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Abstract: Revealing the information between similar patterns of brain for a real motor task and its
imaginary equivalent can be means to clarify movement intentions and help to improve Brain Computer
Interfaces (BCI)s. This paper uses spectral coherence to assess the functional interactions between neural
regions engaged in a real and an imagined arm movement task. Magnitude squared coherence values were
calculated for two specific bands of Electroencephalogram (EEG) that are 8-12 Hz alpha band and 13-20
Hz beta for 48 channels from selected regions of interest (ROIs). The coherence values are transferred into
surface maps. We try to explain how motor cognition in these regions are relevant with the literature. The
maximum coherence is observed between the channels in the same hemisphere and surrounding closest
channels located vertically and horizontally based on the 10-20 electrode placement.

Our results that the supplementary motor area, the premotor, prefrontal, primary motor cortex and the
parietal cortex play a role in facilitating real and imaginary motor movements, are in good accordance with
the previous studies. Further research can be put on spectral coherence patterns which would be a possible
means for prosthetic-interactive BCI systems, interactive multimedia applications, and emerging EEG-
based biometric recognition areas.
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Ger¢ek ve Hayali Kol Hareketlerine ait EEG verilerinin Spektral Koherens Yontemiyle Analizi

Oz: Gergek bir motor gorev ve onun hayal edilmesi arasindaki benzer aktivasyon oriintiilerinin
tanimlanmasi, beyindeki hareket niyet noktalarinin tespit edilmesine ve Beyin Bilgisayar Arayiizlerinin
(BBA) gelistirilmesine yardimci olabilir. Bu ¢aligmada, gergek ve hayali bir kol hareketi gorevi yapan noral
bolgeler arasindaki fonksiyonel etkilesimler, spektral koherens yontemi ile degerlendirilmistir. Cift kat
giiclendirilmis koherens degerleri, tipik alfa (8-12 Hz) ve beta (13-20 Hz) frekans bant araliginda segilen
iliskili bolgedeki (IB) 48 farkli Elektroensefalogram (EEG) kanali i¢in hesaplanmustir. Farkli gérevler igin
hesaplanan koherens degerleri, ylizey haritalarina doniistirilmistir. Bu bolgelerdeki motor bilis
anlayisimizin sag ve sol kol ile ilgili literatiirden elde edilen bulgularla nasil iliskili oldugu agiklanmaya
calistlmigtir. Ayni yarimkiiredeki kanallar ile 10-20 elektrot yerlesimi temelinde dikey ve yatay olarak
yerlestirilmis en yakin kanallar arasinda maksimum tutarliligin gézlendigi gosterilmistir.

Calismamizin sonuglari, literatiirde yer alan tamamlayict motor alaninin, premotor, prefrontal ve primer
motor kortekslerinin ve parietal korteksin gercek ve hayali motor hareketlerini kolaylastirmada rol oynadigi
bulgulart ile uyumludur. Calismanin sonuglari, spektral tutarlilik modellerinin protez-etkilesimli BBA
sistemleri, etkilesimli multimedya uygulamalar1 ve ortaya ¢ikan EEG tabanli biyometrik tanima alanlari
i¢in olas1 bir arag olabilecegini gostermektedir.

Anahtar Kelimeler: EEG, Spektral koherens, BBA, Motor gorev smiflandirma, Gergek ve hayali kol
hareketleri
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1. INTRODUCTION

In neuroscience studies, the variations in the brain due to a particular effect or of interest are
the main concern of researchers. These changes can be represented with oscillatory power, with
source activation or with inter-regional functional connectivity measures. However, it is a
challenging work to find interrelated areas among the mysterious working of the brain. For this
reason, researchers have selected particular tasks with the corresponding regions of the brain
based on the previous medical findings (Mamashli et.al.,2019).

