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Abstract. The purposes of this study were to utilize Brain Atlas to investigate the fluctuations in the characteristics of human
EEG, with and without +Gz acceleration produced by human centrifuge, and also to examine the G load endurance of human
body. The Brain Atlas of the EEG signal with and without +Gz acceleration in a static state were compared in order to reveal the
correlation and differences. When compared with those in a static state, it was found that for the EEG readings of the subjects
undergoing +Gz acceleration conditions, the energy and gray scale values of the low-frequency component-delta rhythm showed
significant increases, while the energy and gray scale values of the high-frequency component-beta rhythm showed significant
decreases. Among these, the beta2 rhythm was determined to be significantly inhibited. These fluctuations suggested that the
ischemia conditions of brain had been improved. Also, the recoveries in the energy and gray-scale values were determined to
be faster, which suggested that the G load endurance of human body had been enhanced. The Brain Atlas was found to show
observable changes in color. The experimental results indicated that the Brain Atlas was able to provide assistance during the
exploration of the fluctuations in the characteristics of EEG, and provided a criterion to assist in the observations of the function
state fluctuations of human brain with +Gz acceleration. It also assisted in the evaluations of the G load endurance of human
body.
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1. Introduction

In the field of aerospace, in order to prevent pilots experiencing air syncope during flight, the human
physiological signals under +Gz acceleration conditions require monitoring and further research. In
the fields of aviation and aerospace, the terms “overweigh” and “overload” are often used to explain
the influence of inertia force. Several times of G is equivalent to several times of gravity acceleration.
Under +Gz acceleration conditions, the blood mass of the human body transfers from the head to the
lower body under the action of inertia force. During this time, the brain can easily experience syncope
due to ischemic hypoxia. Many types of physiological signals, including EEG, have been studied to
obtain the early warning signs of syncope. Various of methods have been implemented, such as wavelet
transformation [1,2]; artificial neural networks [3,4]; chaos and fractal methods [5]; and so on. Each
of these methods has its own advantages and disadvantages. The method used most commonly is still
spectrum analysis technology [6,7]. The EEG quantitative analyses which are based on spectrum analysis
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are able to further improve the analysis level of the EEG. A Brain Atlas (BA) is also referred to as
Brain Electrical Activity Mapping (BEAM), or Quantitative Electroencephalogram (qEEG). It is able
to visually and clearly reflect the neural activity of the brain by using a color plane graph, and a side
location graph of left, right, three other dimensions, or many dimension forms. A Brain Atlas is one of
the most widely used methods for EEG quantitative analysis. It has the advantages of easily grasped
operation technology, rapid analysis results, and an intuitive and eye-catching expression. Currently, it
has undergone a great deal of clinical applications [8–13].

In this study, the EEG data under +Gz acceleration conditions were first obtained. Then, the change
characteristics of the EEG under +Gz acceleration conditions, and without +Gz acceleration, were com-
pared and discovered using the BA analysis method. In this study, this was the first time that EEG data
from a human body undergoing +Gz acceleration were obtained using human centrifuge. This was also
the first time BA technology had been applied to an EEG study regarding +Gz acceleration. The result
showed that the BA analysis was able to intuitively and more affectively assist in obtaining the EEG
characteristics. Also, the BA was found to be an effective index by which to observe EEG changes both
with and without +Gz acceleration.

2. Data acquisition and experimental process

The main equipment of this experimental study was a new human centrifuge. Five healthy volunteers
were selected as the experimental subjects. The subjects experienced +Gz exposures according to the
curve set by the centrifuge. The set curve was as follows: beginning from 1 G, a maximum G value with
a certain growth rate was reached, which was continued for 10 to 15 seconds before finally returning to
1 G with a certain growth rate once again. The max G value began from 2.5 G, and increased by 0.5 G/r
until the subjects reached their endurance endpoints or a stop index appeared. The doctors monitored the
subjects’ ear pulse in real-time, as well as their ECG and other physiological signals, and comprehen-
sively judged the endurance end of subjects according to the level situation of their ear pulse, combined
with the subjective description of the perimeter lamps disappearing or the central lamp becoming fuzzy.
This was also combined with the expressions of subjects. The EEG electrodes of 16 leads were installed
in accordance with their positions in a 10–20 system of international EEG standard electrodes installa-
tion method. The electrode at the ipsilateral earlobe (A1 or A2) was taken as the reference electrode for
all the electrodes [14]. The obtained data was filtered and displayed by the supporting software of the
EEG physiological parameters recorder produced by Shanghai NuoCheng Company. Moreover, the data
underwent frequency spectrum analysis, and mapping BA, as well as other corresponding functions.

