VRZET AL - Automotive Engineer

BT I A E AR 5 S 0 5 X R e B AR 5T

LY ERHER AT T kE? O BRR?
(L PU N Al TR AP TR 2B, B 64300252, 5 P SC R~ B B Be il i TRE#Be , K 4021605 3. fiti %
R R A PR FEE , B 400038)

U Veh o £ S0 B0 25 T T 53 5 2 7 S , P06 5 ) 44 DA ) A, 352 44— 5 i ol P13 BT 1 36 5
SRR o AT AT o I B SR AR R LR, 3E 2 BB S A B SN B EREE R4 30 A4 A ik FLAE
B BT T UE S L S &L 3 R SR AR 7 5, G54 MR PR £ o e R P 908 7 22 IR E (e E |
il B ) 5 0 SO A 1 5 00 e 500 1 2 S A RIS R | Lz B R E— 25 P4 T 3 B S Sl e 1 2%
R . ZE AR T od &MU 7 B MR AICR B AT, G248 B (RD -3 3K B 58% 5 B — L5 77 BRI MR IR 2, &%
A ROT I 35%; 20— 50 2 (RO B AR R e 2 | A BOP 4900 21%,

KEEEEBAFME HEESE WEEER BREZM =SIEIRA

HESEKS.U463.6  CEAREM:A  DOI: 10.20104/j.cnki.1674-6546.20250257

A Study on the Alleviation of Motion Sickness Through Olfactory
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[Abstract] To address the issue of motion sickness among passengers in autonomous driving scenarios, which
significantly compromises the travel experience, this study proposes an olfactory and auditory mitigation method based on EEG
analysis. Using mint gas and alpha brainwave music as stimuli, an autonomous driving environment is constructed via a driving
simulation platform. EEG signals are collected from 30 participants, and three motion sickness mitigation protocols (auditory,
olfactory, and combined auditory—olfactory) are designed. Combining temporal and frequency domain features (mean, variance,
skewness, kurtosis, power spectral density) from EEG signals with classification algorithms, an EEG—based motion sickness
recognition model is developed. This model is then used to evaluate the efficacy of the three approaches in alleviating motion
sickness. Results indicate: The auditory & olfactory protocol demonstrated the highest efficacy, reducing Relief Index (RI) by
an average of 58%. The olfactory—only protocol showed moderate efficacy, reducing Rl by an average of 35%. The auditory—
only protocol exhibited the lowest efficacy, reducing RI by an average of 21%.

Key words: EEG features, Menthol gas, Brainwave music, Sensory relief, Motion sickness
detection
(SIAEN] Bk, Rifla, 2500, 45 . 25 TN U RRIE A W58 5 WT S X S AE 1 B AR 1D]. V04 TLREU, 2026(5): 42-48.

FAN Z, TANG B B, L1 Y, et al. A Study on the Alleviation of Motion Sickness Through Olfactory and Auditory
Stimulation Based on EEG Features[J]. Automotive Engineer, 2026(5): 42-48.

SILATUH : E K A ABIF R4 H (52402444 ) ; TP HAABMF A4 11 H (CSTB2025NSCQ-GPX0336) ; H BT ifF 5%
AERHIFEIHI H (CYS240776) ; 8 PR SCHR2EBEWFFE A BHIFRIHT H (CUAS-GSK2024001) 6
WEVEH & (1990—) , 5B 14 BBz, 25T 7 0] iR 4 Rt P AR BTN AR | il gl ZE 3 5 2 S e
PSRBT A O AL 28 U S5 R 715 5E | tlangbangbei@126.com.,

2 | BREIE



T B, A5 T AL R A IR

ST BIE R Z 5T

e e

[l

SN T A, 78 A s B M, 2
i 5% B Ao 0 o A B 52 L AR B AR A A
AHSCAE 55, X A A (B 0 56 72 TN 2 4 iz 2 5
i RN 2T ) 0 AR v 52, A R MU R 1 = B 1Y
K R TR AP Sivak I Schoette £ % il AR
NAETR AL H 825 3R iF 2 5 116 sh B 17 o A o
REM, & KEZINENTE G 14%, Hri 17%
MR o A LB B ESE L, Hit,
TR AR AR A B 5 T 48 10 2 o)) 5 2% i R
W, 2 AHILAE BR800 358 ik A5 fifk e 1)
(N EF