Recent studies put a great concern on the motor functioning of primary and the supplementary
motor areas of the brain. However, there are still some findings on motor movement and motor
imagery. Studies of brain activity have shown that brain conditions change during certain
cognitive functions or mental states, such as reactions given a visual or audible stimulus (Lima
et.al.,2016), or real or imaginary limb movements (Sleight et.al.,2009, Ozmen and Gumusel,
2013,Yong and Mennon 2015), imaginary speech (Zhang and Zhao,2013), relaxed situations and
emotional states (Wang et. al.,2014), (Li et. al. 2019),(Ozel et. al. 2019). The morphological,
anatomical and the functional plasticity characteristics of the change can be inferred from the
Electroencephalography (EEG) data. Thus, EEG containing cortical potentials in various mental
or motor states can be used to actuate a brain computer interface (BCI) system. Wolpaw
et.al.,2009, defined the main objective of a BCI system as providing an alternative communication
facility for humans with neuromuscular diseases. The efficient operation of BCI systems depends
on the correct identification and classification of the recorded EEG signals. A clear demonstration
of the physiological interaction in the brain gives rise to the correct identification and
classification of electrical potentials that vary instantaneously during different mental and motor
tasks (Ozmen et.al.,2018). To this end, many studies were conducted from different perspectives
for the interpretation of cortical activity to drive a BCI system efficiently (Daly et.al.,2012),
(Nicolelis,2003), (Miihl et. al., 2014), (Neuper,2006).

Most of the human behaviors involve motor activities, like standing, walking, talking and
even very small movements. But every single move like stretching a finger can be a complicated
motor cognition task in the brain. Motor skills processing of brain is a multidirectional
phenomenon, containing different mechanisms that can interact in a complex way. The primary
motor cortex (M1) is known for being responsible for coordinating voluntary muscle movements
Moreover, it was also reported that imaginary movements also activate M1. Researchers studied
the inclusion of primary motor area and supplementary motor area in these mechanisms. They
showed that movements and intentions are closely related and inferior frontal, central, and
posterior parietal regions (URL1 ) are in charge. Moving the arm from one point to another starts
by transforming sensory information into motor commands which are in a special style. This
phenomenon occurs by combining the sensory signals of the goal and those defining the position
of the arm. This process should be entirely applied to neuroprostheses and BCI applications.

The high frequency cortical oscillatory brain activity can be represented by
magnetoencephalographic (MEG) recordings, functional magnetic resonance imaging (fMRI)
recordings and with also EEG recordings during cognitive tasks and sensory stimulation
(Galambos et al., 1981, Basar et al., 1992, Tzelepi et.al.,2000, Sannita et al., 1995, Sasai
et.al.,2020, Fu et.al., 2020) . Bundy et.al (2018) performed three-dimensional, individual arm
motions by usin fMRI recording technique and they have observed that the neural activity from a
single arm movement show similar patterns in the right and left hemispheres. Ames et.al. (2019)
performed magnetic resonance imaging (MRI) with monkeys on neural recording and they
showed that motor cortex signals for each arm are mixed across hemispheres. They concluded
that the activity related to each arm occupies a distinct subspace and the signals related to the
other arm are naturally eliminated.
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In most of the previous studies, the conventional power spectral density (PSD) is used to
exhibit the parallel arranged cortical cell activity and a physiologically average value over cortex
is calculated (Ozmen et.al., 2018), (Akin and Kiymik,2000), (Seleznov et.al.,2019), (Seeber,
et.al.,2000), (Nunez et.al. 2001). In (Lopes,2013), (Tzelepi et.al.,2000)’s works they have stated
that the amount of power in different frequency bands is correlated with the task specific
activities. Many EEG studies were conducted to discriminate the multitask problems in frequency
domain. This method is useful however, EEG PSD addresses the single-channel behavior and
cannot characterize the connection between various EEG channels, i.e. the interconnection among
different sites of the brain. In this case, temporal relations between the recorded EEG signals can
be neglected. Hence, it is extensively reported that the execution of goal directed movements are
achieved by intra and interelectrode regions. Besides PSD, EEG coherence emerged as a high
valued method to identify functional cortical connections of various cortical regions of the brain
(Pereda et.al.,2005), (Dauwels et.al., 2010b) ,(La Rocca et.al., 2014). Coherence value is linearly
proportional with the synchrony between the signals. Tang et.al.,2019, Baccala and Sameshima,
2001, searched the functional interactions of neural signals between neural regions by using
coherence and partial coherence analysis which were gathered in the frequency domain. The
coherence is a metric used to diagnose the phase stability of two signals of a specific frequency.
It is mainly used to represent the interconnectivity, which defines the value of relation between
the signals of two electrode placements. A meaningful statistical power is obtained during
different tasks of interest for selected frequency bands which are alpha (8—12Hz) and beta (13-
30Hz) (Bezerianos,2007).

