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Abstract: In response to issues such as the inability of EEG rhythm energy to reflect temporal information and
insufficient exploration of spatial information, this paper uses microstate analysis methods to study the spatiotemporal
patterns of electroencephalogram (EEG) related to virtual reality motion sickness (VRMS), in order to detect VRMS,
Using multivariate variational mode decomposition (MVMD) , EEG signals were divided into 5 frequency bands from low
frequency to high frequency. The frequency, average duration, coverage, and conversion rate of EEG microstates were
analyzed, and the effectiveness of these features was verified using statistical analysis and classification methods. The
research results show that the classification accuracy of fusing all features in 5 frequency bands reaches the maximum
value of 83.9%. Therefore, microstate methods are expected to provide new ideas for studying VRMS.
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Fig. 2 Microstate topographic map before and after motion
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Table 1 Significance statistics of microstate characteristics in different frequency bands
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KRR Z 0], BB M2 5 7 Alpha JBLH,B-D
DL K D-B Z [8) i 55 4 R TN 7R B 3 P 25 5 AR BICIR A
Z B AETE B E V22 5 7E Beta B, BURA A-B LI K
B-A.A-D Pl J¢ D-AB-C Z [H] B 7% ¥ 8 AN A7 75 W 35 1k 22
SO HRMORAS Z M B 77 7E B 25 7 7F Gamma BB
FLA-C KUK C-ALVA-B DL K B-AD-B 2 8] B 55 i FARTE
fEmE R, HRMRES Z M ERE p<<o.01 W&
£S5,

6 JT 7 Ry AE SRS BE R ROIR S R B B R B R JE
Moxt ST L B B R R RS AT = S E . Hod,
FE R [ SOk 25 22 18] 1) 2 25 25 A A0 5% e A5 5 Jr T 5 Delta 451
BURR DG MRS Z M M A o B E N
3.5 SVM S RER

J T R AR RSB T EEG BeRAS M EZSEZ
V] AR DG 1 L 8 AR BE (W 5 AN HRAE Rl A HEAT 0 28 k%
SRR AE R SRS K 2 BTN IR 288 T o 28
25, Hoh, SVM A i 4 25 8] rp 2 B0 R A, 5% 1 o e B
FR A 22 38 T8 RN 4% AE 0] DUAT R R £ A PR i g 7 T A
PR 0K T8 412 i R B P AR AR A e AR R R R L R 2
PERE.

T A B B T L P I PR BRCIR S 4 SRR B 40 S B R

0.8

i

[ =3
07 ]

0.6
0.5

3

£ 0.4

#

034

[
R R
EEEEE IS,
b PP
B2 SRR
T

024

0.14

0.0

a-B[a-c]a-D[B-a[B-C[B-D]C-A]C-B[C-D]D-A] D-B[D-(]

Delta

Hh B O T

Grl A 69. 696,75, 10,740 .80. 104 » A HB4FAE 19 73 28
B 80. 7040 i T BN RRAE B HE R R

x2 EWMIMERSABUERESILLERIE
Table 2 Comparison of five feature fusion classification

results for all frequency bands

53 HTT Ik WA/ % ¥R
Ensemble 79.3 Bagged Trees
KNN 80. 1 Weighted KNN
Naive Bayes 66. 2 Gaussian Naive Bayes
SVM 83.9 Medium Gaussian SVM

N 3 Pz 753 AR BE T, Delta A7 B 1) 4 FlVREAE 2 Hh
B g B ERR R . X 5 AT SCAE I Delta 5 BEH) BOIR 5 2
R 2 i 3 A A B O WY — B, LA B i A
A0 ] A ) A R v L P 2 A I IR L B S AR OR R 1
FMERH AR BB AL WS AL 5 A BB LA AR
4 7 2 MR A0 T B U B EL BT AT B A T R AR i Y
Or AR R K B B 83. 904

Li LTI R A K AEWT IS EEG SR A 1 84 M B
R R AR AR v TR AR A B G Lo BE 1 B
ANREAE 39 /0N T 4 450 BE B A B UE B R . AE 2R R B
Delta $5 Bt 4 58 4FE A9 70 FMER A e RMH .

