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INTRODUCTION: Dataset

EEG 128 Channel resting state
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Dataset

INTRODUCTION

Audio
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INTRODUCTION: Dataset

Audio
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- Welch

PSD (pV3/Hz)

METHOD: EEG PREPROCESSING

PSD Before vs After Filtering

—— Before filter (mean)
— After filter (mean)

Notch Filter - 50 Hz
0t - S5 ROt (0f: MY T2)2 MeiM o2 H|H
e Bandpass Filter - 0.4Hz~ 45Hz
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METHOD: EEG PREPROCESSING

Original vs Corrected

—— Original (with drift)

a0 C ted (basel removed)
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METHOD: EEG PREPROCESSING

STFT with librosa (Channel 1)

+0 dB

STFT
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-40 dB i

5

50 dB Sampling rate : 250Hz
Window size (n_fft) : 1024

-60 dB Hop length : 512
Window function : Hann

-70 dB Frequency cutoff : 0~45 Hz

-80 dB

0:00 0:50 1:40 2:30 3:20 4:10




METHOD: EEG PREPROCESSING

o|0|X| RESIZE

STFT L} AHEZHZ dB Hat
S 0-255 82|22 M55 Al
Ez2 12 0|0|X| MM

o CHA XE= 372 (RGB)Z Pt
o 244 x 244fh resize
e DenseNet121 @121 124 alX|

TENSOR 2t

RGB Mel-spectogram O|0|X|Z
PyTorch tensor (Cx Hx W) JEf2

k]

o Tensor Bt A| TlM! 22 -1 i
2 XS et

NORMALIZATION

DenseNet121 AMHEHS THS

o elziEmel YBMS

=
ImageNet mean/std2 & 1s}

mean: [0.485, 0.456, 0.406]
std: [0.229, 0.224, 0.225]
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METHOD: EEG PREPROCESSING

Qolo] Q2 X0 OtA XD 2 224x224 37|29 RGB 0|0|X| 2 Y15t
-> tensor YEHZ .ptUlYU =2 HEE|0] 2EO| & (Input) 2 2 AlE(shape = [3,224,224])



Amplitude
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METHOD: AUDIO PREPROCESSING

Raw Audio Waveform

! ! ! ! !
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METHOD: AUDIO PREPROCESSING

STFT Spectrogram (Linear Scale) Mel-Spectrogram (dB)
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METHOD: AUDIO PREPROCESSING

TENSOR B2t
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METHOD: AUDIO PREPROCESSING

Model Input Image

21241 X0j| UA| Mel-spectograme 224x224 37|2| RGB O|0|X| 2 ¢4
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Pre-Processing g
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E
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Densenet-121 Modeling

=] SEf -
Pre-trained Densenet-121 Model 224x224 RGB Tensor

[Parameter]

Optimizer : Adamax

Learning Rate : 0.001

Batch Size : 16

Dropout : 0.3

Epoch : 100, Early Stopping (Z|4 15
epoch B, loss 7|& stop, patience=3)
Loss Function : CrossEntropylLoss

Split Ratio — 64:16:20
- (train+validation) : test=8: 2
- train : validation =8 : 2

Densenet 121
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Densenet-121 Modeling

Pre-trained Densenet-121 Model

IH Y

?|» X 5-Fold Stratified cross-validation
—

Densenet 121 < *O.I% ]IO=I7I- xIE
e Accuracy
Z ® Precision
o H““' e Recall
® [-score

e Confusion Matrix

Densenet 121




Multi Modal Modeling

711 Buisn uonoesx3 aineay

11 Buisn uonoesx3 aimeay

Ih Y

5-Fold Stratified cross-validation

8 B X H

¢ Accuracy

® Precision

e Recall

® Fl-score

e Confusion Matrix



Multi Modal Modeling

1L Buisn uonoenx3 ainjeay

11 Buisn uonoesx3 ainjeay

JER G
EEG feature(16(batch), 1024)
Audio feature(16(batch), 1024)

[Parameter]

Optimizer : Adamax
Learning Rate : 0.001

Batch Size : 16

Dropout : 0.3

Optimizer : Adam

Epoch : 100, Early Stopping (£l 15 epoch 2%,
loss 7| & stop, patience=3)

Loss Function : CrossEntropyLoss

Split Ratio — 64:16:20

-(train+validation) : test=8: 2

- train : validation =8 : 2



Multi Modal Modeling
___ MultiModal

711 Buisn uonoenx3 aineay

11 Buisn uonoenx3 aimeay

Ih Y

5-Fold Stratified cross-validation

85 B X H

e Accuracy

® Precision

e Recall

® Fl-score

e Confusion Matrix



RESULT: EEG, Audio tF& R =

EEG AUDIO

5-Fold 8= 85

Accuracy 0.5816 Accuracy 0.7181
Precision 0.5518 Precision 0.7132
Recall 0.4657 Recall 0.5862