As far as we searched, there is no article relating spectral coherence metrics of motor tasks
about arm movements on a broad ROI. In most of the neuroscience studies, coherence is used to
quantify the relations across various brain areas that are connected with functional connectivity
(Gao et.al.,2011),(Sugata et.al.,2016),(Kilner et.al.,2004) or motor movement intensions (Yang
and Lu,2018). In this paper, we prepared a motor movement task with right- and left-hand to
examine the EEG neural changes and discuss the engagement of primary and the supplementary
motor areas across a real and imagined arm movement task which is the novelty of the study.
PSD and spectral coherence characteristics corresponding to right- and left-arm movement and
imagination are analyzed. To this end, two goals have been identified:

e G1: Examination of spectral consistency between real and imaginary tasks themselves in
selected ROls.

e (G2: Examination of spectral coherence between real and imaginary tasks in the selected
ROls.

The titles studied in this study can be used in prosthetic-interactive BCI systems, interactive
multimedia applications, and emerging EEG-based biometric recognition areas.

The remainder of this paper is organized as follows. The experimental procedure and the
method is explained in Section 2. In Section 3, the EEG processing and the results of EEG
coherence measures are presented. In Section 4, results are discussed by comparing the previous
works. Section 5 is the conclusion part.

2. MATERIALS AND METHOD
Two healthy male participants with mean age of 20.5 years who did not have any
neurological, psychological, chronic illnesses voluntarily joined to this study. Participants were

right-handed according to the Edinburgh Inventory. Participants have signed the Informed
Consent Protocol. The experimental protocol and procedures were in compliance with the
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declaration of Helsinki. The experiments have been conducted at Karadeniz Technical University,
Department of Mechanical Engineering, Trabzon, Turkey.

2.1.Recording Steps

Participants sat on a relax armchair in a daylight illuminated, plain and quiet room during the
experiments. They were requested to minimize eye blinks and body movements during the
experiment. The experimental paradigm and the whole recording steps, the starting and ending
times are explained by the researcher before the measurements. The experimental session is
designed to be four parts. In the first part, the subject was taught to make a right arm task, which
contains moving the arm to the right and left in a moderate velocity consecutively. The second
part is the movement of the left arm to the right and left consecutively. The third part passes to
the imagery arm movements. VVolunteers were taught to imagine the right arm movements similar
to the real case. Participants were told to just imagine the kinesthetic of the movement and not the
visual image of the act itself. In each session, five movements were recorded. Each trial contains
a 10 second recording, 8-10 second intervals between consecutive trials were given to prevent
fatigue. For four different tasks, 100 consecutive recordings were performed on different days.
The order of execution of the tasks is the same for all participants and for all recordings. For both
arms, the actual arm movement was recorded first, and then the imaginary arm movement.
Because, execution of arm movements firstly will make it easier for the user to imagine that move.
The tasks are explained and labeled as below for the further part of the study.

Right arm movement task (Task 1): It is the task of executing right arm consecutively to the
right and left sides.

Right arm imagination task (Task 2): Imagining ongoing movement of right arm as in Task 1.

Left arm movement task (Task 3): It is the task of executing left arm consecutively to the right
and left sides.

