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Detection of Fatigue from Electroencephalogram Signal
During Neurofeedback Training

Maryam Dorvashi, Neda Behzadfar® & Ghazanfar Shahgholian

Department of Electrical Engineering, Najafabad Branch, Islamic Azad University, Najafabad, Iran
Smart Microgrid Research Center, Najafabad Branch, Islamic Azad University, Najafabad, Iran

Abstract

Timely diagnosis of fatigue helps to improve the quality and effectiveness of neurofeedback training.
Neurofeedback training (NFT) is a method that can change brain activity by altering brain signal
fluctuations and teaches individuals to produce or reproduce their brain activity patterns in order to
improve performance. Neurofeedback training has been widely utilized over the recent years owing to
its considerable effect on the cognitive processes. Fatigue during NFT is one of factors affecting the
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functioning and achievement of NFT which results in decreased learning ability. Timely diagnosis of
fatigue during NFT preserves quality of NFT.

Decreased learning ability reduces individuals' motivation for learning during NFT. In this paper, 12
participants’ electroencephalogram signals were investigated to detect fatigue during NFT. Two training
protocols named protocol 1 and 2 have been designed to improve working memory. Each protocol
includes 6 participants and 10 training sessions that each session takes three 10-minute training
intervals. Training features in protocol 1 are increased in power of lower2 alpha frequency band in OZ
channel and permutation entropy reduction in FZ channel, while protocol 2's training feature is
increased in power of lower2 alpha frequency band in OZ channel. Occurrence of fatigue during NFT
changes trend of training features. Changing of training features slope will decrease or become opposite
to the goal of NFT. Therefore, examining trend of training features slope is a novel approach in
detection of fatigue during NFT. During the occurrence of fatigue, in protocol 1, trend of power of
lower2 alpha frequency band’s slope in the OZ channel is decreasing and the trend of entropy" s slope in
the FZ channel is increasing. Consequently, the trend of score’s slope is also decreasing. Also in the
protocol 2, the trend of power of lower 2 alpha frequency band’s slope in the OZ channel and score is
decreasing. This shows that training features do not change in line with the neurofeedback’s goal.
Fatigue was detected for 3 subjects in the protocol 1 and 1 subject in the protocol 2. Occurrence of
fatigue was less in protocol 1 compared with protocol 2 since Protocol 1 s training features are
combination of frequency and non-frequency features, while the Protocol 2 “s training feature is only
frequency feature. Detection of fatigue during NFT is an essential issue which contributes to increase in
the effect of training and participants™ performance.

Keywords: neurofeedback training, training feature, electroencephalogram signal, fatigue.
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(Figure-1): The results showed a significant difference in the extracted frequency characteristics between rest and memory

w108 wavelet entropy

555

approximate entropy

permution entropy
T 08
12

i = 2 L &
1%%\\0.6***?
'

== : :

06 I |
0.4
‘f % 02 3
0.2
+
0 + 0 ‘ + ‘ *
restOZ  memoryOZ restFZ  memory FZ retOZ  memoryOZ  restFZ  memory FZ restOZ memoryOZ restFZ  memory FZ

katz fractal petrosion fractal ms
24 f 102f - ' ' 250 i : ¥
I | i H
# }L ‘T 1.015 i | e |
= S »
5B 4 4 =R=iLl
18
1.01F |
I | $ T I I I 100 E E
1
‘§ % s ¥ N - of | I
|
. * ‘ 0 -+

N

restOZ  memory OZ restFZ  memory FZ

- ]

restOZ  memoryOZ  restFZ ~ memory FZ restOZ  memoryOZ  restFZ  memory FZ

Adl> 5 ol sl Cdlo (ot o]yl owdlS 18l Glb S 53 yloline glis S92y oyt gl 1(Y— JS)

(Figure-2): The results showed a significant difference in the extracted non-frequency properties between rest mode and memory
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(Figure-3): The trend in slope variation of power of second lower alpha band, permutation entropy and score of subject 3 at the
beginning of the session 2
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(Figure-4): The trend in slope variation of power of second lower alpha band, permutation entropy and score
of subject 3 during the session 2
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(Figure-5): The trend in slope variation of power of second lower alpha band and score of subject 2 at the
beginning of the session 4
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(Figure-6): The trend in slope variation of power of second lower alpha band and score of subject 2 during the session 4
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