F1-score 0.4958 F1-score 0.6418
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ANALYSIS 1

OFX|2 Fully Connected ClassifierE X|2|Pt 2= A|50| freeze E[O|UC B =
FEG, Audio IHHZ & 11 g=o| eh5otX| =&t

Hlo|E{e] THEI2 7| et&617| 2ldll freeze k|9 Y= layerE 25 Fine-tuning



ANALYSIS 1 - RESULT

Fine-tuning 82 Z1}: EEG

5-Fold & Ms 5-Fold ¥+ Ms

Accuracy 0.5816 Accuracy 0.9121
Precision 0.5518 Precision 0.9594
before after
Recall 0.4657 Recall 0.8433
F1-score 0.4958 F1-score 0.8951
Fine-tuning 82 #1}: Audio
5-Fold
Accuracy 0.7181 Accuracy 0.9236
before Precision 0.7132

Precision 0.9181 after
Recall 0.5862 Recall 0.9044

F1-score 0.6418 F1-score 0.9108




ANALYSIS 2

FEGE= O|HX =7 MDD:HC = 29:24, Audio= MDD:HC = 29:22
=ellA ZHH[O|E 2= Fo| &M

d5 Table= 22 Il EEG2t Audio 25 Precision9 H|ol Recall ¥ 405| %10,

F1-score7t 22 g0l M2 2t2 [Iff SefA 2t S0P o Z2oHCHH

@)
85 M 758 U=

EEGE= HC 5%, Audio= HC 7= HHE oll 2% (EEG-24:24, Audio-22:22)



ANALYSIS 2 - RESULT

5-Fold
Accuracy 0.9121 Accuracy 0.9166
Precision 0.9594 Precision 0.9337
before after
Recall 0.8433 Recall
F1-score 0.8951 F1-score
5-Fold 1 5-Fold ™+
Accuracy 0.9080 Accuracy 0.9271
before Precision 0.8989 Precision 0.9307 after

Recall 0.8888 Recall

F1-score 0.8930 F1-score




ANALYSIS 3
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Channel Selection &1 =%

e Sun, S, Li, J., Chen, H., Gong, T., Li, X., & Hu, B. (2020). A study of resting-state EEG biomarkers for
depression recognition. arXiv preprint arXiv:2002.11039. - HydroCel 128 channelZ ©|&35}0] 223 QA&
EEG Hto|20Ot7 EA

e VVan Der Vinne, N., Vollebregt, M. A., Van Putten, M. J., & Arns, M. (2017). Frontal alpha asymmetry as a
diagnostic marker in depression: Fact or fiction? A meta-analysis. Neuroimage: clinical, 16, 79-87. - M &
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e | euchter, A. F., Cook, I. A., Hunter, A. M., Cai, C., & Horvath, S. (2012). Resting-state quantitative
electroencephalography reveals increased neurophysiologic connectivity in depression. PloS one, 7(2),
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ANALYSIS 3 - RESULT

before

Channel re-selection Z1}: EEG

5-Fold ¥+ Ms 5-Fold & M&

Accuracy 0.9166 Accuracy 0.9331
Precision 0.9337 - Precision 0.9071

Recall 0.8979 Recall 0.9727
F1-score 0.9149 F1-score 0.9373

=== g1
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njo

EEGE BB 858 ER5I7ILL, HydroCel 128XES AF5I0l HAIKELS ERst
5101, QL2 ALBSIZL M50| 2 £9I0t HIS TIotI0l A XM

HS(13) - Fpl, Fp2, F1, F2, F3, F4, F7, F8, Fz, AF3, AF4, FC3, FC4
Z5(8) - FT7, FT8, T7, T8, TP7, TP8, P7, P8
S%(8) - P3, P4, Pz, P1, P2, PS5, P6, CPz

after



FINAL RESULT



FINAL RESULT: EEG

5-Fold & 5-Fold W2 Als
Accuracy 0.5816 Accuracy 0.9331
Precision 0.5518 ‘ Precision 0.9071
Recall 0.4657 Recall 0.9727
F1-score 0.4958 F1-score 0.9373

=wd ofia

HZ9h 712 Fine-tuning, Class ZF =

Analysis M =

. Channel Selection



FINAL RESULT: Audio

5-Fold & 5-Fold
Accuracy 0.7181 Accuracy 0.9271
Precision 0.7132 ‘ Precision 0.9307
Recall 0.5862 Recall 0.9326
F1-score 0.6418 F1-score 0.9292
=2 T3 Al Analysis %8 =

HZoh 712 Fine-tuning, Class ZF 2+ oll&
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FINAL RESULT: Multi-Modal (EEG + Audio)

S5-Fold H& Ms

Accuracy 0.7101 Accuracy 0.9694
Precision 0.7176 Precision 0.9692

Recall 0.7145 Recall 0.9702
F1-score 0.7105 F1-score 0.9696

== o A Analysis H&



Conclusion
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Future Work
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