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Abstract: Brain computer interfaces (BCIs) are systems that provide translation of the electrical activity of the brain into commands which can control devices in real-time. It is known that most BCI based application involves non-invasive EEG signals in combination with machine learning algorithms for control of devices. Although there has been some real- time implementation of BCI including cursor movements controlled by a person’s thoughts, they have not been done as a portable device, but rather as a laboratory experiment controlled using multi- core processors and computers. This paper focuses on real- time implementation of BCI for motor imagery tasks using a floating point DSP processor (TMS320C6713DSK). The proposed work involves FIR based preprocessing filter to remove extraneous noise including Electrooculogram (EOG) and Electromyographic (EMG) signals followed by feature extraction using time-frequency domain features. The implications of this kind of a development in Brain- Computer Interface would be tremendous since the whole system can be made into a portable device or a System on a Chip (SoC).



II. A.



EEG Data



Figure 1 Time sequence specification considered for data recording The data set used in this study was recorded at the Biomedical Instrumentation Laboratory of the SSN College of Engineering; Chennai, India. The recording procedure is described below: The electrodes were placed with accordance to the 10-20 electrode placement system and the recordings were done from a single subject for three sessions with each session yielding 300 usable trials and recordings from each of the considered channels were sampled at a rate of 256 Hz. Fig. 1 details the recording time sequence followed. The characteristic of the filter used was that of a band pass filter with the filter range being 0.1Hz to 100Hz. The impedance value of the recording set up was limited within 20 KΏ. The channels recording the frontal activities were considered for the study as the frontal electrodes are the most sensitive ones for the recording of imagery motor activities Different combinations of frontal electrodes were taken into account and the study conducted and the results evaluated accordingly. The frequency range of the signals used in the study was that of the characteristic β-waves of the imaginary thought processes. Fig. 2 shows the sample recordings.



Keywords— Brain- Computer Interface, DSP Processor, Neural Networks, Linear Discriminate Analysis (LDA).



I. INTRODUCTION Brain-computer interface (BCI), a rapidly developing technology, has been constantly improving and new techniques being constantly added to the already existing ones. The main goal of Brain- Computer Interface is creating a new pathway of communication for persons with severe motor disabilities [1-2,4-5]. Most of the present day BCI research is carried out using Electroencephalogram (EEG) signals owing to its non- invasive nature. [1-2]. Though EEG is predominantly diagnostic in nature, their inherent uniqueness in different features can aid in development of BCI devices. This paper focuses on the real- time application of Brain Computer Interface by using a DSP processor for filtering the raw EEG data and using this filtered data for feature extraction and classification.
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III.



facilitates development of a high- level language compiler. The internal program memory is structured so that a total of eight instructions can be fetched every cycle.



EEG FILTER DESIGN COMPARISON



Fig 3 shows the overview of the proposed process. Filter design is done using both MATLAB and the DSP processor and the EEG data was filtered using the filter designed and the filter characteristics of both the filters were found to be the same. The filter transfer function has been given in Fig 4. The Cut- Off frequencies for the Band- Pass filter of order 400 was given as 1 Hz and 30 Hz. Fig 4 shows the magnitude response of the filter designed.



Features of the C6713 include 264 kB of internal memory (8kB as L1P and L1D Cache and 256kB as L2 memory shared between program and data space), eight functional or execution units composed of six arithmetic-logic units (ALUs) and two multiplier units, a 32-bit address bus to address 4 GB (gigabytes), and two sets of 32-bit general-purpose registers. Fig.5 shows the typical DSP flow process.
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Feature Extraction was done using time- domain, frequency domain and non- linear chaotic parameters. The feature extraction methods used were, Levinson- Durbin (LD) method, power spectral density using the Burg (PSD Burg) method and the Hurst exponent (HE) method. The LD method is used to calculate the autoregressive (AR) Coefficients of an nth- order AR linear process is calculated by using the relation: H(z)=1/A(z)=1÷(1+a(2)z^1+....+a(n+1)z^-1) ->(1)
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Hurst exponent which possesses spectral characteristics is one of the key parameters in non- linear dynamics. The values of HE is obtained using the statistical technique called “Rescaled range analysis [3]. Figs 6-7 show the feature extraction results obtained for the test data considered for this work.



Figure 2 Plot of the data sets of both right and left hands used in the study A.



TMS320C6713DSK- Overview



The C6713 DSK is a low-cost standalone development platform that enables users to evaluate and develop applications for the TI C67xx DSP family. The DSK also serves as a hardware reference design for the TMS320C6713 DSP.



Figure 4 Magnitude Response of the FIR filter (DSK o/p)



V.



CLASSIFICATION



Classification of the extracted features were carried out using feedback (Elman Network) and feedforward (multilayer perceptron) neural network classifiers. The results obtained using the classifiers were compared and the most suitable classifier for a given set of feature extraction techniques was studied. The performance of the classsifiers were evaluated in terms of classification accuracy (CA) which is defined as in (2)



Figure 3 Block set up for the study The TMS320C6XXX processors are based on the Very Long Instruction word (VLIW) architecture. This architecture
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CA= CD/TA



DSP processor and a fully functional real- time BCI system can be developed based upon the preliminary works proposed.



(2)



Where, • CD refers to total number of correctly detected left hand and right hand patterns by the neural network • TA refers to total number of applied patterns.
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For this study, 400 features are used for training and 600 for testing. P S D-B urg
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Figure 7 Feature extraction results using PSD Welch Method Figure 5 DSP process flow



Elman network with Levinson 1



Figs 8(a)-(c) shows the classification results obtained using Elman neural network. It can be observed an overall classification accuracy of 99.5% is achieved using the Hurst exponent with Elman neural network.
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Figure 8(a): Classifier output using Levinson- Durbin 0.005
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Figure.6 Feature extraction results using Levinson- Durbin method
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CONCLUSION



This paper discusses the design and comparison of preprocessing filters for BCI applications using real- time DSP processors. The different types of features extracted were classified using Neural Network classifier. For the filter designed using the DSP processor, it was found that the transfer characteristics of the filter was quite similar to the transfer characteristics of the filter designed using MATLAB. The work carried out on MATLAB can be extended to the
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Figure 8(b): Classifier output using PSD Burg’s Method
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Figure 8(c): Classifier output using HE
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