H AT, 2 BVE A I 8 2 8l iE 1 2% fif P It
TR BRIl 5 A i s — 3L
A HAth B 2 2, AT LA B R g R A M ARl
& B E B TR e . 7618 2 IRE 1
A, Wyt 5 nug e 30 B KR N TS . 7EWT
it 7 TH : Kuiper S8 5% & 30, 75 %5 ] 25 [8] (1 1z 3h
2 BB LA 38 A W e A R BK & A i is
S5 B, T 2 sl RE fE R U 52— 2F 5 Keshavarz 55
F 58 & B, 15 O 20 M D A0 8 R mT LoD T & %
BAE (A A 5 Li SESE ST T 4 B2 (i A4
PEY VIR 9% ) WO AR ONE S Bl A IR T AR T A R R
B R SR SRS RO Sl hE BAT A 5%
fif A Y o AR WELSE T 1T < X 95 SE O 5E R B, WA 5F
A= ZERE I R B I B XN B A O [ R
FER PR ROR , Horb A= Il i ROR 5o 1B 355 58
BLAEIOHE Y, TR A R Mo oK B RAF
T 7= A HT 5 PRERHEAT ) 58 4w AR 9 1k e R
W, 20% ¥ BE 1) 22 46 SR IS8 0 3 AT DA AT 38008
R KX R ECE T RN T A B gl
fi sk — 25 A AT AR PR v B A s Y AT AT RN
AR AR M

SR, Y AT T MRk 5 W o 1 F0 28028 1 17 A
KA T FE 0L IR) 45 (Chn -2 3l 3% A BRI A4
PRI AR (A0 H 0028 e 2 X6 KM oA b 229 B
B E 4 R PEAL |, IF B, 78X 2 3 E 1Y 28 i 1
R RE TS 2 ECE TR SCR I R
VEE— 2503 B o PR, A SCLASHE A A0 D o i i3
BRI SR IR T I H R A e
B MR T & WL 3 b T 58 0 = Bl I % il R

(22 520k, D4R A 325 Bl Bl AE 22 Ak 19 A 2k

1

i

DL R AR K F 32 Bl R AR A Y & i 1 i v R AR
T 18]
2 EHEZFRE
2.1 #HIKEAM

RIS T 3024 P AR B0, w98
LB 201, P AE R 25.2 % AT 2 4F K LA
R SRR S R e A
O PR B W55 T 0 S B0 R R L AR
I, R 5 5K T 12 T 0 5 1k 6 45 A 1) Bl
bR o B R En 5 A T 6 R ) 3
A A N A 5 AR Th A S AT 55 L
AR TR T — W SRR AR 72 A2
22 HEH=

056 2F 5% i E-Prime 3.0 AHLE B & (E-
Prime 3.0 .0 H 7 X 5 8K fF . o &
(Electroencephalogram , EEG ) B K% -5 ik HLIE L W5
AR SR A OET 2.0, V99 H 225 B AR UL &% i A5
SR AEMEH AR R, AP BTN o I ELA S R AR AR
P T RAEWORE S, th T AR 2 401k,
IR HL AR 5 2 B AN AR PR B AR AR T A2 A, HA {5 56l
55 MR R FHAILYE R AYAE AL . Electro—Cap 64 38 18
T P R PR A B R T R B 1020 Bl R R R G
7, CPz F1 End H A% 73 51 FHAE 225 R, SRAE A3
4500 Hzo A SCH EEG UK AR5 64 1 IE AN HLIE A
15 5 R AR A ErgoLAB SR AR FLh L4 1035 78 2=
LR TN R R

BB AR 3L OET 2.0

Ak
E~Prime 3.0
PN ELRas
i
i HL
ERTw:y
Hals
B
we i £
RAEH

B s s
ML R AR BG4 OET 2.0 Hy 10 bR PR (U

FEIH) 10 G5 AR [R] 1 A BRI T o SR A
W 2 7R o SRR 227 W 1 25k A B2 5
FU, SRR AR e 5 i P 2 06 S R A -
Prime 3.0 52, AR $5 3 56 75 2208 WO a4 il , T
PR AU IR AR ARG 2 E-Prime 3.0 3% 4% H-
PLFE K -

