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Abstract

Cybersickness causes nausea and dizziness in exposure to a virtual reality (VR) environment and it is considered important to
dig deeper into how to deal with cybersickness affecting the user experience in VR. Electroencephalography (EEG) has been
used to capture changes in brain responses related to motion sickness and to classify cybersickness with the deep learning
algorithms learning temporal and spatial representations. This study deals with the application of deep learning frameworks used
for EEG analysis to the classification of VR cybersickness. ShallowFBCSPNet and TSception were employed for the detection
of VR cybersickness in a subject-independent manner. From the datasets from 26 subjects with 16 males and 10 females, our
study compared subject-independent classificaton accuracies from two different models with additional networks. The results
showed that the TSception outperforms ShallowFBCSPNet with motion-sickness-related EEG datasets.
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$SQ Score Categorization
0 No symptoms
<5 Negligible symptoms
5-10 Minimal symptoms
10-15 Significant symptoms
15-20 Symptoms are a concern
>20 A bad simulator

H 1:SSQ Score.

31,30 0| HIPRO Choto] £ Eo| Dol SHE
HlolE M4 F 60 H (1 & Zol) O|Btof shEreks 4 Ho
&7pRtel HO[EE shg 9 AT 2H0IA QIS

5 26 BO| M3 MK ClO|EHE Hold 2US B8
s& 9 20| A8 Y2y 23

AEFS A

Hole 27 stg % 21 M0 A8F 26 Fo| HIMA
HIO[Efof CHSIOY, 2 702 2 (28 SEiO s &dt=
2 E0| REO siEst= 1 EHA = 2 EHA) LHOIA
AMEE HIOHE WEst= F8e F7t2 TYSHALE Eo|
720 gl 0 BHA FoM FFE ot Ho|Hel B,
HERo S8E HOHE AM8stR2n, 0| 20| Us
1 EA e 2 BA FUoM S8E Lo HojHel BR

2 ST
S0 5H™E HOHE AESHRILCEH

4. Ha{d 24

2 AF0Me Ho Mz 7|8 HOl dEf 2&F g5 A
21 2M2 9zt "HEld ZEZEAM  ShallowFBCSPNet,[3]
TSception[4] 22 AMESIY TIAHSHSULCE
ShallowFBCSPNet (Schirrmeister et al, 2017) RE2
SthZhend-to-end) SH& WA Jlstol BteE MY
Hald 7|¥ (deep ConvNets)2 HIESZ Lot 43z0|

C2d HIzE Y02 HA=E Y
TxO|CH S| HEYIE AlZH =0f oist HEFM ZEet
SHE) =0 it HA=EFM EEe o), =2 CZE
Moz o| 7|0ist= HiX| H&H(batch normalization) %
Xz M9 gh2=(ELU, Exponential Linear Units)7t A8 L}

TSception (Ding et al,, 2020) 222 (O} M E 7|gto=z

=017]  flgt

[l

Convolution

emporal 2]
40 Units — IR avaY
1024
Convolution 40
(all electrodes) 32
40 Units
40
1000
Square
Mean Pooling —=
Stride 15x1 4o\ 500 A
Log

Linear Classification
(Dense Layer+Softmax)
2 Units

Resting State Motion Sickness

33 2: Structure of ShallowFBCSPNet.
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Subject-Independent EEG-based VR Motion Sickness Classification Accuracy

Electrode Scan Order (A) Electrode Scan Order (B)
Model Accuracy  Specificity  Sensitivity | Accuracy  Specificity  Sensitivity
ShallowNet 70.98% 78.70% 63.26% 71.57% 75.99% 67.16%
ShallowNet
w/ SE-Net (1 Block) 70.78% 71.55% 70.02% 69.92% 74.51% 65.34%
ShallowNet
w/ scSE-Net (1 Block) 69.21% 78.45% 59.96% 69.65% 68.74% 70.56%

HE 2: ShallowFBCSPNet & 28 Hstz Za}

Subject-Independent EEG-based VR Motion Sickness Classification Accuracy

Electrode Scan Order (A) Electrode Scan Order (B)

Model Accuracy Specificity Sensitivity | Accuracy Specificity Sensitivity

TSception 73.77% 71.79% 75.76% 72.52% 72.82% 72.58%

Tsception

w/ SE-Net (1 Block) | 7372%

72.27% 75.35% 72.69% 74.07% 71.59%

Tsception

w/ scSE-Net (1 Block) | 74-38%

74.99% 74.25% 73.87% 73.21% 74.28%

Tsception
w/ SE-Net (3 Block)

Tsception
w/ scSE-Net (3 Block)

H 3: TSception & 27

75.93% 73.33% 76.97% 75.32% 76.18% 73.97%

75.50% 75.65%

PeE A

76.11% 76.20% 73.55% 71.59%
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