electrooculography artifacts from the EEG signals of patients with depression, the symplectic sparsest mode decomposition (SSMD)
method is proposed. This method first constructs a symplectic geometric atom library and evaluates the effectiveness of each initial

single component using an energy threshold. Then, an adaptive filter is used to initialize the adaptive denoising of the symplectic
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geometric atoms, thereby improving the atom quality and the robustness of the algorithm. Finally, with the local narrowband operator

as the optimization objective, the decomposition results have better physical meaning. Simulation and experimental analysis results

show that compared with the symplectic geometry mode decomposition (SGMD), variational mode decomposition (VMD), and

complementary ensemble empirical mode decomposition (CEEMD) methods, SSMD can more accurately separate the effective EEG

information and electrooculography artifacts of patients with depression. The quartile difference of the composite multi-scale fuzzy

entropy (CMFE) of the EEG signals of patients with depression after noise reduction using the SSMD method is only 0.14, which has

a lower data dispersion, stronger aggregation, and less signal mutation interference compared to other methods.
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