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Introduction — Epilepsy

Neurological disorder that affects 0.5-1% of the world population @
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Epilepsy monitoring units
* Rely on visual inspection

e 2Dvideo-EEG data for diagnosis @

Patient’s movements of interest (MOIs)
Subjective method

Requires a lot of resources
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Motivation and Objectives

Recent improvements in machine learning
* Human action recognition
* Computer vision

Support diagnosis with machine learning

Need for automatic epilepsy classification



< State of the art
-
8 Author Classes Performance Notes
1] Achilles et al. Seizure AUC: 078 Single frame approach
Z [17, 18] No seizure T (posture recognition)
f— Ahmedt-Aristizabal MTLE Average accuracy: Face body and hand
etal. [19] ETLE 53.39%-56.31% inputs, very high std
Maia et al. [21] ET;”& AUC 0.65 Probably overfits
This work TLE f1-score: 0.8440.042
FLE AUC: 0.90+0.04

+ Hierachical model proposed by Ahmedt-Aristizabal et. Al [19]
* Detection and tracking algorithms (patient, face, limbs, head, hand)
* Convolutional NN, Recurrent NN (LSTM), 2D video
* Limited success

* CNN based method Achilles et al. [17]
* Depth + IR videos
* Limited, insufficent information

* Maiaetal. [21]
* Inception-V3 object recognition feature extraction on IR videos
* Author suggest overfit due to class imbalance
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Methods — Datasets-|

+  3D-video (RGB-D) Neurokinect 3.0 dataset

* Frontal Lobe Epilepsies (FLE),
Temporal Lobe Epilepsies (TLE)

* Infrared (IR) videos

* 126 seizures from 35 patients

Neurokinect 3.0 by Cunha et. Al. [13]
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Example video from the dataset (up) and main metrics (down)

Class name

Frontal Lobe
Epilepsy (FLE)

Temporal Lobe
Epilepsy (TLE)

FLE, TLE,
Included seizures right FLE, right TLE,
left FLE left TLE
Number of patients 20 15
Number of seizures 85 41
Total clinical length [s] 2587 3116
Average clinical length [s] 30.4 76.0
Minimal clinical length [s] 1.4 6.3
Maximal clinical length [s] 187.9 225.9

Resolution

512x424 16bit

Sampling frequency

30 fps




Methods — Datasets-l|

- Datasets utilized for transfer learning MS-COCO example image #449661 [25]

« MS-COCO [25]
* Image segmentation
« static

* ImageNet [14]
« Largestimage dataset
« static

« Kinetics [15]
« Human actions (400 class)
e dynamic
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Example videos from Kinetics [15]




Methods — Deep learning

Architectures

« Mask R-CNN based algorithm for image segmentation
(bed+person) [22]

« MS-COCO pre-training
 |nflated Inception-V1 architecture (13D) for feature extraction [16]
* ImageNet + Kinetics pre-training
« Apparent (spatial) information
« Motion information
« Short-term temporal information

« LSTM classifier
« Long term temporal connections
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The full architecture
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— Croped IR-Video Pre-processing
2 IR-Video (frames,512,424,1) (frames,512>,424> 1)

. IR load and Spatial cropping Pre-processing and
Neurokinect 3.0 extract seizures i’[ Mask R-CNN (MS-COCO) ‘Temporal slicing (2 s)j

| I3D feature extraction backboneJ Inception module (Inc.)

batch,60,224,224,3)

Reshape Mask -1 L1S;-8M LSTM ]—)[ ]—)[ Predictions

(batch,7,1,1,1024) —» (batch,7,1024) LSTM FC Classifier

1 1

7XTXT 1x3x3 1x3x3 3x3x3 | | _ NextLayer |
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LSTM Classifier

* LSTM layers: 128 & 64 units
* Recurrent dropout (0.3)

* Fully connected layers: 64 & 32 units
* He uniform initializer
* RelLU activation

* Regqularization:
* Batch normalizition
* Dropout (0.5)
* L2 reqgularization

PARAMTERES OF THE DEVELOPED LSTM FEATURE CLASSIFIER

Layer (type) Output Shape | Param #
Mask (Masking) (None, 7, 1024) 0
BN 1 (BatchNormalization) | (None, 7, 1024) 4006
DO_1 (Dropout) (None, 7, 1024) 0
LSTM_1 (LSTM) (None, 7, 128) 590336
BN_2 (BatchNormalization) (None. 7, 128) 512
DO_2 (Dropout) (None. 7, 128) 0
LSTM_2 (LSTM) (None, 64) 49408
BN_3 (BatchNormalization) (None., 64) 256
DO_3 (Dropout) (None, 64) 0
FC 1 (Dense) (None, 64) 4160
BN_4 (BatchNormalization) (None, 64) 256
DO_4 (Dropout) (None, 64) 0
FC_2 (Dense) (None, 32) 2080
Class_out (Dense) (None, 1) 33

Total params: 651,137

Trainable params: 648,577

Non-trainable params: 2,560




Training & Evaluation
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- Temporal slicing (2 [s] segments) + Mask R-CNN visual confirmation
* Counteract class imbalance . 5-fold cross validation
* Data augmentation (Mask R-CNN+ I3D+LSTM)

- Weighted binary cross-entropy * Flscore

« Adam optimizer : :reeccaljlon

« 2000 epochs (max, early stoping)

- Batch size: 500 samples




Results — Mask R-CNN

*  Mask R-CNN visual confirmation < Under or miscrop
e 122 of 126 correct (96.83 %) * Only due to heavy occlusions
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(a) Before crop “ (b) After crop a) Before (under)crop | (b) After (under)crop




Results - Classification of 13D features

« 5-fold cross-validation average of MACrO  Exawmrie MeTRICs OF THE BEST FOLD IN THE 5-FOLD CROSS VALIDATION
average metrics fl-score | precision | recall
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support
FLE 0.930 0.973 | 0.951 | 366
« fl-score: 0.844 + 0.042 TLE 0.046 0.866 | 0.004 | 201
- . macro av 0.938 0.919 0.927 567
 Precision: 0.857 +£ 0.042 weightedgavg 0.935 0.935 | 0.034 | 567
- Recall: 0.838 + 0.041

Author Classes Performance Notes Confusion matrix
Achilles et al. Se1z.ure AUC: 078 Single frame apprpach ~ 300
[17, 18] No seizure (posture recognition) B
Ahmedt-Aristizabal MTLE Average accuracy: Face body and hand o 200
et al. [19] ETLE 53.39%-56.31% inputs, very high std E

) TLE = 100
Maia et al. [21] ETLE AUC 0.65 Probably overfits

. TLE f1-score: 0.844+0.042 g Q‘}-
This work - i

FLE AUC: 0.904+0.04 Predicted label




Conclusion

- An end-to-end deep learning approach was proposed
(Mask R-CNN + 13D + LSTM)

* Motion based binary classification
* Frontal and Temporal Lobe Epilepsies
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* Promising classification results

« This contact-less sensor (IR) based classification has the potential to support
physicians with diagnostic decisions and might be applied for online
applications in epilepsy monitoring units.




Future work

- Additional data streams
* Depth data

(&
L
-
Q
(72)
L
=

- Improved preprocessing and data augmentation
- Extending dataset

- Adding non-seizure class
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Thank you for your attention!