Left arm imagination task (Task 4): Imagining ongoing movement of left arm as in Task 3.
2.2.EEG Preprocessing

In an EEG experiment, a headcap, electrodes and recording device is necessary. Brain’s
electrical activity is recorded by various electrodes mounted to the scalp of a participant at
predefined positions. Each location is indicated with letters inferring brain areas (e.g., F for
frontal), and numbers showing lateral arrangement (odd numbers attained for left, even numbers
for right). We used a 64 channel Biosemi ActiveTwo EEG system, and the recordings were
performed based on international 10-20 electrode placement system with a Biosemi head cap
(Biosemi, Amsterdam, NL). The positions of all the electrodes and nasion, inion and the two
preauricular points were precisely measured for each subject. Ground electrodes Common Mode
Sense (CMS) active electrode and Driven Right Leg (DRL) passive electrode were stacked to the
relevant places at the occipital lobes (See Figure 2). The sampling frequency of EEG signals was
arranged as 512 Hz. The signals measured from each site are amplified, and formed as raw signal
of each channel. In EEG recordings, voltages recorded at each electrode are computed with
reference to another electrode for fine measurements. Cz channel is a reliable and common
selected reference which is also used in this study. All the impedances of signals were tuned to
be bellow 5 KQ. Then a bandpass filter is applied to the signals between 0.5 and 50 Hz.

2.3.Channel Selection

Brain activity recorded from one electrode can be a strong signal, and can be affected by the
nearby electrodes (Holsheimer and Feenstra,1977), (Nunez et.al.,1997). Volume conduction is
one of the reasons that mix different sources of electrode channels. Based on the complex
functioning mechanism of the brain, several activities take place at different positions, and these
activities can be synchronized. As a matter of fact, similar signals can be recorded from different
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sites of the brain (Figure 1). In order to reveal the basic functioning of each region of brain, people
generally focused on places from past scientific literature. A specific area can manually be
selected for each subject, and ongoing experiments can be conducted for user defined activities
for a specific frequency range e.g. alpha (8-13 Hz) and beta (13-30 Hz) bands. In this study, three
ROIs were selected for analysing the task dependencies (Figure 2) based on existing anatomically
motor task execution and motor task planning facts as in literature (Yong and Menon,2015, Sugata
et.al.,2016, Sasai et.al.,2020). The data from Frontal-F “Fp1, Fp2,Fpz, AF3, AF7, AFz, AF4, AFS8,
F5, F3, F1, Fz, F2,F4, F6”, Sensorimotor — “FC5, FC3, FC1, FCz, FC2, FC4, FC6, C5, C3, C1,
C2, C4, C6, CP5, CP3, CP1, CPz, CP2, CP4, CP6”, and  parietal- P “P7,
P5,P3,P1,Pz,P2,P4,P6,P8,PO7, PO3, POz, PO4, PO8” channels are analysed. It is advised to
select these ROIs anatomically small to cancel temporal signal interactions.
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Figure 2:
Selected ROIs on Biosemi 64 channel system

3. EEG DATA ANALYSIS

The recorded raw data were visually examined for noisy trials and none of the data were
excluded. A mean of 100 trials was obtained for each channel and task, so that the analyses were
performed on that signal. The data were analyzed in the 1-30 Hz frequency range. Because, while
healthy people are awake, the actual activity is in the range of 8-13 Hz alpha and 14-30 Hz beta
for motor tasks (Holsheimer and Feenstra,1997). The effect of higher frequencies is omitted.

3.1. Spectral Coherence

Coherence analysis is a popular statistical technique which has been applied to multichannel
EEG data for understanding linear coupling between signals. It shows the synchrony between two
signals or data sets as a quantitative value. In signal processing, it is defined as the frequency form
of time domain autocorrelation function which typifies the normalized covariance of two time
series in the frequency domain. Moreover, it shows the linear dependence between a pair of
signals and is represented by normalizing the values between zero and one.

