
 

 

 

 

 

 

ARTIFICIAL NEURAL NETWORK BASED BRAIN SIGNAL CLASSIFICATION OF GUSTATORY 

STIMULI IN FPGA 
 

 

C. KalyanaSundaram
1
, P.Marichamy

2
, R.R.Devu

3 

1
Asst. Prof., Department of ECE, MepcoSchlenk Engineering College, Sivakasi, India. 

2
Professor, Department of ECE, P.S.R. Engineering College, Sivakasi, India. 

3
PG Scholar, Department of ECE, MepcoSchlenk Engineering College, Sivakasi, India. 

 

 

Abstract: Brain Computer Interface (BCI) gives a 

prompt correspondence between the human brain and the 

machine. BCI obtains signals from the mind, removes 

instructive components, and makes an interpretation of 

those elements to order and to control an outside gadget. 

Since an EEG signal is non-stationary and time-changing, 

features can be extracted either in time space or 

frequency domain. Feature extraction using frequency-

domain analysis methods assumes the signal to be 

stationary. The feature extraction method utilized here is 

the Discrete Wavelet Transform (DWT) which gives time 

frequency representation. EEG signal of gustatory 

stimulus is preprocessed utilizing FIR band pass filter to 

remove the artifacts of noise. DWT decomposes the 

separated EEG signal into its relating frequency bands 

and the measurable features of the detailed coefficient of 

the alpha wave are analyzed in time domain. The 

statistical features computed here is the Mean Absolute 

Value (MAV) which is an average of the absolute value 

of the EEG signal and variance of the signal. The 

extracted features are classified using neural network 

classifier which provides high accuracy classification. 

The different gustatory stimuli of bitter and sour are 

classified using neural network classifier and 

implemented in Virtex 5 FPGA. To improve the accuracy 

and performance of the system, an efficient method is 

proposed. 

 

Key words: BCI, EEG, gustatory stimuli, FIR band pass 

filter, DWT, neural network classifier 

 

1.   Introduction 

Brain Computer Interface gives an extra yield channel 

from the brain and enables correspondence between 

human brain and an outside gadget utilizing electrical 

activities of the brain. BCI is one of the developing 

building utilizations of neuroscience which enhances the 

nature of patient's life who experiences the ill effects of 

extreme motor and communication inabilities, for 

example, amyotrophic horizontal sclerosis, stroke, 

cerebrum/spinal rope damage, cerebral paralysis, strong 

dystrophy [1].The electrical activity of human brain is 

recorded from the scalp by using EEG electrodes. The 

recorded EEG signal is categorized into five EEG sub-

bands delta, theta, alpha, beta and gammaof different 

frequency ranges. Delta waves lies below the frequency 4 

Hz. Theta lies between 4 Hz to 8 Hz and alpha lies in the 

frequency scope of 8 to 13 Hz. Beta wave lies in the 

range of 14 Hz to 32 Hz where Gamma wave lies beyond 

32 Hz [2, 3]. This diverse frequency band relates to 

various activities completed by the subject. Each 

frequency bands contains certain information of the brain 

activities. The alpha wave has low amplitude. They are 

rhythmic in nature in each region of brain, but it is 

mainly recorded in occipital and parietal region. The 

wave oscillates from wave state to relax state. The Event 

Related Potential (ERP) is a neural signal measure 

recorded from the scalp through EEG when a subjective 

task is performed by individuals [4]. Decades back, this 

ERP signal is recorded in view of gustatory and after that 

various reviews are done under the taste tangible [5]. 

With these various reviews some likewise find that the 

glucose infusion impacts ERP parts [6,7]. 

Human brain responds to different taste stimulus 

differently. The gustatory system identifies the taste 

qualities and their hedonic characteristic. Parietal region 

deals with the perception and differentiation. Similarly 

temporal region processes different emotions [8]. Many 

inquires about are being done in the EEG signal analysis 

for BCI application. A few strategies have been proposed 

to filter averaged EPs [9]. The accomplishment of such 

strategies would suggest the need of less number of trials 

and would inevitably permit the extraction of a single 

trial EP from the background EEG. The vast majority of 

these methodologies includes Wiener filtering [10, 11] 

and have the basic disadvantage of considering the signal 
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as a stationary process. Since EPs are transient reactions 

