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Abstract 
Various man-made and naturally occurring chemicals and substances can modify the chemosensory systems 
of animals and man. This article provides an overview of research studies that investigate the impact of 
pollution on taste perception using an electroencephalography signal analysis in an indoor environment. 
Acute and chronic alterations in taste are discussed for solvents, herbicides, fungicides, pesticides, 
disinfectants, germicides, soil fumigants, dyes, pharmaceuticals, textile wastes, smog, tobacco smoke, 
perfumes, flavors, plastics, synthetic rubber, and other industrial substances. The mechanisms by which 
pollutants may cause physiologic and biologic changes are highlighted. Natural detoxification systems are 
discussed, as well as treatments for chemosensory deficits. Brain Computer Interface (BCI) is a powerful 
tool for creating communication between wired brain and an external device. In this non–Invasive BCI, 
Electroencephalography (EEG) reads the scalp electrical activities for the taste stimuli through 10–20 
electrode system. Taste sensation is one of the five natural senses used to diagnose disease present in our 
body. It is a life giving force and tongue is the physician of our body. Features like Mean, Standard Deviation 
and Kurtosis are extracted from the acquired EEG signals to analyze the signal in an indoor environment. 
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INTRODUCTION 
The modern world is ruining mankind’s sense of 

smell and making people crave salty and fattening food, 
a leading scientist has said. The harsher smells caused 
by pollution, uncollected rubbish and even messy 
homes are corroding our ability to detect the nuanced 
hues of nature and are making people ill, according to 
Dr Kara Hoover, an expert in olfactory evolution. She 
told a meeting of the American Association for the 
Advancement of Science in Boston that those with an 
impaired sense of smell are more likely to be obese 
because they tend to prefer richer-tasting food. They are 
also at higher risk of mental health problems such as 
anxiety and depression. “Our sense of smell evolved in 
a very rich landscape in which we were interacting 
regularly with the environment,” the Durham 
University academic said. “Today we’re not interacting 
with the environment and we’re in very polluted 
places.” A poor sense of smell also affects people’s ability 
to taste, which means that they are likely to seek out 
stronger tasting food, which is very often salty and fatty. 

By contrast, people with a powerful sense of smell are 
more likely to have lower body weight, previous 
research has indicated. Those who have suffered from a 
loss of smell often have increased anxiety over their own 
body odour because they don’t know if they smell bad 
or not, Dr Hoover said, adding: “They’re anxious about 
not being able to smell danger like gas leaks or smoke.” 
They suffer from poor quality of life and depression 
because they’re no longer engaging with food or loved 
ones in terms of their sense of smell.” She said this 
anxiety increased the risk of developing more serious 
mental health issues. Research this month also 
suggested that diesel pollution could double the chances 
of developing dementia. Poor air quality has already 
been linked to a higher chance of suffering a heart attack 
or stroke. People from poorer backgrounds are in 
general more exposed to pollution, with bus passengers 
confronted by eight times as much as car drivers. Those 
living in dirty areas or where rubbish is not collected 
regularly are also more likely to suffer damage to their 
sense of smell. 
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A Brain Computer Interface (BCI) makes a 
communication between brain and computer to 
transfer brain signals. This is an attempt to leverage 
computer science in ecological challenges. There are 
two types of BCI is available, 1) Invasive BCI 2) Non – 
Invasive BCI. Non-Invasive BCI is far better than the 
Invasive BCI because it is having low complexity, no 
need of surgery and low cost. ECoG is measured with 
the use of Invasive BCI. Because of ease of use, Non–
Invasive BCI is used to acquire the brain signals for 
environmental purpose in an indoor environment. One 
of the best Non – Invasive BCI is 
Electroencephalography (EEG) for acquiring the 
electrical potentials from the brain. After acquiring 
brain signals, it can be translated into commands 
depends upon the applications (Bi et al. 2014). 

