
Epileptic seizure prediction from eigen-wavelet multivariate self-similarity
analysis of multi-channel EEG signals

Charles-Gérard Lucas1, Patrice Abry1, Herwig Wendt2, Gustavo Didier3

1 ENSL, CNRS, Laboratoire de physique, F-69342 Lyon, France, firstname.lastname@ens-lyon.fr
2 IRIT, Univ. Toulouse, CNRS, Toulouse, France, herwig.wendt@irit.fr

3 Math. Dept., Tulane University, New Orleans, USA, gdidier@tulane.edu

Goal
Detection of preictal states from scale-free

analysis of multi-channel scalp EEG recordings

Method
Eigen-wavelet estimation of multivariate

self-similarity parameter vector

H = (H1, . . . , HM)

Results
Improved classification performance

compared to univariate and classical

multivariate analyses

Goal and data
Epileptic seizure prediction (binary classification)

- preictal state: period occuring few minutes before an epileptic seizure
- interictal state: period far in time from an epileptic seizure

Multi-channel EEG data

Used pairs of electrodes

Description
- CHB-MIT Scalp EEG database:
https://physionet.org/content/chbmit/

- 23 pediatric subjects

- 19 channels sampled at 256Hz

Analysis
- 2-minute windows

- subjects with at least 110 interictal

and 10 preictal windows

⇒ 8 subjects

Multivariate self-similarity
Model [Didier and Pipiras, 2011]

Univariate self-similarity

H = 0.1
H = 0 1

H = 0.1
H = 0.1 H = 0

BHm
(t) characterized by

0 < Hm < 1

Multivariate self-similarity

Multivariate self-similarity exponents: H = (H1, . . . , HM)

Estimation

1. Multivariate wavelet transform of Y = WBH,Σ

with DYm(2j, k) = 〈Ym(t)|ψj,k(t)〉 , ψj,k(t) = 2−j/2ψ0(2
−jt− k)

2. Wavelet spectrum: S(2j) = 1
nj

nj∑
k=1

D(2j, k)D(2j, k)T

�

Linear regressions [Wendt et al., 2017]:

Univariate estimation

ĤU
m =

1

2

j2∑
j=j1

ωj log2Sm,m(2j)− 1

2

Classical multivariate estimation

Ĥm,m′ =
1

2

j2∑
j=j1

ωj log2 |Sm,m′(2j)| −
1

2

3. Eigenvalues of S(2j): λ1(2
j), . . . , λM(2j) [Abry and Didier, 2018]

�

asymptotic power law: λm(2j) ∼
j→+∞

ξm 2j(2Hm+1)

4. Multivariate estimation: ĤM
m =

1

2

j2∑
j=j1

ωj log2 λm(2j) − 1

2

�

bias correction of ĤM
m proposed in [Lucas et al., 2021]: λm(2j)→ λ̄m(2j)
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Detection of preictal states
Wavelet analysis scales: 2j1 = 21 – 2j2 = 24 (frequencies: 10 – 85Hz)

Single-window analysis (Subject 5)
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→ power law behavior

across analysis scales

Distributions of self-similarity parameter estimates

- Per-subject analysis

- Estimates across interictal windows and preictal windows

Univariate estimates
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Multivariate estimates

1 10 19

1 10 19

→ difference between preictal and interictal estimate distributions

→ difference between interictal estimate distributions of different subjects

Test procedure

ROC curves
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+M univariate

estimates ĤU
m

∆M(M + 1)/2

classical

multivariate

estimates Ĥm,m′

oM multivariate

estimates ĤM
m

→ ĤM
m outperforms ĤU

m

→ ĤM
m close to Ĥm,m′ but sometimes significantly better
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