2026 £ H58 | 43



TER , A5 T LRI A WRUE 5 W 5 X 2 SR 1) 2 i F 5

B2 mad A e AL

i Tl h G EEoR O e SR E T R
i A5 T S s 2 R T i 2 sl R AT e
LB ERAVERE ) T B AFTE L R BUR SCR
FI 372 B RSP A5 2 A 98 AU R 75 e Bl 10
HPEMIFREMBAE S . ZH R ELERBLET
A, TR O PR Sl AR T | R 0 Bl XU, O
H g FREE AT 45, RS A I8 1 L0 B Sl R 2 A
ReAFs K AN )RR BE 1Y) B S 0 5
2.3 FREKITE

Rk H EA SF 6 JF & 1 Forza Horizon 5 #4:
FISAT- TR VOO 25 B ASTADL g 5 A ABE 400725 Juf B 455 (LI
1), IZ AU AT DAASTADLAS b 53 A S22 sk AR rp
18 PR ACH I EE , HAL & ERAE RS SRR &R
GEAIE W RGE 30 A RIER AT R A
S5 ] 2 VE |, 7F Forza Horizon 5 N B 8 v UE 47
TR, 0 e A

a. A7 AR IR i B e e T VA Wl A 1 ]
B R EE I 5T

b. B2 e L1 BEE X R 2Bl & ™
He R RN

c. WPKA IR PEIE b, 5 A FE S AR S RRARTS A 2K
SRIT 3 I 57 , 3k v WU AT e PR 4 s ek s T
E7/RE W

HR A A 00 35 i 5 2% B, B o A TR 52 2R BE
AN TR B K Z2 b i i M 3 CRREAR D35 | Ll |7
FUICTT ) | B 2500 P& PR AT BN (] 192K F 5 ming £
XF ) i 64 5 4% 18 L 43 00 P R A AR B (Misery
Scale, MISC) 1 2" 407 H A it 25 o 3R (9 55 7 1)
FA 54 (Likert) £ 26" (I #6524 2 ) 10 sk gl &
Bl AR MR N~ 3R Pl E e —
SR1H B AT B S S B 3R, 2 MISC 145 >2 I
R TE K L), i e 42 2T 1S d i
JE WA PEAT 3 min @ TGS

44 | KR E I B IF

Rl BEEEER

LN TR MISC
WA AEATAE I 0
A LERET I, AHTCRR AEAR 1
LR 2
Moo RV I IR RIEMERZ , | i 3
.Llﬂﬁ,m%/rﬁ%ﬁg TR, ﬂﬂ%‘,ﬁ ) 1
LTI 2 HASE
JUH 5
B 6
o Ll iR 7
- e 8
X 9
MX 1t 10
F2 HBREEER
HE RS IHE
SRS T FT Sk BT R, 2 O R 1
K D18 Feil AR R i R Re e b i 2
THR(HA SERAEL, X AR SRR SOV AAH A58 | 3
A B R B B UL, A 4
B UL, AL BER T J B S 24 AN R, R4 5
e i ARALUR T (H 55 7 DR Sk B v e, ok B 6
ANETESS SRR R AR DR ARE , A O i | 7
e 8
%3 LikertE%
Wi | EX ik
1| R | JLPICF s, e BOCAT fo B it sl 25 £k
2 [ HARERIR | AR R R A A B
3 A7 5 (e e =N N EE Y (S
4 Hhag T R R A IR R R
5 [Zpi TR | T i BE A PR
6 | AREEME | B O (R BRM+ 2 538 23)
7| Wi R AE JUF- T 58 B BT 55

8 3 K-3{E (K-Means ) 25007, 5 58 I AE 3
AYEFE R PE LU 3 T o

3 R AR,



TER , A5 L T i AR F

ST BIE R Z 5T

H 3 T, T B 2 L 3 B A B B = B
VR BCR A TE e 2 S5 (N R0 57 , DR 1 5 3
5 3 0 i SR Y R SIAE S S AR, QAT 4 B

i Yo X ‘ s . ¢ (.
¥

.