Gustation is the life giving force for our body. EEG 
signal from the brain is acquired by applying taste 
stimuli in the tongue of the subject. Tongue is the 
doctor of our body. The ecological analysis identifies 
the symptoms of the disease when the Sense of the taste 
in the tongue differs. Naturally there are five basic tastes 
like sweet, sour, bitter, salty and umami. Twelve 
volunteer subjects (1 Male: 55 years, 1 Male: 35 Years, 
10 female: 23 to 25 years) participated to acquire brain 
signals by applying different taste stimuli via 
gustometer. Amplitude of the signal gets differed when 
applying the different taste stimuli for distinctive 
subjects compared to the normal signals. Due to 
attenuation, the acquired signal level gets decreased 
when compared to invasive BCI. Hence, the attenuated 
signal is given as an input to the designed 
instrumentation amplifier for boosting the signal 
amplitude in an indoor environment (Gundam and 
Charalampidis 2012, Kyritsi et al. 2003). 

By applying diverse antural taste stimuli, the Evoked 
Related Potentials are recorded and then the features are 
extracted from the raw EEG signalin an indoor 

environment. The features such as Mean, Median, 
Kurtosis and Standard Deviation are extracted to find 
the symptoms of diseases from the signal in an indoor 
environment. Before extracting the features, the raw 
signal is preprocessed to remove the artifacts due to 
electrical noise, environmental noise and body 
movement. After the preprocessing method, the signal 
is decomposed into four levels to get the alpha wave for 
feature extraction. Decomposition of signals which is 
done by Stationary Wavelet Transform is better than 
Discrete Wavelet Transform. In this proposed system of 
ecological analysis, (Infinite Impulse Response) IIR 
notch filter for preprocessing, SWT for decomposition 
and four features were extracted and it is implemented 
in Field Programmable Gate Arrays (FPGA) (Hari 
Kumar et al. 2010). 

HARDWARE IMPLEMENTATION 
Fig. 1 shows the block diagram for EEG signal 

acquisition and analyzing system consists of an 
Instrumentation Amplifier, Median Filter for 
Preprocessing, Decomposition method, SWT for 
Feature Extraction and Application Interface for 
translating signals to commands in an indoor 
environment. 

The extracted raw EEG data is in the amplitude 
range of microvolt (μV) µvolts with the main 
frequencies of interest up to approximately 30 Hertz 
(Hz) and it is not recognized by the FPGA system. Fig. 
2 shows the Circuit Diagram for an INA114 
Instrumentation Amplifier (Leow et al. 2010). 

 
Fig. 1. Block Diagram of the EEG Acquisition and Analyzing Systemin an Indoor Environment 
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INA114 is an Instrumentation Amplifier which is 
used to amplify the small amplitude signal into large 
amplitude signal recognizable by FPGA in an indoor 
environment. Instrumentation amplifier is designed to 
provide the output with a gain of 1000 as shown in 
Equ.1. 

 𝑖𝑖𝑖𝑖 𝐺𝐺 = 1000 → 𝐺𝐺 = 1 +
50𝑘𝑘Ω
𝑅𝑅1

 (1) 

INA114 has a CMRR value of 110 and gain error is 
less than 2%. A single external resistor sets any gain 
from 1 to 10,000. Internal input protection can 
withstand up to ±40V without damage. Total power 
consumption of the amplifier is in the range of 56mW. 
After the amplification process, the signal is digitized at 

the sampling rate of 256Hz by a 12 bit analog to digital 
converter. After the amplification of Signals, 
Preprocessing is done by the median filter. 
Preprocessing is used to remove artifacts due to noise, 
power noise, movement of human body while 
acquiring the signal and environmental factors (Mojet 
et al. 2001). 

PREPROCESSING, FEATURE EXTRACTION 
AND CLASSIFICATION 

Preprocessing, Feature Extraction and Classification 
are done in Matlab. Preprocessing is done with 
amplified EEG signal to remove noise and artifacts from 
the raw signal. Rank Order Median Filter is used for 
Preprocessing as shown in Fig. 3 (Sarah et al. 2015). 

 
Fig. 2. Circuit Diagram of an Instrumentation Amplifier 

 
Fig. 3. Rank Order Median filter architecture for Preprocessing 
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Features like Mean, Standard Deviation and 
Kurtosis are extracted from the Preprocessed EEG 
signal in an indoor environment. The mean, indicated 
by µ is the statistician’s jargon for the average value of 
EEG signal as shown in Eq. 2. 

