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Parkinson’s disease (PD) is a neurodegenerative disorder that affects nearly 6 million of the 

population around the world. Emotional impairment in PD is mainly due to the loss of dopamine 

chemicals in the Basal Ganglia region in the brain. The loss of dopamine severely affects the brain 

motor functions such as human postures, emotion, and cognitive processing. As such, the patients 

are not able to identify and express their appropriate internal feelings to the clinicians for effective 

treatment. Hence, to be successful with remedial treatment towards emotional impairment for PD 

is a challenging issue. Therefore, it will clinicians if there is an autonomous system that can detect 

the emotional impairments in PD in a non-invasive and computationally efficient way. This present 

work is a continuation of earlier work performed by the PI on emotional impairment detection in 

PD using EEG signals. The EEG database was acquired by the PI using audio-visual stimuli based 

emotional elicitation in PD and Normal Control (NC) of 20 subjects through 14 channel wireless 

EEG device. Firstly, the EEG signals are preprocessed to reduce the effect of noises (power line 

frequency, baseline noise) and interference (eye blinks, eyeball movement, and rotation, etc.) using 

magnitude thresholding and 6th order IIR Butterworth filter (0.5 Hz – 49 Hz). In this project, the 

preprocessed signals are analyzed by two different approaches. In the first approach, a set of 

statistical features are extracted using two nonlinear feature extraction methods, namely, 

Recurrence Quantification Analysis (RQA) and Tuned Q Wavelet Transform (TQWT). These 

features are validated using a one-way analysis of variance (ANOVA) to test its statistical 

significance with p<0.05. Finally, the statistically significant features are used to map the 

corresponding emotions using six machine learning algorithms (K Nearest Neighbor (KNN), 

Random Forest (RF), Decision Tree (DT), Probabilistic Neural Network (PNN), Support Vector 

Machine (SVM), Extreme Learning Machine (ELM)) and the performance of these classifiers are 

assessed through three performance measures such as mean emotion classification rate, sensitivity, 

and specificity. In the second approach, the preprocessed signals are directly given to two different 

deep learning algorithms, namely, Convolutional Neural Network (CNN) and Bidirectional Long 

Short Term Memory (Bi-LSTM), to classify the emotions of NC, and PD. The performance of the 

deep learning algorithms is assessed through the mean emotion classification rate, sensitivity, and 

specificity. Finally, the Granger causality (GC) time series modeling method is used to devise the 

brain functional connectivity patterns of different emotions in NC and PD. The experimental 

results indicate that a hybrid RQA feature (recurrence rate and percent determination feature) 

extracted from gamma frequency band (30 – 49 Hz) achieved a maximum mean classification rate 

of 96.07% and 94.32% for NC and PD, respectively using SVM classifier with RBF kernel. In 

TQWT, the approximate entropy feature extracted from the first subband with a value of Q = 1 



achieved a maximum mean emotion classification rate of 96.16% and 93.86% for NC and PD, 

respectively using PNN classifier. In CNN, the maximum mean classification rate of 81.50% is 

achieved in distinguishing NC and PD, and 80.00% is achieved in classifying emotions in NC and 

PD. Finally, the Bi-LSTM network achieved a maximum mean classification rate of 88.25% in 

distinguishing NC and PD and 87% is achieved in classifying emotions in NC and PD. The GC 

based brain functional connectivity patterns indicate that the gamma band feature of RQA in NC 

has reliable connectivity when processing emotions compared to PD. PD subjects have fewer 

connections between the different brain regions in processing emotions, and most of the 

information flow in PD occurs at low-frequency band compared to high-frequency band 

activations in NC. In conclusion, the experimental results of the present work indicate that RQA 

features are highly significant in identifying emotional impairment in PD compared to other types 

of features used in the literature. The results also confirm that there is a deficit in processing 

emotional information in PD compared to NC, and shown through brain functional connectivity 

patterns devised through the GC method. However, the latest development in data science methods 

such as CNN and Bi-LSTM give lesser classification rate compare to conventional machine 

methods. It is likely due to the lack of a sufficient amount of EEG data to model the network. The 

experimental results of the current work proved that the proposed methodology could be used for 

developing an intelligent emotional impairment detection system for real-time effective diagnosis 

in PD. 

 

 