related to particular time recurrence areas, such time-

invariant methodologies are not prone to give ideal 

outcomes. For this reason, Time-varying generalization 

[12] for filtering averaged EPs.An EEG study to explore 

taste inclination utilizing aversive taste stimuli was 

proposed. The brain neuro- physiological responses to 

un-pleasant gustatory stimuli using electroencephalogram 

(EEG) and Near Infrared Hemoencepalogram (NIR-

HEG) are researched all the while [13]. Here Go/No-go 

paradigm was used to concentrate real brain response 

from unconstrained background signals and a late 

Contingent Negative Variety (CNV) and comparing P3 

for sour stimuli is recognized. Taste-inspired feeling has 

likewise been explored utilizing taste to initiate 

distinctive levels of pleasure [14].It is set up that feelings 

evoked by taste can be observed utilizing 

electroencephalogram (EEG), andcontrast the reaction 

with a taste stimulus against the reaction to the review of 

a similar taste.Reconfigurable computing is used in EEG 

data acquisition and the SVM classifier is used [15]. A 

smart sensor for EEG acquisition containing a 

programmable gain low noise amplifier took after by an 

incorporated feature extraction and classification circuits. 

The framework can be reconfigured for different 

applications such as speech classification. The FPGA 

design of a generalized preprocessing and feature 

extraction platform that is capable of computing multiple 

features in parallel. Classification algorithm is not 

included [16]. 

Sweet and sour tastes are differentiated by the 

EEG based Brain Computer Interface [17]. EEG was 

recorded from ten healthy subjects when they hold the 

tastants in their mouth. Different features extracted from 

the signals were kurtosis, skewness, and energy and 

wavelet entropy. Extracted features are classified using a 

linear discriminant classifier. The results show that the 

energy and wavelet entropy were able to classify the 

tastes with greater than 98% accuracy while the other two 

features barely gives the 60% accuracy. 

  Feature vectors are extracted through wavelet 

transform other than Discrete Fourier Transform (DFT) 

[18]. Brain Computer Interface provides a direct 

connection between human brain and a computer. It 

doesn’t need any external path to connect it. The EEG 

signal is recorded from the overlying scalp is based on 

electroencephalographic activity is visual cortex.  Hence 

these are non-stationary waves, wavelet is used in 

Feature Extraction process. The main objective to use 

Wavelet Transform is to localize the artifact 

component.Discrete wavelet change (DWT) is utilized as 

a part of extracting feature from EEG signal acquired by 

sensory reaction from mental imbalance children [19]. In 

this review, DWT is utilized to deteriorate a separated 

EEG signal into its frequency components and the 

measurable features of the DWT coefficient are recorded 

in time domain. The features are utilized to train a 

multilayer perceptron (MLP) neural system to arrange the 

signals into three classes of severity (mild, moderate and 

severe). The preparation brings about classification 

accuracy accomplished up to 92.3% with MSE of 0.0362. 

 In this paper, pre-processing is performed using 

FIR band pass filter and the features are extracted using 

Discrete Wavelet Transform. This paper proposes EEG 

feature extraction techniques of gustatory stimuli. The 

structure of the paper is organized as follows. Section 2 

discusses about EEG Proposed method. Section 3, 4 

discusses the result. 

 

2.  Proposed Method 

The proposed method consists of data acquisition of EEG 

signal followed by pre-processing and feature 

extraction.The acquired raw EEG data is filtered using 

FIR band passfilter. The filtered signal isdecomposed 

intovariousfrequency bands using Discrete Wavelet 

Transform. From the decomposed signal the statistical 

feature is calculated. The block diagram of the proposed 

method is described in the Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

       

Figure 1. Proposed Method 

 

2.1 Data acquisition 

Data has been collected from 10 subjects using 

Mindwave mobile EEG electrode. It consists of single 

electrode which is placed at the frontal lobe. The system 

consists of EEG acquisition device and a computer 

system. It transfers data via Bluetooth to communicate 

with the computer and mobile devices (iOS and 

Android). EEG signal is sampled at the frequency rate of 

256 Hz. Subjects were asked to close their eyes during 
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the recording session. Initially the normal EEG signal has 

been recorded using the electrode for a period of 1 

minute. In each trial tastant is given to the subject and 

subjects were asked to hold the tastant in the mouth for 

about 1 minute. Sour and bitter are the different tastants 

given to the subjects. Mindwave EEG electrode used for 

recording EEG signal is as shown in Fig. 2.

