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ABSTRACT 

 
Brain-Computer Interface (BCI) is a complete system including the software and hardware 

that interprets human brain signals to control computers and different communication 

devices. This research work focuses on the design and implementation of a pattern 

recognition algorithm to classify electroencephalograph (EEG) signals based on deep 

neural networks (NN). The goal is to develop a pattern recognition algorithm for 

controlling the movement of a robotic arm that will be used for post stroke rehabilitation. 

EEG brain signals of the subject are acquired whilst performing six different tasks by using 

Emotiv Epoc+ device. For preprocessing, a Matlab tool is developed to load the raw data 

of Emotiv into the EEG lab for filtering and basic feature extraction, such as Power 

Spectral Density (PSD) etc. A novel algorithm, based on deep neural network, is developed 

to classify the patterns to perform hinge joint movement that provide full range of motion 

(ROM) from extension to flexion. 
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INTRODUCTION 

BCI is one of the robust communication tools between users and systems. It has grown 

tremendously and contributed in various fields of research and is considered to be one of 

the growing areas in healthcare applications. The system can use different sources of 

information, and out of the several techniques used for capturing brain signals, EEG has 

been regarded as one of the compelling techniques because of its highly accurate temporal 

resolution. Furthermore, its non-invasive acquisition mechanism makes it a suitable 

diagnostic tool for the clinical environments. EEG signal analysis is widely used to 

evaluate neurological disorders such as stroke [1]. This is one of the methods that have 

been shown to be effective in helping the patients with severe deficit of stroke 

rehabilitation. However, the analysis of EEG signals is sensitive to disturbances that makes 

it very complex due to the presence of various internal and external artifacts [1]. 

In this work, an EEG based brain activity framework for the rehabilitation of stroke 

patients is proposed by using an Emotiv Epoc+ device for acquiring brain signals. Emotiv 

Epoc+ Neuroheadset is a low cost and non-invasive BCI device with a sampling frequency 

of 2048 Hz [2]. 
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The raw data signals which comes preconfigured with 14 electrodes located over 10-20 

International System positions AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, FC6, F4, F8, and 

AF4 with 2 reference electrodes. To acquire brain signals for developing pattern 

recognition algorithm, various subjects are advised to carry out certain specific tasks, 

which are tabulated in Table 1. 

 

 

Table 1: Task performed by subject. 

Task-1 Eye blink task was performed with eyes closed. Before the recording starts, the 

subject needs to be in a resting state with both eyes in a close position. Then the 

subject needs to open and blink their eyes continuously for 20s. 

Task-2 For the second task, the subject needs to open the eyes and reading some text. 

While doing this task, the subject needs to minimize the blinking of the eye.   

Task-3 Hearing task was done while closing the eyes. A specific song was played to the 

right and left ear of the subject. 

Task-4 Hand freewill is an action that is moved by the subject itself, whereas, non-

freewill was done by the instructor.  

Task-5 Hand muscle is an action where the subject needs to contract their muscle a little 

bit and then relaxing it back to normal.  

Task-6 This task was done where the instructor applied some pressure towards the 

subject’s hand.  

 

 

During all tasks, the subjects were asked to sit comfortably in a relaxed position while 

eliminating any movements. To reduce the EEG artifacts, most of the tests (except eye 

blinking) were carried out with the eyes closed. For every task, the brain signals were 

acquired for 3 minutes duration with a 20 seconds gap between resting and active state.         

The raw data was acquired using Emotive Insight Testbench in the standard file format 

called European Data Format (EDF), which is designed for exchange and storage of 

medical time series [2]. To process the recorded EEG data, a tool was developed for 

converting EDF files into a format readable by EEGLAB which is popular Matlab based 

software for EEG signal processing.  

Part of the EEG signals comes from electrical activity unrelated to the brain known as 

artifacts.  Thus, preprocessing techniques were applied using off the shelf tools available in 

the EEGLAB to improve the signal to noise ratio [3]. These include basic low pass 

filtering using Fast Fourier Transform (FFT) and sophisticated techniques like blind 

noise reduction using Independent Component Analysis (ICA) [4]. Figure-1, shows the 

data acquired through emotive when the subject was performing eye blinking tasks, while 

figure-2 depicts the same data after preprocessing using EEGLAB imported through our 

developed tool.  

Before applying a neural based classifier, the size of the data is reduced by extracting 

important features from the processed data. Figure-3 shows one such feature that uses 

power spectral density (PSD) calculated by taking Fourier transform after applying 

autocorrelation.  

To classify the complex features coming from EEG signals, a deep learning based 

algorithms using Tensor flow is proposed. Graphical Processing Unit (GPU) is used to 

train the algorithm in a computationally efficient way.  
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MAIN RESULTS 

 

  
Figure 1: Task-1 (blinking) from Emotiv 

Xavier Software. 

Figure 2: Task-1 (blinking) export to the 

Matlab using EEGLAB tools. 

 

 
Figure 3: Task 1 channel spectra and maps that represent  

the log power of spectral density. 
 

CONCLUSION 

 

Developing pattern recognition algorithms for rehabilitatiion purspose, using EEG signals, 

is a challenging task. It involves many issues for readdressal such as artificat noise 

removal, proper feature extraction/selection and a computationally efficient classifier. This 

paper proposes a complete framework for devloping an EEG based system that can be used 

for rehabilitation of stroke patients. A software tool was developed for making emotiv data 

compatible with EEGLAB which was used for extracting pre-processing and feature 

extraction. A GPU based training algorithm is proposed to train a Deep Neural network. 
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