0.8

[ iz
o7 .=

0.6 1

054 T I
N
& 0.4
#

0.3+

TR
B B,
R Ty

T

024

0141 |

0.0

A-B[a-c]a-D[B-A[B-C[B-D]C-A|C-B]C-D]D-A[D-B]D-C
Theta

EAb TR — 115 —



2024F 65 H

AN = A A
HRSHAR $435 FE6HH
0.8 08
‘:lg:’:mﬁ' Dg:ébﬂl
| EEiE | EEiE
0.7 0.7
0.6 0.6
0.5 0.5
: : il
& 04 : 0.4
* H I ¥ H
0.3 0.3
0.2 I 0.2 »
|
0.1 0.1
é
0.0 oL 0.0
" |a-]ac[a-p]B-a[B-C[B-D]C-A]C-B[C-D|D-A|D-B]D-C " |a-B[ac|a-p[B-a[B-c[B-D]C-A]C-B]C-D]D-A]D-B]D-C
Alpha Beta
0.8
' [ =3
=5l
0.7
0.6
0.5
¥
£ 04 H
¥ HI H
0.3 H
-]
0.2 []
0.1
0.0
A-B]a-c]a-p[B-a[B-c[B-D]c-A]c-B]c-D]D-A]D-B]D-C
Gamma
Bl 6 &0 Bl e MR S R g 4 R
Fig. 6 Statistical results of microstate transition rates before and after halo motion in various frequency bands
R3 =PI ERRSEHMLEN SVM S ERER
Table 3 SVM classification results of microstate features before and after motion (%)
L et 405 Bt Delta Theta Alpha Beta Gamma 5 AN B RS
- 349 4 2 i [ 69. 6 66. 9 60. 3 62. 4 59.3 57.1 76. 4
i 75.1 64.3 54. 6 61 60. 3 59.5 78.6
T i R 74.0 64.5 56 61.3 56. 4 56. 3 73.9
B A R 80. 1 69. 4 62.1 65. 3 67.3 66. 3 82.2
A EBRRE 80.7 73.7 64.5 65.7 68. 2 68.9 83. 9
4 W ® MSBECEIE N AL, FRADEBER N, EEG MeR&

AR SCR I L WCIR 25 23 M7 J7 3 X EEG 4243 BE AL
A B AN R AR AR AE 2 B RIS i A2 A BEAT T ST 2P
RIE T 5 il Fh AROIR 285 0H S 1) A I 2 i LA K3 ) % Bl &
AR BTSRRI e BT AL BOIRES DY
4 FRHEAAAE p<<0. 01 By EME 2 5, H 5% A Kk
HAR LU 785 S E K A 05 OIRES D RO ARAE 2 ) S 2 7
r R X AT RE R B T RORES D SR M A K.
TR AT M 0052 980 AT 95 i), Bl ) 1 20 B i B 3l A

— 116 — HEARTFMEEAR

B4 S 38 5 S 5 i) L7 25 3R DA B 3 3R 1 o 2 Al R AR AR
2 o A B0 2 B P T BRI B B R B T v, ELAE A
TS S L PN S ) A 28 o i 3 R R 80. 1%
X W B S A ] fE IR A 3T VRMS (08 200
fiE . MAh . Gamma $5BE0 IE A RRAE B H B p<<0. 01 19
E 25 5 0 Delta 85 B (1 42 8RR AE 14 43 J i 0 3R 35 2] B
K. XTARES Delta #7881 iR 40 F KK AL 2 RS T 1
F 5. Gamma I8 F B & G0N Y BE L2 S FHe AL
A, B RN TE S BAL B LA KA [ i X 22 8] i 5 1R %