K4 aHE 335

24 HIEFRE

30 A AR FE B R 34, AL 10 N IR
I, 3 kA A, T 25 F (S SR AR
Jo B R A 2 BEHUR 85 67 18 H BB A B[] R
FrRY S —BEmF ] (1 min) J5 B iat 25 0 A #eik
AL FFEIE S RS S T AE RS B AR (A1 3)
TP TR NAE S A RS R R T, BERR 2 min B 32
IR e B MISC i R N A R & ), AR I bk
A B IS MISC &%, J 298l 5 2 sh e 2
BEIR N 2 G K VA B RES o 25 R T 5 Sl 2%
FLrpas 1 20 R B8 FH o i S RN AT A T A T 2%
i, 55 2 AN T o 0 U SR G A L 5 3 2L AT HH
T A I 2 i o 10 58 B, AR 3 2 i 3 A 2 i
H 5 R LA 5o

3 XIEEREALE

3.1 EWREE

FEREAR S BT b, B F B i 5 s o
NANTE B PHZEREAS . AR 1 ) DAAS 3 A A 1
G G AR, JT 0 HOR U AR 34918, LASF 38
5 AR AR I B4R A e R 1) ST 2 AR A R A a3 B
BERE R T B A RN . SR B REAS LRG3 A
FE AR A S i T (P) |, P<0.05 B g A e i 3
1, Gt EE RNk 4 s .

4 FREMRAENERYE

, MISC
BRI g | || | F
Wi 3.200 | 1.500 | -1.700 | 6.526 | <0.05
MEL B 3.100 | 1.300 | -1.800 | 8.995 | <0.05
Mg &MRSE | 3.100 | 1.200 | -1.900 | 6.042 | <0.05

=23

AN, BT A 7 SN = ST i G2 R B A
BURAT T, HLWT 5 &WL5t 2 fif 07 SR B A, RV gk
BT AR, AT RERY SR L T RS [ i

6 2 S 2l I, 7 A I IR) 3 80/ S DT B A A%
PR T E S 56 T .
3.2 FEANREE
3.2.1 HdEiab s

EEG HL A% IR 10-20 b5 fE S IR RGUE 45 H
38 T A7 B UL S T o AR I T BE 43 XD 0]
A SR AR A3 R A X (Fp) (B IX (F) | H ok
X(C) T X (P) AL X (0) H AR T RE Ak .

F7

FS w3 ]

*Fz

*FC5 *FC3 *FCl *FCz *FC2 *FC4 °*FC6

s °C3 «Cl *Cz *C2 <4 .C6

CPz * CP2. cp4

TP7-
*TP9

.p3 “PL Pz oP2py
“P5 -P6

R «P03 POz .pog

.0

<0z

E5 EEGHWGEIEN &

AR F MATLAB W9 EEGLAB T H 4 X fiki
HL(E 5 AT TAL B, ik HL {5 5 PR AR i R vh i 32 3
AR TE FER S 0 2 M DR O Ak 38R A DR (5 55 T
S I 22 50 B W 1 10 G S L AR R U RN 2 B
sl B WESEAR G, S AR OCRY  H E
Sl (8~13 Hz) .0 9% (4~7 Hz) , IF LATEDE D 25 b %
BT 3~15 Hz B8 8, AT A 00k B8 i /5 2 19 i
g3, 2R TI0 IR A0 Rl A s S

HE P AL B S PR AT A0 ST R 43 43 BT (Independent
Component Analysis,ICA),ICA E—FIE TS M aeit
R H I 8 0 s, HA O B AR N Z oo W5
5 R LR A B T S Y TR IR A A . TR E
G A ICA BB o Sk BOC SRR A5 5
A TR A 2835 B R 5 Oh e 5 2 1 S i 18, R
155 WA v 0 P i A D ) S B o3 4, A
SRR

X=AS+e (1)
A XeR™ i 18 Y 1l e X001 5 A6 B 5 € il
TR, 2 U I AE 5 6 B X AT 405 SeR™ S il ST
JIG G 0 ERF T 20 A 5 M oA Al B 00 b S R B i 5 T oy B
A 38 B /A A B Ta] S B RIVAR B X RS
A FEL s A A 5 A 5 1R B RERIHERE 5 & ik
M7

2026 £ H58 | 45



TR, A5 < T I L AR AIE A W5

ST BIE R Z 5T

FAIE SR IR
il HL AR 5 — PRI AR5, RS e S 1
5 RN ] 2P B0, 20 M i i S 1 S A
T 25 R sh AL o AR SCHR RS Ip Sl RS A A0 45 - 24
{EL 7 22 A B R,
— B[] DAY i FL A5 R AEL AR PS4 (R -

