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Abstract: Motion sickness has been a key factor affecting the virtual reality user experience and limiting
the growth of the virtual reality industry. To address this issue, this paper investigates the effects of virtual

reality motion sickness on neural activity in the brain and uses electroencephalogram (EEG) features to
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detect levels of motion sickness. To obtain features that can measure the level of vertigo, this paper records
the EEG signals of subjects before and during the experience of the vertigo test scene, calculates the
rhythm energy and fuzzy entropy, uses statistical analysis for feature selection, and finally classifies and
verifies the validity of the features. The results show that the energy in the 0 and a bands of CP4 and Oz
and the energy in the B and y bands of C4 are significantly reduced when subjects develop motion sickness
(p<<0.01) ; in terms of fuzzy entropy, there are significantly higher values of FC4 and Cz fuzzy entropy in
the & band (p<C0.000 1) and significantly lower values of O1 fuzzy entropy in the 8 band (p<< 0.000 1).
Compared to linear discriminant analysis (LDA) , logistic regression (LLR) and support vector machine
(SVM), K nearest neighbor (KNN) shows better classification results with 89% and 91% classification
accuracy on rhythm energy and fuzzy entropy, respectively. This study shows that EEG rhythm energy and
fuzzy entropy are expected to be effective indicators for motion sickness level detection, providing an
objective basis for studying the causes of virtual reality motion sickness and mitigation options.

Key words: virtual reality; motion sickness; electroencephalogram (EEG) signal; fuzzy entropy
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Fig.3 Statistical chart of differences in subject behaviour for high- and low-SSQ groups
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Table 1 Leads with significant changes in rhythm energy between two states in each frequency band for high -

and low-SSQ groups

Bt el HZ 2 201 AR B AL R I IR R% 22 20 1 A e o o 8 A S BE pla
o None None <<0.01
0 CP4.C4.P8.01.02.02 C4.P8.01.02 <<0.01
a T8.CP4.P7.C4.P8.02.0z F7.F8.FC4 . FT12,T8.P7.C4.P8.01.,02 <<0.01

F8.C4.P8 F8.FT12.P8 <<0.01
Y C4 Cz <20.01
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Table 2 Difference in energy between the two states in three leads for high- and low- SSQ groups
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Table 3 Leads with significant changes in fuzzy entropy between two states in each frequency band for high-

and low-SSQ groups
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Fig.4 Comparisons of three fuzzy entropy values between two states for high- and low-SSQ groups
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Table 4 Results of different classifiers for EEG rhythm energy characteristics

ik Accuracy/ % Precision Recall F,-score AUC
Q+LDA 79.26+2.34 0.78 0.80 0.79 0.79
Q+LR 79.41+4.24 0.80 0.82 0.80 0.81
Q+SVM 74.80+3.25 0.76 0.77 0.76 0.78
Q+KNN 89.13+2.42 0.87 0.88 0.87 0.86
Q,+KNN 68.74+4.36 0.69 0.70 0.68 0.69
(Q,+ Q)+KNN 67.26+5.14 0.70 0.68 0.67 0.67
¢+KNN 82.72+4.18 0.81 0.84 0.82 0.84

3.5 EHEHTESEER

pIERE/IN R 22 TR R . 3T 3.3 9 MO RRAF 40 1146 56 25 1, [ B p<C0.000 1 A9 HEAE , BEA
Bh 42 3 43 2 %, ST WIS A L o 4 A2 U o M BE FC4 R Cz AT 55 25 i J8 25 B50R i 22
(B, BABLE: O (Y 4 55 25 i J3 25 MM 40 22 F J0 N B33 42 v ik 46 7 B R 1iF S 45 & P, ffi FH LDA (LR .SVM
I KNN 47 85 B S 28 00 R 5 2 43 28 [ 6 O 560 0 AR ST 45 1) 6 T X AR 2 465 06: B 86 % 5 AT s
T i PR REAE 55 5 B RE A JC RS [R) BEA T REAE S 6 00 7 I 0 o e R A R THE T R R el s 1Y
12 R 5 ORI G R AE Py RO KNI 3o oA 26 16 B (0 R AE S B RRIE 45 & B Py + PJCA KNN o 3
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S R 6 E AR 05 22 (8 T4 2 A0 A St L R 5 P e AR TR G 50 B RN S 35k (EL (SR AT 45 285 M i Y AR R A i
ABHESE T, SUZIFIEE S J p, M H KNN 25 i H 438 UK IEXT 25 %2 719 1~10 4~ K {32 — i
LSR5 e A i, 24 K=3 I P+ KNN (1) 34 A 56 3 f s, 45 R 0 22 5 R .
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Table 5 Results of different classifiers for fuzzy entropy features

Jrik Accuracy/ % Precision Recall F\-score AUC
P-+1DA 88.33+4.87 0.89 0.90 0.89 0.88
P+LR 77.19+4.11 0.79 0.80 0.78 0.78
P+SVM 84.98+4.27 0.86 0.88 0.86 0.87
P+KNN 91.47+4.68 0.93 0.94 0.93 0.92
P,+KNN 72.15+4.30 0.72 0.74 0.73 0.73
(P, + P)+KNN 69.18+3.42 0.71 0.67 0.68 0.70
p+KNN 87.3943.46 0.88 0.89 0.87 0.88
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