 

 

 

 

Figure 2. (a) Mindwave EEG Electrode(b) Recorded 

EEG signal 

 

For each subject, more than one trial was conducted and 

the recorded signal are displayed using Matlab and is 

shown in Fig. 3. A taste stimulus occurs within a time 

period of 2-3 seconds for each subject after placing the 

tastant in the mouth of the subject. 

 

2.2 Signal Pre-processing 

The preprocessing step involves removing noise and 

artifacts. Artifacts are undesirable potentials that 

contaminate the EEG signals. As they can be potentially 

masquerade and be misinterpreted as originating from the 

brain, there is a need to minimize or ideally remove them 

from the recorded EEG signal to facilitate accurate 

interpretation. The signal is filtered using FIR band pass 

filter. FIR filters are one of the primary types of filters 

used in digital signal processing. FIR filter designed here 

has a pass band frequency of 0.4 to 60 Hz with a filter 

order of 10 to remove extremely low frequency 

components caused by movement and breathing. FIR 

filter architecture is as shown in Fig. 3. 
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artifacts. Artifacts are undesirable potentials that 

minate the EEG signals. As they can be potentially 

masquerade and be misinterpreted as originating from the 

brain, there is a need to minimize or ideally remove them 

from the recorded EEG signal to facilitate accurate 

using FIR band pass 

filter. FIR filters are one of the primary types of filters 

used in digital signal processing. FIR filter designed here 

has a pass band frequency of 0.4 to 60 Hz with a filter 

order of 10 to remove extremely low frequency 

used by movement and breathing. FIR 

Figure 3. FIR band pass filter architecture

2.3 Feature Extraction 

Feature extraction is a dimensional reduction of a huge 

dataset. A digitalized EEG signal is a huge set of 

data where it is too large and too much redundancy to be 

processed by the pattern recognition algorithm. A 

solution to this is to convert the input data into a set of 

representation values, known as features. Feature 

extraction simplifies the description of a large set of data. 

The signal has to be decomposed into various frequency 

bands to obtain the alpha band signal of 8 

 The method used here for the decomposition of 

filtered EEG signal is Discrete Wavelet Transform 

(DWT). DWT is a non-stationary time scale analysis 

method suitable to be used with EEG signal since it is a 

non –stationary signal. It is a useful method to separate 

non-stationary signal into its various frequency 

components in different time scales. It permits the 

accurate decomposition of neuro

also it provides multi resolution.The decomposition is 

computed by filtering the discrete signal repeatedly up to 

a predetermined level N. the filter consists of a low pass 

filter to obtain the approximation co

high pass filter to obtain the detailed coefficient (CD). 

After each level of filter, the signal is down sampled by 

half the sampling frequency in the previous level N

since the frequency element is reduced by half. Here the 

signal only has to be decomposed up to level 3.The 

overall process of wavelet decomposition of the EEG 

signal into its various frequency bands is seen as in Fig. 

4. 

 

 

 

 

 

 

 

 

 

FIR band pass filter architecture 

Feature extraction is a dimensional reduction of a huge 

dataset. A digitalized EEG signal is a huge set of discrete 

data where it is too large and too much redundancy to be 

processed by the pattern recognition algorithm. A 

solution to this is to convert the input data into a set of 

representation values, known as features. Feature 

ription of a large set of data. 

The signal has to be decomposed into various frequency 

bands to obtain the alpha band signal of 8 – 16 Hz. 

The method used here for the decomposition of 

filtered EEG signal is Discrete Wavelet Transform 

stationary time scale analysis 

method suitable to be used with EEG signal since it is a 

stationary signal. It is a useful method to separate 

stationary signal into its various frequency 

components in different time scales. It permits the 

decomposition of neuro-electric waveforms and 

also it provides multi resolution.The decomposition is 

computed by filtering the discrete signal repeatedly up to 

a predetermined level N. the filter consists of a low pass 

filter to obtain the approximation coefficient (CA) and a 

high pass filter to obtain the detailed coefficient (CD). 