N

-
K=y 2 (2)
AT 2 VR 5 i B A A SRR B, v B A SRR
A BRI L
EEG Jy 22 3R F {55 W (6 A 5 AIOR 2, S I
W B PRy 5 -

= D, - (3)

s 3% B AR 5 B X R A, S Sk 2K
o

i B A e G RS R A B AN X AR
TE A 2 78 g3 A D A7 50 26 7R 23 A O A, L T TR
0S5 ik L T 20 -

322

EDYOE
§= it
k;/z
ﬁEFI :kzi‘j:mqj‘[)%ﬁc

W JT TS 5 WM 5 O B
1 N
AT ‘»,]( i )4
K: lN 21— * M 5
FONEERY
T8 5 (Power Spectrum Density,PSD);Eé%:z
TEAR 5 SIS RE B o0 A W G T o, S A 5 ) 2% i i
AR . X Tl LA S, PSD 38 1o e B AR
Pobs IF R, A S e e A, A AN R T R (U o
e 0P I RE R R
i /R A1 (Welch) Sk 1A D 25 % B, 1
e N I FLAS T A ,i=1,2,0 - N AT I L
B s &ﬁ M/l\ ﬁ %E "-J—i s ’;’ﬁ k Eﬁ%&%}%j‘j xk(n):x,wk’ll—ﬂh
0<n<M, 1<k<L, FYR XF 5 B B0 147 7 oK 85 w(n) b
PR SRAS A Bk 0 e A

(4)

(5)

2

L(w) = | Sanyu(n)e | i=12. -1 (6)
At U= LS B A T 0
.

ZJE R T A BOBOT- 1, 45 31 R 2 10 D) R A5
46 | KRE I B

JE

Py(e) = iglk(“’) (7)

323 HETMNHLE DAY r A

ARSI AR e P B B i B s 2 1
HESE I3 MRS BB AR | S 1 SRS RL X N L £ S 1)
PR B BRI I 2 i /R AR BIR ], SR IR 8 1
FME X FAARICT 5 s Bl LA 1 s Jg 20 K47 73 B
(EHAKELs, H & 4s), ZITETERFFHEFAC
P A5 MR FTHR T, R Eo 2 5 2 54, Rl
3 3 SRy S [ 6 198 - 3% 5% 55 00 A0 A B XA A B
SEIR [z A RE ™

BIXE3.2.2 15 S ) Z2 4E i AR IR, RGE
T K i1 4B (K-Nearest Neighbor, KNN) | 32 #F [1] & #L
(Support Vector Machine, SVM) | [ 7] 1% #& (Back
Propagation, BP) #fl 2& W 2% | B HL # Ak (Random
Forest, RF) #1312 #4 [a] )5 (Logistic Regression, LR) &5
PR R L 2 Sl R A TR i PERE R B, Ry T
D532 TR A £ B g AR 5
3.2.4 HERIPPAL

PEFHHERH R (Accuracy ) A 1E b 5 B iE U1 A Y
(PR BE VA HE R -

A=(N NNy ANy +Ny N, ) (8)

Ao Ny, R ELBH R, N A LB, N, R
PR R, VA R B

BRSO

4.1 1EBREHEER
i 15 Python 43T 4B RN 54 i (X (1) e A3 38 X
IO IE HERR R 2R 0 i 6 s .

4

100y
0.95}
0.90 |
g 057 9 A o Sf L
i 1 LAY
osol | i s BPW;M@
i S Pl AL AR A%
ors| 4 D e EEEE
i 1
E 1
070 —L— P SR L
UL 1L S R P (L) S/ A

K6 FRITE S AN IIX 9324
HI L6 AT AT, 7 5 AN XA BEALAR AR K G 408
SEVE YR I s B A R, SCf 1) B LR 2 4 0]
VS0 X 00 - RS P G DX A DA e I R, (ELAE
oA DX AU R b — 22 , B 28 100 28 3% DR 22 U IXC 1Y)



TER , A5 L T i AR F

ST BIE R Z 5T

PRAG PR BE R A T b S5 TR AL X, BEHL AR AR
BB PTG R T HoA 4 FISESY IR MG, e 25 08
B DX, SR FH REAILAR AL A Sy e B 2 A PR il A
R R VA R MR 25 A B 7 BT R

e %
1.0

0.2

T {E
7 BHLAR PRI R
42 BIEEMER
Koy M 3 PR 7 ZE (Wit IRLBE | T B & MR
X2 B RE W R R AR WG R T R S SRR
BRI Pt DX B P 4R i i A 2 Sl TR AR A | AR S L 2%
fi# 450 (Relief Index , RDAVE W IEM bR «