The PSD of a signal shows how power of a signal or time series is distributed over frequency.
When a function over time x(t) is the voltage across a unit resistor, the instantaneous power in
the signal x(t) is obtained by x?(t). When x(t) is wide-sense stationary, the expected instantaneous
power is calculated by ;

1 o]
B0 = R0 = 5= [ saGw)w )

Sxx(Jw) is called the power spectral density of x(t), and it is the Fourier transform of the
autocorrelation function Rxx(t).

The mathematical form of coherence is calculated like cross-correlation coefficient in the
frequency domain at a specific frequency (Halliday et.al.,1995), (Wang et.al.,2015). The
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magnitude-squared coherence is calculated as a function of the power spectral
densities,. Sxx(f) and Syy(f), and the cross power spectral density, Sxy(f), of x and y.

2
[Sey (P )

Co D=5 s, P

The spectral coherence represented with Cxy(f) becomes 0 if there is not a synchronization
among two signals at the specified frequency f. If there is maximum linear correlation, then the
value is 1. Spectrum values in Eq. (1) Sxy(f), Sxx(f) and Syy(f) are calculated by using Welch mean
modified periodogram in Matlab.

The computation of magnitude-squared coherence was done on a specified frequency band
such as alpha and beta bands. Firstly, a whole spectrum was computed and then zoomed into the
range of interest between 7-25 Hz. Moreover, a value of 1 or a closer digit represents high
cooperation between EEG signals and a densely information transfer between the surrounding
hemispheric brain areas. So that, people have used coherence estimation as a convenient measure
to track and quantify the synchrony characteristic of two particular frequency band EEG series
(Dauwels et.al.,2010b), (Pereda et.al, 2005), (Manganotti et.al.,1998), (Giintekin and
Basar,2010), (Giintekin et.al.,2017).

The degree of interaction between two signals among elements of different channels is a
criterion for the analogy of signals. The coherences among the elements of each ROIs were
investigated. In addition, the coherences between elements of different ROIs were also searched
to examine the interrelationship between right-left hemispheres and ROls.

In this study, a 48x48 (48 is the number of selected EEG channels) matrix is generated by
calculating each electrode pair individually. Therefore, a table is formed for each frequency band
that shows the connectivity between all possible functionally independent brain regions.

3.2. Coherence Findings

In this section, based on the above theoretical background and mathematical equations, power
spectral densities and following coherence values of EEG data were calculated for the alpha (8-12
Hz) and beta (13-30 Hz) frequency ranges for 48 scalp positions. They were all obtained for the
real and imaginary arm movement tasks. The maximum coherence values corresponding to each
channel were computed first and then these values were converted to surface maps in Matlab in
order to enrich their expressions. A sample maximal coherence value obtained for a selected
channel is given in Figure 3. The value which corresponds to the highest peak within alpha or beta
band is selected as the coherence value. Table 1 presents the interaction between the selected 15
channels of Frontal ROI. The far most left column represents the selected tasks and following two
columns represent the coherence values between the selected channels of ROIs. S1 serves for
subject 1 and S2 serves for subject 2. The values on the diagonal of coherence matrixes are all 1,
which represent the complete synchrony with the signal itself and the level of interaction gradually
changes depending on the distance between channels. In Table 1, it is clear that the coherence
matrices of the two subjects are not fully coincided. However, the two subjects’ coherence
distributions were symmetrical for all four tasks, which might refer to the consistency of the
experiments and the presence of bidirectional information transmission between related brain
areas. When carefully examined, there are more yellow color areas of high values showing
coherence for S2 than that of S1 in the Taskl. Whereas for Task 3 and Task 4, S1 has higher
coherence than S2. A strong relation between “F1-F3” and “F2-F4” and in prefrontal cortex “Fp1-
Fpz, Fp2, AF7-AF3, AF4-AF8” is visible for Task 1. During the left hand execution and
imagination, the prefrontal and frontal channels showed a perfect harmony.