3. Results

The EEG data of 16 leads first passed the pretreatment, which included a low pass digital filtering be-
low 30 Hz, then a fast Fourier transformation at the sampling frequency of 128 Hz (FFT transformation)
from the time domain transforming to the frequency domain and period diagram of each segment were
obtained. For each subject, the data of 10 seconds during the +Gz action, and the data of 10 seconds
before the +Gz action (at a quiet state) were selected. Then, each of the BA of the alpha, beta, delta,
and theta rhythms was completed. The BA included top views, left views, and right views, in order to
better observe the energy changes of each rhythm at different locations in the brain. In this study, the
segmentation criterion was as follows: delta = 0 to 3.5 Hz; theta = 4 to 7.5 Hz; alpha 1 = 8 to 11 Hz;
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Fig. 1. BA distribution of subject when at static state, that is when 1G.

Fig. 2. BA distribution of subject when 3G.

alpha 2 = 11.5 to 13.5 Hz; beta 1 = 14 to 18.5 Hz; and beta 2 = 19 to 30 Hz. The BAs of the six types
of rhythms were observed. Figure 1 shows the BA for a subject at a static state which was under 1 G of
acceleration. Figure 2 is the BA for a subject undergoing a 3 G acceleration. The figure shows the top
view, left view, and right view of the EEG, respectively. The scale represents the energy value. In the
figure, the different colors indicate the various energy distributions.

The BAs of the five subjects at a static state, and also undergoing +Gz acceleration, all showed signif-
icant changes. Among these, the energy value of the alpha frequency band decreased slightly. The delta
and beta frequency bands were the most obviously manifested. From left and right views, it can be seen
that the delta rhythm had very high energy at the right rear of the brain (the right top part), right occip-
ital part, right posterior temporal part, and occipital midline point part, as well as the right central part.
The energy was also relatively high at the left occipital part, and the left top part. Moreover, the energy
increased significantly, and the gray scale value of the color rose significantly. For example, it was found
to rise approximately five energy grades, with the local value closing to the highest value. Meanwhile,
the energy of the beta frequency band in the entire brain showed obvious decreases. The beta rhythm
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displayed high energy at the right rear of brain (right top part), right occipital part, right posterior tem-
poral part, occipital midline point part, and top midline point part, as well as the right central part. The
energy was found to also be relatively high at the left occipital part, and the left top part. Moreover, the
energy decreased significantly, and the gray scale value of the colors declined significantly. In particular,
the decreasing of the beta2 frequency band was found to be the most obvious. The energy of the beta2
frequency band decreased sharply, and the gray scale value of the colors showed an obvious decline of
approximately six energy grades, which were found to manifest more obviously in right view figure.

4. Results analysis

In this study, the BAs of the subjects when in a static state, as well as under +Gz acceleration condi-
tions, showed obvious changes. It was determined that the energy of the delta frequency band increased,
and the energy of beta frequency band decreased. This could be explained by the fact that the ischemia
degrees of the subjects’ bodies were increasing, sober consciousness was lost, and the inhibition de-
grees of the brain were increasing. This was related to the blood was transferring from the head to the
lower parts of the subjects’ bodies. Therefore, the cerebral areas underwent ischemia and hypoxia under
the +Gz acceleration conditions, and as a result of the centrifugal force. It was found that, having been
effected by the blood and other body circulations, the subjects’ ischemia attraction to the right side of
body was larger than that of the left side of body. The ischemia degrees of the right side of body became
serious, and displayed a close relationship with this special body position. In addition, the beta rhythms,
especially the beta2 rhythms, changed significantly. In a human lower body negative pressure experi-
ment in 2000, it was observed that a remarkable phenomenon occurred in which the power percentage
index of the beta2 frequency band (20 ∼ 29.8 Hz) displayed a dumping one minute before the human
body experienced syncope. These findings suggested that further investigations of the change character-
istics of the power spectrum of the beta band in EEG could potentially assist in a deeper understanding
of the changes in the brain function state. These changes cannot be understood only by judging the di-
agrams or identifications by the naked eye prior to G-LOC or syncope [15]. In this study, the changes
in the BA further verified this one point. Therefore, the beta2 rhythm may become the symbol rhythm
of the change characteristics of EEG under +Gz acceleration conditions in the future. This rhythm has
important meaning for the future examinations of the function states of the brain using EEG.