R,-R,
R,
R, Ry I3 0 R G 5% ik S A AU T 1 MISC

W
it AJL AR MAASE TR F0 0 A By 45 2R Wl 3 RO R Y
A 3 R AR AN A 2 Bl 0 A5 (BRI B R B v AR
(Wilcoxon) £ 5 Bk K 56 , P<0.041) , & Bt it 9
(Conover) I/ LA 43 M, 3 Fh & 1 WY [R] A7 Ioh &
PE2E S, U6 BN 2 Bl IE 28 i 7 S8 1A Rk o L T i
&MLBE A T WU R e B =, E R TR
—RGE R — W58 7 58, ANk 5 TR o
x5 3MBRMOGITER

R = x 100% (9)

p

IR coontele | Conoverfilt
Wy 0.21 0.041 0.002 (5 HF 5 & MR5;
WEL 58, 0.35 0.002 0.018(5Mrt)

W &MRL5E | 0.58 <0.001 0.035 (5 ML)

5 Z5FRiE

X H 302 B T e Bt 5 kA SR Y ()
R A S M — T I PR 1) ML 5 1T B 4 A
ik, A SN o 8 5 SR AE R 2 SIAE 2% R

BRI, EEHE S5 R TR, o  RnE it &
WEL G 2% fiff J7 58 XoF 5 Bl AE ) S e 44 FLAT BRURAE T, L
W & ML 50 28 iff 7 28 W = B RE S5 P e 3 0 3
T il F BRI 1) 43 BT 2 R R W & MR B B T T
R AL, 5 EMITE 45 R A0 — 2

25 b AR LT IR 5 W u R 3Fe D1 A Bl E 5%
it 7k HR Wi & WL 2 A ASCR e b, R IR Z, B
Je 2T, Bl 22 N S E B S ORI WA T
B RE RS RACR .

SR AR 7R T R T AL AR AR HL XS Al - X
PEAT VA 7R 2 SRS v A B | OF- 25 T I 56
UE T 22 BE X7 SIAE 19 S i AOR W B0 T B — IR
B AT — S R BRAE  AEAS A D e —E TR
AR T A5 BB E 5 TR AL R B BE, AR R
T R EZEAT 20 AT, IF R DAL A [R]ARAE ) 2 5
iE 7328 B BT RREE | 52 W A R 14 A R 1 AU AL g
PRI TE 2 WA b E T, S E I A B R A
TE—5E 22 5% , AT RES Wi 2 S IR 09355 A o B MG P
Pl 37 5

JREEWE T, P — LIRSS B Y e
FEA R, 4 B 4 T ) IR P AR IR 4R, SR TR AIE 2B
PR U de B I AR AE TR, LU TR o
B3, 6] I I 52 420, PP AR B AU 1 00 4598 1Y
HMRAT RN

& £ X W

[1] SCHMIDT E A, KUIPER O X, WOLTER S, et al. An
International Survey on the Incidence and Modulating
Factors of Carsickness[J]. Transportation Research Part F:
Traffic Psychology and Behaviour, 2020, 71: 76-87.

(2] wdRiE, b, Ak, 55 . A sh S B 4o A S e S £
W] AR, 2022(8): 1-9.

GAO Z H, JIN L X, GAO F, et al. A Research Review on
Motion Sickness in Autonomous Vehicles[J]. Automobile
Technology, 2022(8): 1-9.

[3] SIVAK M, SCHOETTLE B. Motion Sickness in Self—
Driving Vehicles[R]. Michigan: The University of Michigan
Transportation Research Institute, 2015.

[4] SCHMIDT E A, KUIPER O X, WOLTER S, et al. An
International Survey on the Incidence and Modulating
Factors of Carsickness|[J]. Transportation Research Part F:
Traffic Psychology and Behaviour, 2020, 71: 76-87.

[5] KIM J, LUU W, PALMISANO S, et al. Multisensory
Integration and the Experience of Scene Instability,
Presence and Cybersickness in Virtual Environments[J].

Computers in Human Behavior, 2020, 113.
2026 £ E58 | 47



TER , A5 T LRI A WRUE 5 W 5 X 2 SR 1) 2 i F 5

[6] KUIPER O X, BOS J E, DIELS C, et al. Knowing What’ s
Coming: Anticipatory Audio Cues Can Mitigate Motion
Sickness[J]. Applied Ergonomics, 2020, 85.

