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Abstract:

The brain is the control center of the human body. The working structure of the brain is provided by
communication between neurons. The electrical movements of neurons are called "brain waves". Brain
waves can be recorded by Electroencephalography (EEG). With the analysis of brain waves recorded
with EEG, changes in the emotional states of people can be analyzed. In this study, the emotional
changes of colors and shapes of people of different ages and sexes are analyzed.
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1. Introduction

The brain is the control center of the human body. The brain performs all the controls of the
sensory and muscular system with a number of neurons called neurons. Neurons perform
electrical and chemical communication. Brain waves can be recorded by Electroencephalography
(EEG). The wave frequency of EEG signals recorded in different states of consciousness is
shown in units of Hertz (Hz), wave intensity in units of Microvolt (uV). Brain signals differ
according to Hertz values. The microvolt values allow us to be informed about the activation time

[1].

People often live without awareness of what influences their decisions are. The stimuli that
stimulate all sensory organs, such as an audible sound, a scent received, visuals in the
environment, colors, heat sensation, wind, etc., are the most basic influences of many decisions
that people think they give with rationality. The pastel colors of the Crayola brand are sold as
fragrant and odorless. It appears that there is a significant sales difference in the sales of the
products. But consumers are unaware that they prefer to smell the paint. The study is an example
of this topic [2]. Another study, the writing of warnings on cigarette packets, has been found to
have the opposite effect as a result of examining the effects on the head, although people are
designed to not smoke [3]. There are studies in the literature that investigate the effects of human
sentiments with brain signal analysis in different ways [1] [4-16].

Color is the perception that different waves of light create in retracing the eye. Color is perceived
by light, eye and brain .The influence of colors on people is based on an ancient past that
stretches from ancient times to day-to-day. Although there are social differences in the effects of
colors, the place of colors in people's psychology has a big precaution. According to a study
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conducted by the University of London, those who prefer black in clothing are charismatic , those
who prefer green in clothing are energetic, red is preferred to influence a person and to represent
love, purple color represents richness [17]. Colors often affect people's preferences and moods
without being aware of it in their life cycle. The effects of colors on psychology are shown in
Table 1.

Table 1 Colors and meanings [17,18]

Color Meaning

Red It has features like vitality, activity, exciting and appetizing. It can cause nervousness when over looked.

Yellow Yellow color intelligence, delicacy, practicality, temporary and remarkable meaning. The light yellow has a relaxing
personality.

Green Green color means harmony, peace, understanding, trust.

Blue Blue color means calm, peaceful.

Dark blue Dark blue means clarity, clarity, eternity, authority and efficiency.

Purple Purple color is known as wealth, splendor color. It is evocative of nobility and glory.

Black Black color expresses situations such as power, passion, ambition, concentration, mourning.

Grey Gray immobility means slowness, seriousness.

Brown Brown reality represents being scheduled to be programmed. At the same time, mobility and comfort are known as a color
that makes us feel informal.

White White color It means clean, unreachable, not deceived, like eternity.

Pink The pink color symbolizes situations such as shyness, romanticism, comfort, relaxation, love and charity.

Changes in people's emotional states can be achieved as a result of the evaluation of brain waves
obtained by EEG. The basis of this work is the study of the human brain's response to different
colors and shapes. In this study, Emotiv EPOC+ device, which is a mobile system, is used to
obtain EEG signals to analyze emotional state changes of people.

2. Material and Method

The measurement of brain waves in the evaluation of emotional changes in humans is carried out
with the Emotiv EPOC+ instrument, which can quantify brain signals from 14 points and
transmit the data wirelessly to the management panel in the cloud system.

2.1. Emotiv EPOC+

The Emotive EPOC+ is a signal measuring device that can transmit data wirelessly, with 14
signal collection points and 2 reference points placed in front of the computer. Assessment of
brain signals determines face expressions, mental commands, performance measures, and
emotional states. Emotive EPOC+ is a high-resolution, multi-channel, portable system. In Figure
1 there is an image of an Emotive EPOC+ device.
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Figure 1. Emotiv EPOC+ device

2.2. Emotic EPOC+ Technicial Specifications

The technical specifications of the Emotiv EPOC+ device and the system requirements of
Windows is given in Table 2 [19]. Windows system is used in this study.

Table 2. Emotiv EPOC + technical and windows system features

FEATURES Emotiv EPOC +
Number of sensors 14+2 reference

Sensor AF3, AF4, F3, F4, FC5, FC6, F7, F8,T7, T8, P7, P8, 01, 02
References In the CMS/DRL noise cancellation configuration P3/P4 locations

Sampling method
Sampling rate
Resolution:
Bandwidth

Filtering

Dynamic range (input
referred)

Coupling mode
Wireless

Proprietary wireless
Battery

Battery life
Situations that can be
determined

User Configurable Options

Windows system
requirements

Sequential sampling. Single ADC

28 SPS or 256 SPS* (2048 Hz internal)

14 bits 1 LSB = 0.51uV (16 bit ADC, 2 bits instrumental noise floor discarded), or 16 bits*
0.2 — 43Hz, digital notch filters at 50Hz and 60Hz

Built in digital 5th order Sinc filter

84001V (pp)

AC coupled

Bluetooth® Smart

2.4GHz band

Internal Lithium Polymer battery 640mAh

up to 12 hours using proprietary wireless, up to 6 hours using

Face expressions:

