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Abstract

Depression is one of the most common mental disorders in the current century where early diagnosis
can result in better treatment. One of the depression diagnostic methods is the analysis of the brain
electrical signals. In this paper, we are seeking for a method to distinguish among the levels of the
depression. The proposed model is a deep rule-based system based on the stacked principle and focuses
on the interpretability of the rules alongside high accuracy. Fuzzy systems have the proper capability in
the classification of medical data with various levels of uncertainty. Moreover, in the recent years, deep
learning has been taken considerable attention in the field of Artificial Intelligence. In this paper, we
aim to benefit from capabilities of both fields. The proposed architecture employs a robust fuzzy
clustering approach that can determine an appropriate number of clusters in each layer, unsupervised
and a hierarchical stacked structure to transfer the interpretable trained rules from the previous layers
with the same linguistic labels to the next layer. The interpretability is due to the presence of the input
space into the consequent ones. The presence of the output of the previous layer’s rules at the input
space of the next parts equals to a fuzzy system with non-linear consequent or the certainty factor in a
fuzzy system with linear consequent. EEG data were preprocessed and time, frequency and nonlinear
features such as recurrent plot were extracted and selected and after that were employed in the proposed
system. The proposed system was compared with common classifiers like Neural Net, Support Vector
Machine, Naive Bayes, Decision Tree and Linear Discriminant Analysis. Accuracy results for the test
data in 30 folds (49.01% in comparison to 41.42%, 40.47%, 40.01%, 38.35% and 40.28% respectively)
demonstrate the considerable performance of the proposed system.
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" Electro Encephalo Graphy (EEG)
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' Beck Depression Inventory (BDI)
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* Neural Network (NN)

* Deep Networks

' Deep Neural Network (DNN)

"' Fuzzy Deep Belief Network (FDBN)

'Y Pythagorean Fuzzy Deep Boltzmann Machine (PFDBM)

'™ Hierarchical Fused Fuzzy Deep Neural Network (HFDNN)
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' ANOVA

" T-test

" Independent Component Analysis (ICA)
" Detrended Fluctuation Analysis (DFA)
® Higuchi fractal dimension

* Support Vector Machines (SVM)

¥ Linear Discriminant Analysis (LDA)
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* Skewness

* Fuzzy entropy

¥ Fuzzy fractal

* Recurrence quantification analysis (RQA)
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' Deep TSK Fuzzy Classifier (D-TSK-FC)
" Least Learning Machine (LLM)

" Weighted Majority Voting

' Kurtosis
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" Takagi-Sugeno-Kang (TSK)
' Fuzzy C-means (FCM)
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' t-Distributed Stochastic Neighbor Embedding
¥ Stochastic Neighbor Embedding
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" Stacked generalization principle
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' Robust Learning Fuzzy C-means (RL-FCM)
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