[7] KESHAVARZ B, HECHT H. Pleasant Music as a
Countermeasure Against Visually Induced Motion Sickness
[J]. Applied Ergonomics, 2014, 45(3): 521-527.

[8] LIYL,LIY,LIY, etal. A Study on the Mitigating Effect of
Different Music Types on Motion Sickness Based on EEG
Analysis|J]. Frontiers in Human Neuroscience, 2025, 19.

[91 XUk, =)k, SR %E, 55 . 25 A AR [ AT Tl X /s

R He2 s E ). S5 B B2 2%, 2019, 26(1): 109-
110+113.
LIU Q, LAN B S, JIAO Y J, et al. Curative Effect of
Atomized Inhalation of Different Plant Essential Oils on
Mice with Motion Sickness[J]. Practical Preventive
Medicine, 2019, 26(1): 109-110+113.

[10] B, BXELL, BT, &5 . T 22 S B4R Y f b2 sh i 4
FIRFFEN]. S 56 IR, 2015, 18(3): 268-271.

GUO Q, ZHAO X H, LEI H, et al. Effect of Dry Ginger and
Tts Extracts on Motion Sickness|J]. Practical Pharmacy and
Clinical Remedies, 2015, 18(3): 268-271.

(V1] S5 55, PRI, 4% SCHH, 45 . 3fe B35 40 i A PR AR 5 22 i

TP KA TR, 2024, 46(1): 50-60+74.

WU Y Z, LINY, LI W B, et al. Physiological Manifestation

and Relief Method of Passenger’ s Carsickness[J].

Automotive Engineering, 2024, 46(1): 50-60+74.

MR 8% . ik T I o S B9 98 95 40 5 90 5 R 42 D). A

#B: HL TR R, 2020

CHEN J X. A Fatigue and Regulation System Based on

[12

—

Brainwave Music[D]. Chengdu: University of Electronic
Science and Technology of China, 2020.

[13] SAREDAKIS D, SZPAK A, BIRCKHEAD B, et al. Factors
Associated with Virtual Reality Sickness in Head—Mounted
Displays: A Systematic Review and Meta—Analysis[J].

Frontiers in Human Neuroscience, 2020, 14.

[14] PRAINGEE, TR . N B A5 6 A 4 3R A9 e PR 1B £ [C/

48 | B E I B IF

AR SR G SRR E LR 2 P E
BE45 5 2 2 M B IR 5 4 Bl 2 B 23 2019 % R AR
2 Atat AR E AR SR G SR AEE LR A 2,
2019: 157.
XU L H, WANG H. Clinical Selection of Common
Assessment Scales for Sleep Disorders[C]// Geriatric
Medicine Professional Committee of World Federation of
Chinese Medicine Societies, Chronic Disease Prevention
and Management Professional Committee of Chinese
Association of Integrated Traditional and Western
Medicine. Beijing: Geriatric Medicine  Professional
Committee of World Federation of Chinese Medicine
Societies, 2019: 157.
[15] JEBB A T, NG V, TAY L. A Review of Key Likert Scale
1995-2019[J].

Development  Advances: Frontiers in

Psychology, 2021, 12.

[16] DELORME A, MAKEIG S. EEGLAB: An Open Source
Toolbox for Analysis of Single-Trial EEG Dynamics
Including Independent Component Analysis[J]. Journal of
Neuroscience Methods, 2004, 134(1): 9-21.

[17] L1 Y, LIU A, DING L. Machine Learning Assessment of
Visually Induced Motion Sickness Levels Based on
Multiple Biosignals[J]. Biomedical Signal Processing and
Control, 2019, 49: 202-211.

[18] LI Y, TANG B B, HU Z A, et al. Research on Classification
of Driving Fatigue Brain Regions under Human Machine
Co-Driving Based on Time-Frequency Domain EEG
Features[C]// 2024 8th CAA International Conference on
Vehicular Control and Intelligence (CVCI). Chonggqing,
China: IEEE, 2024: 1-6.

[19] ZHON X L, LIU C Y, CHEN Z S, et al. Brain Foundation
Models: A Survey on Advancements in Neural Signal
Processing and Brain Discovery[EB/OL]. (2025-07-19)
[2025-10-23]. https://arxiv.org/abs/2503.00580.

(TTiEdmft f BE)
e dchm i F I 2025 4F 10 A 23 H .