After each level of filter, the signal is down sampled by 

half the sampling frequency in the previous level N-1 

since the frequency element is reduced by half. Here the 

nly has to be decomposed up to level 3.The 

overall process of wavelet decomposition of the EEG 

signal into its various frequency bands is seen as in Fig. 
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Figure 4. Decomposition of EEG signal

The wavelet used here as the mother wavelet is 

Daubechies 4(db4) since it is most suitable to process 

biomedical signals. The wavelet coefficient of the 

decomposed signal is still too large and not suitable for 

direct classification with neural network. Therefore, 

Feature extraction of the detailed coefficient of level 3 

reduces the coefficient to its representation set of f

vector by simplifying the description of a large set of 

data. The architecture for single stage DWT is as shown 

in Fig. 5. 

 

Figure 5. Architecture for single stage DWT
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of EEG signal 

The wavelet used here as the mother wavelet is 

Daubechies 4(db4) since it is most suitable to process 

The wavelet coefficient of the 

decomposed signal is still too large and not suitable for 

direct classification with neural network. Therefore, 

Feature extraction of the detailed coefficient of level 3 

reduces the coefficient to its representation set of features 

vector by simplifying the description of a large set of 

data. The architecture for single stage DWT is as shown 

 

Architecture for single stage DWT 

Time domain feature is extracted by computing the 

statistics of the coefficient. Mean Absolute Value and 

variance are computed as features.

 Mean Absolute Value (MAV) is computed by taking 

the average of the absolute value of the EEG signal as 

given in equation 1. 

 

Variance is a measure of change between activities in 

one band at different times, between different bands of 

the signal and is given in equation 2

 

2.4 Classification 

The classification is done using neural network classifier. 

Neural network composed of interconnecting neurons. 

Feed forward neural network classifier is used to classify 

the signal with more accuracy. Features extracted from 

CD3 coefficient is used for further classification. The 

neural network architecture for the proposed method is as 

shown in Fig. 6. 

 

Figure 6. Neural Network Architecture

 

The classifier consists of 2 input neurons in which the 

calculated features are given as the input, 5 hidden 

neurons and one output neuron 

classified into different taste based on the input features. 

The architecture for the single neuron is as shown in 

Fig.7. 
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t. Mean Absolute Value and 

variance are computed as features. 

Mean Absolute Value (MAV) is computed by taking 

the average of the absolute value of the EEG signal as 

(1) 

Variance is a measure of change between activities in 

one band at different times, between different bands of 

the signal and is given in equation 2 

(2) 

 

using neural network classifier. 

Neural network composed of interconnecting neurons. 

Feed forward neural network classifier is used to classify 

the signal with more accuracy. Features extracted from 

CD3 coefficient is used for further classification. The 

eural network architecture for the proposed method is as 

Neural Network Architecture 

The classifier consists of 2 input neurons in which the 

calculated features are given as the input, 5 hidden 

neurons and one output neuron which gives the output 

classified into different taste based on the input features. 
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Figure 7. Architecture for single Neuron

The activation function used here is sigmoid function 

as given in equation 3. 

���� �  �
��	
�(3) 

The above shown equation can be approximated as in 

equation 4. 

���� � 
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The accuracy of the neural network classification is 

calculated by the percentage of accurate classification of 

features.  

�������� � �����
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3. Results and Discussion 

EEG signal is recorded in real time from different 

subjects using Mindwave mobile electrode. There various 

noise sources like muscle movement or due to any 

electrical activity is primarily filtered using the ear clip 

which acts as the reference or ground. EEG data is 

recorded in the Matlab and the values are store

file which is further simulated in Verilog HDL and 

implemented in Virtex 5. The raw EEG is filtered to 

remove artifacts using FIR band pass filter with a 

frequency range of 0.4 Hz to 60 Hz. The preprocessed 

signal of the normal and taste stimuli signals for different 

subjects are as shown in Fig. 8. 
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The activation function used here is sigmoid function 

The above shown equation can be approximated as in 

                             (4) 

The accuracy of the neural network classification is 

calculated by the percentage of accurate classification of 

 

EEG signal is recorded in real time from different 

using Mindwave mobile electrode. There various 

noise sources like muscle movement or due to any 

electrical activity is primarily filtered using the ear clip 

which acts as the reference or ground. EEG data is 

recorded in the Matlab and the values are stored as .mat 

file which is further simulated in Verilog HDL and 

implemented in Virtex 5. The raw EEG is filtered to 

remove artifacts using FIR band pass filter with a 

frequency range of 0.4 Hz to 60 Hz. The preprocessed 

signals for different 

Figure 8. Simulation waveform for preprocessed signal

 

The filtered EEG signal is then processed for 

decomposition into various frequency bands. 