Hh BB O T



2024F 6 B
$43% FHH

Sy b R B R B BOE WA BE A Delta 319 H
B, 3 AT AE S R TR B Bl AR A AR L s A O 2 B
RORUBON TR TR PRI R O7 I B R . DR e A B
WB Y EEG SR 7 43 1 - Delta S BEFE #58 VRMS Jy 1
CIRER eI

WS EEG RO A SCRE WS 5 TR A M B A% K Jiki
TEARTRNAE 55 FURZS T it or . (B . 78
BN .5 VRMS H 5 8 I A fOIR 25 09 1 B0 R A0 B
i RAE B S TR PR — 20 BORES A MRS C ZE
FE R e R 8  . ITERT 5 VRMS il B BOIR
S GUR T IRAWESE LR AR R AR OR A A AR S fi
JH g 52 30 5 0 2 5 52 010 A 2 X L B L TR S B E R AR R
RIS 2 Bei S8 IF AT 55 25T B0 i AL RO ik
Z— WA S (8 RO T 2t L RN R
A —Bk XA BB A — E 1 22 k. R A SUE EEG
TR 255 22 BIAE 22 18] A9 AH Sk D7 T A T — 6 Bk L (HL))
FFAE— S8R BRAE o AR SOR X BN B3 Be 47 TR Af 1) 7026
AR I TE B IZAE WK A 70 FE 0 07 TR R AR AL T7 1% .
(e B o A7) 5 B — 20 BF 50 I b SRR 2 TR ) B2 2 B R L L
Lo 5 BRSO 25 28 R 5% B9 R 175 3

5 & g

ASCH T EEG SRS 2 BT 7 B 058 T VRMS
KWt sh Z M5 % . EAMIE T EEG #4817
YIRS H] L BT 3 T RN G 4 R e R B )R AR
fetass. 340, A5t iE i MVMD 43 f# EEG B 76 5
AU B £ BE E— 4 B EEG SRS 5 & 3lE B E K h
BEZEIMELR . BFoT 4R, 75 25 B 1Y EEG ROk 3
4 APFIET S HOIRA D AHSEM 4 FARAE 7 2= B a0 s M TE
R FEEZER (p<<0.0D, HHCRZE D By 3 MW AFE &
WORZS D HALRCR S H B MR B B E 4.
A B EEG OIRAS 4 MNMERAE T . Gamma 8 BE 19 F
YRR S2mtu) | B R R 55 R e AR R (p <
0.01) s Delta 45 Bt 7F A 45 Bt 1 B P9 T 75 R AIE 25 45 43 2K 1
MR A, I, Delta 3% BE 0 B2 AN X 40 2 SIAE & B
AR

2 % x o

[1] KESHAVARZ B, GOLDING J F. Motion sickness:
Current concepts and management [ J .
Opinion in Neurology, 2022,35 (1): 107-112.

[2] YILDIRIM C. Don’t make me sick: Investigating the

incidence of

Current

cybersickness in commercial virtual
reality headsets [ J]. Virtual Reality, 2020, 24 (2) .
231-239.

(3] RRWB, X3, F0r P, 4. 2T HFD Ml LZC H#Akk
A B A A i A E R B ST LT . AR AX

F22H.2022,43(7) . 181-190.

Hh B O T

(4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

MRS HA

KANG X Y, LIU S, SU F Y, et al.
depression recognition of single channel resting state
EEG based on the combination of HFD and LZC
features [ ] . 2022,
43(7) . 181-190.

Wb, AL, #ER, 4. ki BCT & 4t 1Y 48 1
FRFaRERLT]. 7= 54882 ik, 2022,
36(6):1-12.

XIE SH Y, TANG ] B, CAI'Y, et al. Development
status  of
platforms for EEG BCI systems []].
Electronic Measurement and Instrumentation, 2022,
36(6): 1-12.

BRECHET L, MICHEL C M. EEG microstates in

Frontiers in

A study on

Journal of Instrumentation,

software and hardware development

Journal of

altered states of consciousness [ ] ].
Psychology.2022.13: 856697.
HU W, ZHANG Z, ZHAO H, et al

microstate emotion

EEG
correlates  of dynamics and
during video watching [ J J.
Cerebral Cortex, 2023, 33(3): 523-542.