The changes in the brain function state are judged and evaluated mainly through changes in the energy
values, along with changes in the color gray values of the delta and beta frequency bands in the BA.
Under +Gz acceleration and centrifugal force conditions, a large amount of blood transfers from the
head to the low parts of the body. This can easily lead to brain ischemia and ischemic hypoxia, and may
cause the human body to exhibit syncope. Therefore, the brain appears also to have a series of functional
changes. The energy values, along with the gray scale values of the delta rhythm tend to rise, which
suggests that the injury states of the brain cell functions are worsening, and that the brain functions
have become damaged. The decline in the energy and gray scale values suggest that the damaged brain
cell functions are now recovering. When the power and gray scale values decline more quickly, this
indicates that the recovery of the brain cell functions was faster following the G load action. In other
words, the recovery of the brain functions was faster, which indicated that the human endurance in
resisting the G load was stronger. When the energy and gray scale values of the beta rhythm declined,
this suggested that the blood supply to the brain was insufficient, and the brain as in an ischemia state.
Also, the conscious degree of the brain was decreasing. In the cases where the power and the gray
scale values rose, this indicated that that blood supply to the brain was improving, and also that the
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brain ischemia state and brain circulation were improving. The power and gray scale values rising more
quickly suggested that the recovery of the brain blood supply was both faster and more obvious after the
G load action, and indicated that the human endurance in resisting the G load was stronger. Since the
differences between the energy values and energy grades for the different individuals were large, it was
impossible to formulate a unified judgment or evaluation criterion for the energy values of BA in this
current study. However, the changes in the brain function state could be observed through Significant
Probability Mapping (SPM), which was the BA displaying the differences between the subjects’ data
and normal human data by a statistical treatment, and using SD as the unit expression. The deviation
degrees of the SPM transiting from high to low suggested that the brain cell functions were recovering
normally. The deviation degree changes from slower and faster suggested that the recovery of brain
functions were more significant and faster, and that the G endurance was improved. It was considered
as to whether certain standards could be made for judgments regarding when the human body was near
syncope, as well as evaluating the G endurance of the human body according to large and small values
of the deviation degrees. These topics may become the focus in future research directions.

In summary, the BA is an important assistant means of frequency spectrum analysis, as well as other
digital analyses of EEG. It was found to be an effective index to assist in the observations of the changes
in brain function states under +Gz acceleration conditions, and also to evaluate the G endurance of the
human body. It is expected to become the future physiological index for evaluating the function states of
the human brain, along with the human body’s G endurance.

5. Conclusions

In this study, human EEG data before and after +Gz action were obtained using a new type of hu-
man centrifuge. The BA of the EEG signals under +Gz acceleration conditions and before +Gz actions
when the body was at a static state were compared. It was found that the BA displayed obvious color
changes, and the brain rhythms also change significantly, which mainly showed that the energy of the
low frequency delta rhythms increased significantly, and the energy of the high frequency beta rhythm
decreased significantly. In particular, the beta2 rhythms were found to change more prominently. The
energy values and corresponding gray scale values of the delta frequency bands declined. Meanwhile,
the energy values and corresponding gray scale values of the beta frequency band rose. These findings
indicated that the blood supply to the brain was improving, as were the brain’s ischemia state and cir-
culation. When the power and gray scale values rose more quickly, this indicated that the brain’s blood
supply recovery was faster and more obvious after the G load action, and that the human endurance in
resisting the G load was stronger. In the BA of this study, the energy of the beta2 rhythm changes was ob-
vious, which verified the viewpoints of previous related studies. In summary, the BA showed an ability to
assist in the understanding of the changes in brain function states more intuitively and comprehensively,
and provided an effective index in the observations of the changes of brain function states under +Gz
acceleration conditions, as well as the evaluations of the G endurance of the human body. Therefore, the
BA has a practical significance and important application value in helping to understand the situations
of brain circulation and changes in brain function states, along with improving the understanding of the
signs in a subject undergoing +Gz acceleration during actual training situations.
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