115



Giirsel Ozmen N.:EEG Analysis of Real and Imag. Arm Movements by Spectral Coherence

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

/\Coherence Estimate
T

0 | L | L | L | L | Il
01234567389 1(}\»{1 12131415161718192021222324252627282930

Frequency (Hz)

Figure 3:
Example coherence graph for FC5 -FC3 of S2

Table 1. Coherence Matrixes for Frontal ROI
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The magnitude square coherences of Sensorimotor ROI are given in Table 2. There is a clear
harmony between S1 and S2 for primary motor areas during Task 1 and Task 3 which are the
execution of right and left arms. There were no significant differences between real and imaginary
tasks (Taskl —Task 2 and Task 3-Task 4). On the other hand, the high coherence values over right
hemisphere channels (right sensorimotor area) are more visible during the left arm execution and
imagery tasks (Task 3 and Task 4) for both subjects. There is a slight difference for left arm
imagination (Task 4) where the sensorimotor integration is triggered for C2-C4-C6.

Table 2. Coherence Matrixes for Sensorimotor ROI
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The magnitude square coherences of Parietal ROl are given in Table 3. The coherences between
“P1-P3-P5” and “PO7-P0O3-P0Oz” are apparently high for Task 2 and Task 4 especially for S1.
S2 has similar patterns with lower coherence values. On the other hand, for Task 2 and Task 4,
the effect of visual imagery is observed which you can detect from the yellow color of “PO4-
PO8-POz”. According to these obtained results of bilateral activation of sensorimotor areas, there
is a clear consistency with the previous findings during right hand and left hand tasks (Gao
et.al.,2011).

Table 3. Coherence Matrixes for Parietal ROI
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To investigate the relation between real and imagined right arm movements, magnitude
squared coherences were calculated for each ROI and presented in Table 4. There is no good
match between real and imagined tasks in frontal regions especially for S1. S2 has bilateral
symmetry around “AF3-AF7” and “Fz-F1-F3-F5” channels. For sensorimotor region, during
Task1/Task2, S1 has highest coherence values around “CPz-CP2-CP4-CP6”. However, for S2,
sensorimotor region “FC1-FC3-FC5, C5-C3-C1-Cz” and “CP5-CP3-CP1-CPz” have the highest
coherence values for all tasks and for S1 for only Task3/Task4. This can be a similar attitude for
both right and left arm execution and imagination. Among the parietal cortex, “P2-P4” and “PO4-
PO8 " are in good match for both subjects. For S2, “Pz-P1-P3-P5 " showed high coherence during
right arm execution and imagination.

It is demonstrated that maximum coherence is observed between the channels in the same
hemisphere and surrounding closest channels located vertically and horizontally based on the 10-
20 electrode placement. Moreover, it is observed that the spectral coherence between real and
imagery motor tasks are low. Finally, we have seen that the value of decrement between pairwise
electrodes is much more apparent in inter-hemispheric regions than that in intra-hemispheric
regions.
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Table 4. Coherence Matrixes for Movement-lmagery (Frontal-Sensorimotor-Parietal)
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Table 4. Coherence Matrixes for Movement-Imagery (Frontal-Sensorimotor-Parietal)
(Continued ...)
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4. RESULTS AND DISCUSSION