Blink, Left eye blink, Right eye blink, Frown down, Lift eyebrows (surprised), Smile, Squeeze teeth (Squeeze
one's face), Glance to the left, Glance to the right, Laugh with a loud voice, Fake smile (To the right), Fake
smile (To the left)

Emotional Expressions:

Sudden excitement, Long-term excitement, Frustration, Loyalty, Diving in thought, To attract attention
Mental commands:

Neutral

Up to 4 pre-graduated 13 status lists:

Pushing, Pulling, Lifting, Leaving, Left, Right, Turning clockwise, Turn clockwise in the opposite direction,
Turning forward, Turning backward, Turning left, Turning right, Destroy

14 bit / 16 bit voltage resolution, Individual motion sensors active / Disabling individual motion sensors
(Accelerometer, gyroscope, magnetometer), (With expander accessory) External hardware trigger option,
Data flow to SD card (With expander accessory)

GHz Intel Pentium 4 processor (or equivalent), Microsoft Windows XP with Service Pack 2, Windows Vista,
Windows 7, or Windows 8, 2GB RAM, 200MB available disk space, USB 2.0 ports (depending on the
number of neuroheadsets you wish to use simultaneously).

3. Application

The study consists of 10 male and 10 female subjects aged between 25 and 35 years. In the
emotional analysis of the subjects, Emotiv EPOC+ is used. In the study, the person to be
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emotionally analyzed is placed in front of a computer screen and the Emotiv EPOC+ heading is
placed per person. The red circle, red square, green circle and green square shapes are displayed
for 5 seconds. After the red circle and red square, the subjects are shown black screen for 10
seconds and the brain is rested. After, subjects are shown the green circle and green square
shapes. The ones emerging in the brain are studied instantaneously.

When working with EEG signals, the signals are firstly freed from noises. Methods such as
independent component analysis, filtering, wavelet transform, basic component analysis are used
to clean the noises [20] After the attribute extraction process, classification algorithms such as
artificial neural networks, k-means classification algorithm, data mining, genetic algorithm,
quadratic discriminant analysis, discriminant analysis, support vector machine (SVM) and k-
nearest neighbors (KNN) are used [21] [22] [23]. According to the classification process, it is
possible to achieve different results even in the same study. In this study, after extracting the
feature by removing the noises from the EEG signals respectively, the obtained feature vectors
are classified by the k-NN algorithm. The KNN algorithm is a method that processes based on
the distance value between the two. Classification is done by choosing the nearest k points in the
classification process and taking the k point into consideration. The K values should be
determined to be less than the square root of the number of all data used. When the K value is
determined, different distance formulas such as euclidean, manhattan, gauss are used. Generally,
k values are obtained using Euclidean in computer interface studies. This algorithm is more
suitable for low dimensional feature vectors.

The fluctuations in the brain are evaluated according to the wave frequency and wave intensity of
the brain signals. According to Hz values, brain waves are shown in Table 3 [24].

Table 3. Brain waves

Hz Explanation
Delta 0-4 Deep sleep
Theta 4-8 Dreaming
Alpha 8-13 Relaxation
Smr 12-15 Concentration
Betal 15-18 Problem solving
Beta2 18-25 Anxiety

The placement of the EMOC EPOCH+ in the skull is important for accurate measurements. The
device is shaped like a cap and should be placed on top of the skull. Figure 2 shows the
placement of the EMOC EPOC+ head.

The placement of the electrodes in the device is arranged according to the international 10-20
system. According to this system, the signal points to be obtained are as AF3, F7, F3, FC5, T7,
P7,01, 02, P8, T8, FC6, F4, F8, AF4.
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Figure 2. Emotiv EPOC + title placement[25]

3. Result

In this study, emotional state analysis 25-35 year old male and female subjects against color is
evaluated by instant observation of brain signals. Firstly, the Emotiv EPOC+ device is correctly
positioned and connected to the control panel.

The red circle, red square, green circle, green square images are shown for male subjects in the
age range of 25-35 years. The results obtained are assessed instantaneously. The evaluation
results of the data are as follows.

Male subjects were shown with red circles and red squares. The dominance of Beta waves is
observed. In the first few seconds when the person was exposed to color, the level of attention
increased, while the increase in the period of looking at the color showed a rise in the beta
signals. As a result, it is observed that when the red color is overexposed, it causes an increase in
feelings such as discomfort and stress in the person.

There was no difference between red square and red circle colors in male subjects.

When green circles and green square images are shown in male subjects, a rise in alpha waves is
observed. The green color on the person has a full sense of peace and relaxation. It is observed
that the person has a complete resting state.

There was no difference between green square and green circles in male subjects.

As a result of showing the red circles and red square colors in the female subjects, a rapid

increase in beta waves was observed compared to male subjects. It is observed that female
subjects who showed red color experienced more intense emotions such as attention, excitement
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and distress than male subjects.

As a result of showing the green circles and green square colors in female subjects, a rise in alpha
waves is observed. The effect of green color on male and female subjects is equally observed.

The effect of square shapes on female subjects is observed to increase the tension on the person
against the effect of circle shapes.

As a result of this study, it is seen that the effects of colors and shapes on emotional state on
women are more effective than emotional state on men.
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