Decomposition is performed using Discrete Wavelet 

Transform for 3 levels to obtain alpha band signal. The 

decomposed signal is shown in Fig. 9.

Figure 9. Decomposed EEG signal

 

Feature extracted in time scale by calculating the 

Mean Absolute Value and variance of the detailed 

coefficient of the alpha band signal D3 for the normal 

EEG signal and the sour taste signal. The extracted 

features of the taste sensory and the normal signal are 

shown in Table 1. 

 

Table 1.  Features Extracted For 10 Subjects

Subjects Taste 

Mean 

Absolute 

Value

Subject 

1 

Normal 113

Sour 137

Bitter 151

Subject 

2 

Normal 167

Sour 170

Bitter 193

Subject 

3 

Normal 145

Sour 153

Bitter 172

Simulation waveform for preprocessed signal 

The filtered EEG signal is then processed for 

decomposition into various frequency bands. 

Decomposition is performed using Discrete Wavelet 

form for 3 levels to obtain alpha band signal. The 

decomposed signal is shown in Fig. 9. 

Decomposed EEG signal 

Feature extracted in time scale by calculating the 

Mean Absolute Value and variance of the detailed 

signal D3 for the normal 

EEG signal and the sour taste signal. The extracted 

features of the taste sensory and the normal signal are 

Features Extracted For 10 Subjects 

Mean 

Absolute 

Value 

Variance 

113 221 

137 273 

151 292 

167 292 

170 333 

193 362 

145 306 

153 315 

172 349 

International Journal of Pure and Applied Mathematics Special Issue

115



 

 

 

Subject 

4 

Normal 148 317 

Sour 189 408 

Bitter 215 432 

Subject 

5 

Normal 216 302 

Sour 231 382 

Bitter 264 412 

Subject 

6 

Normal 222 423 

Sour 236 470 

Bitter 261 498 

Subject 

7 

Normal 158 318 

Sour 181 379 

Bitter 201 382 

Subject 

8 

Normal 148 310 

Sour 156 326 

Bitter 189 331 

Subject 

9 

Normal 199 410 

Sour 259 483 

Bitter 301 496 

Subject 

10 

Normal 184 293 

Sour 189 327 

Bitter 212 352 

 

The input dataset consists of 20 samples with 2 

elements is fed to the neural network architecture for 

training. The neural network architecture is designed in 

such a way that it has 2 input neurons which represents 2 

features calculated and 5 hidden neurons in the hidden 

layer and 2 output neuron for 2 output classes normal 

signal and taste sensory signal . 

The input samples are trained, tested and 

classified into different taste as normal signal, sour and 

bitter stimuli using Verilog HDL in Modelsim and 

simulated result is shown in Fig. 10. 

 

 

 

 

Device utilization summary for the proposed block in 

FPGA is shown in Table II. 

Table 2. Device Utilization Summary 

Logic Utilization Used Available Utilization 

Number of fully used 

LUT-FF pairs 
38 158 24% 

Number of bonded 

IOBs 
23 480 4% 

Number of Block 

RAM/FIFO 
2 60 3% 

Number of 

BUFG/BUFGCTRLs 
1 32 3% 

 

The RTL view of the proposed work is shown in Fig. 11.   

 

Figure 11. RTL view of the proposed block 

 

4. Conclusion 

Various EEG signal analysis methods are used 

commonly in the field of Neuroscience and Brain 

Computer Interface. In this paper a feature extraction 

using DWT and a classification using Feed Forward 

neural network classifier is used which classifies the 

input samples with high accuracy. DWT decomposes 

signal into various frequency components which proves 

to be a direct method to analyze EEG signals in various 
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frequency bands which represents different activities in 

brain. Feature values are calculated using the 

decomposed signal of alpha band, is further trained, and 

tested using the neural network classifier with accuracy 

of 90%.  
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