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Age distribution across sites
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imbalanced in terms of age.
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Age distribution across sites

Site = A Site=B
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are kept (43 subjects removed)
control MCi dementia test control mCi dementia test
label label

Apolline MELLOT - Benoit MALEZIEUX - Cédric ALLAIN




Classification pipeline

Preprocessing:

MNE-BIDS pipeline : https://mne.tools/mne-bids-pipeline/index.html poster IT-75

=> Resampling at 200 Hz
=> Bandpass between 0.1 Hz and 49 Hz
=> 10 second epochs without overlap

Classification pipeline:

) )
Feature vectors: Probability
PS[? features + e L2 regularised vect-ors
covariance tangent LogisticRegression and estimated
vectors classes
N / N /

[Engemann et al. 2020, 2022]
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Features extracted from the Power Spectral Densities:

PSD of the reduced training set averaged on the sensors.
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Features extracted from the Power Spectral Densities:

PSD of the reduced training set averaged on the sensors.
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Features extracted from the Power Spectral Densities:

PSD of the reduced training set averaged on the sensors.
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Features extracted from the Power Spectral Densities:

PSD of the reduced training set averaged on the sensors.
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Features extracted from the Power Spectral Densities:

PSD of the reduced training set averaged on the sensors.
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Feature vectors extracted from covariances:

Prerocessed M/EEG signal: Covariances:
€ 1(t) T 1 T "
n X nxn
.=
n(t)
where n is the number electrodes and T the number of sampled time points
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Feature vectors extracted from covariances:

Definition of frequency bands

Name low 0 0 a Brow [ p high

Range (Hz) 01-1 1-4 4-8 8-15 15-26 26 -35 35-49

=> One covariance matrix per frequency band averaged over all epochs

Pipeline:
Covariance Dimension | Tangent space | Vectorisation Feature
matrices reduction projection vectors
Dimension:  160x160 160x160 -> 120x120 120x120 120x120 -> 120*121/2 7260

[Sabbagh et al. 2019, 2020] [Engemann et al. 2022]
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Remaining issue: recording site

PSD of the reduced training set averaged on the sensors.
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Remaining issue: recording site

2nd component

PCA of covariances

The 2 sites are fully
separable: prevents any
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Results on training set

Classification pipeline:

) )
Feature vectors: Probability
PS[?features-+ ety L2 regularised - VeCFOFS
covariance tangent LogisticRegression and estimated
vectors classes
N / N /

Results on the training set:

=> StratifiedShuffleSplit cross-validation from scikit-learn with 20 splits and
test size = 0.2

Mean accuracy: 71.9% + 8.3%
Mean balanced accuracy: 64.3% + 9.6%
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Results on test set

Predicted label

Control MCI Dementia
— | Control 17 2 1
(]
&
Site = A Site =B é Mcl 3 3 2
. =
. Dementia 4 2 8
90 . =
¢ Confusion matrix on test set
[ ]
® [ ]
&0 ‘ T -
% ° : : ° °
<70 o 3 ‘ - High accuracy for
. : unseen data from
60 o Correct? ° site A (86.3%) but
« No low accuracy for
« Yes .
50 — site B (45%).
control MCI dementia control MCI dementia
Estimated diagnoses Estimated diagnoses

Apolline MELLOT - Benoit MALEZIEUX - Cédric ALLAIN 10



Acknowledgment

e Organisers of this competition.
e Alexandre GRAMFORT, Denis ENGEMANN for encouraging us to work on this challenge and for
sharing their machine learning expertise.

® The Inria MIND Team.

e ANR funding Al-cog (ANR-20-IADJ-0002) an r

lrreia —

Apolline MELLOT - Benoit MALEZIEUX - Cédric ALLAIN 12




Results on test set

Recall Precision F-score
Control 85% 71% 78%
MCI 38% 43% 40%
Dementia 57% 73% 65%
mean recall mean precision mean F-score
60% 62% 61%

Overall accuracy: 67%
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Riemannian geometry concepts

Log of amatrix: M = UAU " — log(M) = Ulog(A)U "

Log map:

(1= Lolg(;<01) 1 o
= GZlog(G~ 101G~ 1)G?

Exp map:

Cy = EfPG(Q) 1 o
= G2exp(G™ 211G 2)G2

Riemannian distance:

SRr(C1, Cs) = ||log(C10y)||

Affine invariance: dp(C1, C9) = 5R(AC'1AT, ACQAT)
P(P+1)
Vector representation: z1 = uvec(¢; ® @) € R™ Z  with Q a matrix holding 1 on the diagonal elements

and v/2 elsewhere. [Barachant et al. 2011] [Congedo et al. 2017]
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