 𝜇𝜇 =
1
𝑁𝑁
� 𝑥𝑥𝑖𝑖

𝑁𝑁−1

𝑖𝑖=0

 (2) 

The standard deviation is the measure of how far the 
signal fluctuates from the mean of the signal as shown 
in Eq. 3. 

 𝜎𝜎2 = � (𝑥𝑥𝐼𝐼 − 𝜇𝜇)2
𝑁𝑁−1

𝑖𝑖=0
 (3) 

Kurtosis is defined as the sharpness of the peak of a 
frequency-distribution curve as sown in Eq. 4. 

 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾[𝑥𝑥] = 𝐸𝐸 �
(𝑥𝑥 − 𝜇𝜇)4

𝜎𝜎
� (4) 

The Power Spectral Density (PSD) is calculated for 
inferring spectral energy distribution that would be 
found per unit time, since the total energy of such a 
signal over all time would generally be infinite shown in 
Eq. 5. 

 𝑃𝑃 = lim
𝑇𝑇→∞

� |𝑥𝑥(𝐾𝐾)|2𝑑𝑑𝐾𝐾
𝑇𝑇

0
 (5) 

After the Feature Extraction, the extracted features 
are classified according to the different subjects with 
different taste. For better classification, the Fisher 
Linear Discriminator classifier is used to classify the 
subjects with high accuracy. The local maximum and 
local minimum of the “signature” signal at each ROI 
were found. Their difference was used as a scaling factor 
in classification using the Eq. 6.  

 𝑉𝑉𝑖𝑖,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝐾𝐾) =
𝑉𝑉𝑖𝑖(𝐾𝐾) − 𝑉𝑉𝑖𝑖,𝑚𝑚𝑖𝑖𝑚𝑚
𝑉𝑉𝑖𝑖,𝑚𝑚𝑠𝑠𝑚𝑚 − 𝑉𝑉𝑖𝑖,𝑚𝑚𝑖𝑖𝑚𝑚

 (6) 

At the end of the experimentation, the classified 
results are displayed in the respective color bulb with 
the use of FPGA (Sudirman 2013, Sukumaran et al. 
2012). 

EXPERIMENTAL SETUP 
During the experiment, subjects are chosen 

according to different age and gender for acquiring EEG 
data. The subjects are seated comfortably and create a 
dark room environment by closing their eyes using 
black scarf. EEG signal is acquired using Mindwave 
EEG Wireless electrode. The subjects are pouring with 
water in the mouth to acquire the normal EEG data. 
After that, the subjects are driving with different taste 
like Salt, Sweet, Bitter and sour with the use of 
gustometer for accurate result. Subjects are asked to 
participate in the experiment for different taste on 
different days and it is recorded. After the data 
acquisition is finished, the raw data is processed in 
Matlab and it is implemented using FPGA for real time 
purpose. In FPGA, the output is connected with the 
relays to drive the different color bulb to indicate the 
different taste (Teplan 2002). 

RESULTS AND DISCUSSION 
The Database Acquisition of 14 Subjects who was 

selected on a volunteer basis among which female 
counts 12 and men counts 2 persons. 12 subjects belong 
to age group ranges between 22 and 25. 2 subjects 
belong to the age group of 35 and 55 respectively. The 
preprocessing results using FPGA is shown in Fig. 4. 

 
Fig. 4. FPGA Preprocessing Output 
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The Preprocessed output is given as an input for the 
feature extraction process and the sample output for 
Feature Extraction is shown in Fig. 5. The extracted 
output is driving the input of the classifier and the 
different taste is classified using FLDA classifier and it 
is shown in Fig. 6 (Yoshimoto 2016). 

CONCLUSION 
The Median filter was designed using Matlab, 

Verilog and computational, and the corresponding filter 
co-efficient are generated. The features were extracted 
effectively for four different types of gustation and 
FLDA classifier is used for the classification of four 

types of natural gustation. The causes of artifacts are eye 
ball movement, coughing noise and also noises caused 
by external environment effects the raw EEG signal in 
an indoor environment. The data acquisition was 
performed in the compact environment to reduce these 
effects and also darker environment was provided for 
the subjects. As the future work, the data acquisition can 
be done with advanced device hence multiple electrodes 
usage effectively captures all the responses from each 
nerves from the brain.  

Research findings indicated that air pollution has a 
negative impact on taste perception. 
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