This study was intended to differentiate the oscillatory patterns of brain functioning based on
specific tasks during real and imaginary motor movements. We prepared four tasks for right and
left arm movements to compare the results obtained for all tasks. While the previous studies (Yang
and Lu,2018) , (Matyas et.al.,2010) ,(Cheyne et.al.,2006) ,(Binkofski et.al.,2002) searched for the
cortical activation patterns of real and imagery hand movements, the present study focused on
arm movements with additional ROIs detecting the coupling between cortical regions with EEG
coherence analysis. In most cases, PSD calculation between different channels and different tasks
were reported. However, temporal relations between the recorded EEG signals from different
sites can be neglected. We searched for the similarities and distinctions of real and imaginary
tasks. Motor imagination is like simulation of a movement (i.e. kinesthetic movement replication)
without physically performing it. In Matyas et.al.,2010’s, Cheyne et.al.,2006’s ,Binkofski
et.al.,2002’s and Personnier et.al.,2010,’s works, it is proved that there are mutual neurocognitive
mechanisms between real (overt) and imaginary (covert) movements. In their work, it is stated
that the detection of brain activity during imagined activities has arisen that the supplementary
motor area, the parietal cortex, primary motor cortex, and its adjuncts that are premotor and
prefrontal cortices, moreover, the basal ganglia and the cerebellum are also associated for both
real and imaginary motor movements (Personnier et.al.,2010). Therefore, it’s concluded that the
movement execution and imagination come from common biomechanical and spatiotemporal
basics and ensue the similar laws of physical control (Gentili et.al.,2004).

Bundy et. Al. (2018) recorded neural activity in both sides of the brain’s cortex during the
movement of only one arm in humans suggesting that the motor movement information is
conserved across hemispheres, which is different than the previous idea that only the left side of
the brain is responsible for movement on the right side of the body or vice versa. Ames et. Al.
(2019), have shown that signals were present in both hemispheres, and signals corresponding to
the two arms were naturally separable at the level of the neural population. Our results from
primary motor cortex of two subjects that do not show a single hemisphere consistency can be
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explained with Bundy’s idea. According to the results of this study, we can infer that there is
dynamic intercommunication between different sites of brain especially mesial central, bilateral
and prefrontal regions which are more active during imagery acts. These results are coherent with
Gao et.al.,2011’s work who showed the bilateral activation of sensorimotor areas during right
hand and left-hand tasks.

In the development of neuroprothesis, signals obtained from the primary motor cortex (M1)
have a major mission in controlling external medical devices. Some studies reported that during
imaginary movements M1 is not included but this issue was refuted by later researchers
(Georgepoulos,1989),(Miller et.al.,2010) and they reported that imaginary acts activates M1. It is
also proved that the value of functional connectivity between M1 and the related motor area
directly influences the productivity of BCls in both executed and imagined tasks (Sugata
et.al.,2016).

In this study, the coherence results of real and imagery arm movements of two subjects were
not totally in good accordance. Because, the discrimination of motor imagery of different
movements is a challenging task since those movements have close spatial representations on the
motor cortex area. The experiments can be carried out with a large number of subjects to get some
more convincing proofs of motor execution. On the other hand, our findings on M1 and the
supplementary motor area coincide with Bundy et. AL.(2018) and Ames et. Al. (2019)’s results.

In a more broad magnetoencephalography (MEG) study (Sugata et.al.,2016) , it is concluded
that the consistent activity throughout real and imagery motor tasks is affected from the frontal
and parietal lobe. So that these regions have major importance during both overt and covert
activities. So that, in this study, we tried to put forth this relation with a very basic tool EEG and
have found similar relations due to the coherence relation in the selected frontal, sensorimotor
and parietal ROls.

5. CONCLUSION

The present study searched for the most active brain regions during executing and imagining
arms to identify the relational networks among related regions in the frontal, central and parietal
lobes of brain by using magnitude squared coherence analysis which are turned into surface maps.
In our results, both the coherence values and maps demonstrated the interregional relationships.
Recent studies provided evidence for imagined activities involving of the exploration of brain
activity that the supplementary motor area, the primary motor cortex and its adjuncts which are
the premotor, and prefrontal cortices and the parietal cortex are involved. Therefore, the findings
of this study are in good accordance with the recent works. In addition, based on the coherences
between real and imaginary arm movements of left hand, it can be inferred that the same areas
are involved during movement processing.

As a future work, researchers can select new areas of the activated regions in order to identify
specific missions of the selected parts during real and imaginary movements. Moreover, BCI
experiments through a neural prosthesis may be performed to realize the obtained findings.
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