HAO Z, ZHAI X, CHENG D, et al. EEG

microstate-specific functional connectivity and stroke-

stimulation content

related alterations in brain dynamics[J]. Frontiers in
Neuroscience, 2022, 16: 848737.

DA CRUZ J R, FAVROD O, ROINISHVILI M, et
al. EEG microstates are a candidate endophenotype
for schizophrenial J]. Nature Communications, 2020,
11(1) . 3089.

ZHANG C, YANG Y, HAN S, et al. The temporal
dynamics of Large-Scale brain network changes in
disorders of consciousness: A microstate-based
study[J]. CNS Neuroscience & Therapeutics, 2023,
29(1): 296-305.

SesrTr s AU, JA g TR AR A ) R 1
VR % % % g fE 48 A7 (T, 8 7 I 4 4% R, 2022,
45(20) :43-52.

CHAI L N, HUA CH CH, ZHOU ZH F. Analysis
of VR induced motion sickness based on EEG sample
entropy power spectrum [ J]. Electronic Measurement
Technology, 2022, 45(20): 43-52.

S I R A N T I S B R B DR ]
L2 R AR B TR B [T ). % R R 22 4R 2020,
33(6) :853-860.

MENG M, YAN R, GAO Y Y, et al. Multi domain
EEG based on
multivariate variational mode decomposition [ J J.
Journal of Sensing Technology, 2020, 33 (6): 853-
860.

VR AT, A e, B TR A AN A i 0 R A

feature extraction method of

EAARFMEEAR — 117 —



Al

[13]

[14]

RS A K

SRR S T iR L 2023,42(9) 1 1-8.
LING W, LIANG ZH G, LI H Y. Joint denoising of
pulse signals based on variational mode decomposi-
tion [J]. Foreign Electronic Measurement Technology ,
2023,42(9): 1-8.

REZE ., WO, R EE AR B T ROR A Tr s 00 58
HLAE 5 B BIT 58 [T A% B R 2 4, 2022, 35 (12)
1671-1677.

XIONG X, LUO J H, WU R F, et al. Research on
epileptic EEG signal recognition based on microstate
method [J]. Journal of Sensing Technology, 2022,
35(12): 1671-1677.

FEy T AR H PR ROIR 3 43 AT B g F 5
R[] YR TR 2 450K, 2023,40(1) : 163-170.
WANG H L, YIN N, XU G ZH. Progress in EEG
microstate analysis and application research [ J ].
Journal of Biomedical Engineering, 2023,40(1): 163-
170.

TAIT L, ZHANG J. + microstate: A MATLAB
toolbox for brain microstate analysis in sensor and
cortical EEG/MEG [J]. Neurolmage, 2022, 258:
119346.

118 — SR A

2024E 6
H435 FLH e

[16] KALBURGI S N, KLEINERT T, ARYAN D, et al.
MICROSTATELAB: The EEGLAB toolbox for

resting-state  microstate analysis [ ] J. Brain
Topography, 2023, DOI. 10.1007/s10548-023-
01003-5.

£ & @& ot

¥ SO L W5 AR L BRI SE 5 1) by ik {5 Ak B
5 M AU 52 2 B
E-mail : ywq792997@163. com

A BRI GRLE A 320) o 18 L YR, A1 A S 0, 3 B2
T RCA B A S S I L O R B ST S AE L TAEIC
1055,
E-mail: huachengcheng(@ nuist. edu. cn

B, 1, 2082 W R R W, E BRI ST O 1) Ol B
PUE = Ak B BEDL > A R Se 5l BB A T 5 12 .
E-mail: lpyin@nuist. edu. cn

JRt R el T (1 o [ I S T Sl )
FR G0 T RE 2 W7 SRR TR M AL 0 DL A ) L
b5,

E-mail: yingyan@nuist. edu. cn

Hh BB O T



