§32% WAm e M TR Vol.32 No.4
2024 4£ 2 A Optics and Precision Engineering Feb. 2024

TEHE  1004-924X(2024)04-0595-14
R HL BN SE o 1 52 i & = Bh EE BT = B AR

EHEL W BT, BRuC, 278, HAR
(1. THAF ERAFEIE¥K,HIT T 315211;
2. THAF BERARFER BEIREFEK, T FK 315212)

U0 20 R PP S AR 56 P B 5 & & B E (Visually Induced Motion Sickness, VIMS) J& 821 fE LU SE R 40 4 e
ML FH 0 — A~ T A A TR N A I PR O SR R £ IR BN AT, 432 A AR B W BRI R fRf B, B
2 SR T A 9 AR N BT RS o BT R B AR IR B D T AL S R M S R R Bl I A R AR PP A SR 5 Bk T ST A
A IR T 2 Sl B R BT B 15 R S I M B SR B AT G IR B A IINRLE B RRAE 9T 5 IR T ST R A s
PO 358 7y 2 A8 {7 LB T AR AR SR BT 20, T B B R 43 Oy FUAL FRARE B KRR B OB SR KB SR S S AR, fiAk
PHAS Y FH T 00 11 S BOR G P R 22 L 3 38 B A T o A I i OB e 35 Wi 75 S AL B e A1 i B L 22 7 72 48 4l 1) 40
22 FRAE BRI 23 AR AR 42 TR B 38 98 A8 R A SR I . o 38R B I T8 A RG]t (] ) 45 3 VIMS 3T 40 4. S0 g R 9],
AT AE ST R 4 SRR e SPVCD I i 10000 45 5 55 - 349 32 W00 58 0L 40 1 B2 SR AN R M AE DG R BCH 0. 821 i Bz 7R = AH G
FHOCH0.790 BT MR 2y 0. 489, ZBIRLIU 1AL R AN R AR L B0 E 1T B R AR 4R HURE B 9 A Ak

X B W EMAE; ZHRATAR; R E;EH KL R LRI

FESES:TP391. 41 XEkFRIRED : A doi:10. 37188/0OPE. 20243204. 0595

Spatiotemporal multi-feature evaluation of visually induced
motion sickness in virtual reality

DONG Qifeng', YU Mei"', JIANG Zhidi’, LU Ziang', JIANG Gangyi'

(1. Faculty of Information Science and Engineering, Ningbo University, Ningbo 315211, China;
2. College of Information Engineering, College of Science and Technology Ningbo University,
Ningbo 315212, China)

* Corresponding author, E-mail: yumei@nbu. edu. cn

Abstract: Visually induced motion sickness (VIMS) in immersive virtual reality experience is an impor-
tant problem that impedes the development and applications of virtual reality systems. Most of the existing
assessment methods based on visual content are not comprehensive enough, and the extracted features of
motion information are relatively simple, and the influence of abrupt changes in time domain on motion
sickness is rarely considered. To solve these problems, a spatio-temporal multi-feature assessment model
for VIMS in virtual reality was proposed. The spatial and temporal information of stereoscopic panoramic
video was used to design the assessment model of VIMS. The weighted motion features more in line with

human perception were adopted, and the feature extraction method was designed considering the temporal
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mutation information of stereoscopic panoramic video. The proposed model was divided into preprocess-
ing module, feature extraction module and time domain aggregation and regression module. The prepro-
cessing module was used to extract the viewport images and estimate the optical flow map, disparity map
and saliency map. The feature extraction module included foreground-background weighted motion feature
extraction, disparity feature extraction based on transform domain, spatial feature extraction and time do-
main abrupt change feature extraction. VIMS evaluation scores were finally obtained through time domain
aggregation and support vector regression. The experimental results show that the PLCC, SROCC and
RMSE of the proposed model are 0. 821, 0.790 and 0. 489, respectively when tested on the stereoscopic
panoramic video database SPVCD. The model achieves excellent prediction performance which verifies
the effectiveness of the proposed feature extraction module.

Key words: virtual reality; stereoscopic panoramic video; motion sickness; motion perception; abrupt

change feature
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Fig.1 Assessment model of visually induced motion sickness
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Fig.7 Sample videos in SPVCD database
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Tab.1 Performance indicators of different feature sets
when tested on SPVCD

FRAE PLCC SROCC RMSE

AN I8 BRI 0.672 0.599 0.666
AN 0 22 AT 0.803 0.717 0.537
AN 23 AR AIE 0.711 0.617 0. 640
AT R AL FHE 0.796 0.720 0.551
AEIMALAS By FEAE 0.778 0.697 0.571
BT A FRAE 0.821 0.790 0. 486
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Tab.2 Performance comparison under different statistical

methods

ik i1t PLCC SROCC RMSE

Median RMSE ~ 0.816  0.875  0.740

Lu™  Median SROCC 0.796 0.846  0.809
Average 0.810 0.837 0.763

Median RMSE ~ 0.821  0.790  0.486

Proposed Median SROCC 0.825 0.762  0.499
Average 0.840 0.751  0.489
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Tab.3 Overall and comparative performance indicators

of the proposed model on Stanford database

RS PLCC SROCC RMSE
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Proposed 0.678 0.633 0.672
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Tab.4 Summary of results the proposed method and other model
; , REHAE M Pty . o .

Ti ik T A R RS ik PLCC SROCC RMSE

H. Oh'¥ CYRE database P 52 B[RV 0.602 0. 606 /

J. Kim'" VR sickness database & 36 E|HYA LN 0.724 0.710 /

J. Kim' CYRE database Pt 52 E| YA 0.862 0.861 /

W. Kim"’ VR-SP database 75 100 dEsrtk 0.789 0.721 /
S. Lee'™ VRSA-DB-FR 57 20 E[HVRN 0.830 0.819 7.341
S, Lee VRSA-DB-shaking = 20 [N 0.751 0.679 25.373
VRSA-DB-FR P 20 [N 0.801 0.671 22.937
H. G. Kim"™ VR video database £ 9 E[ERVALS 0.885 0.882 10. 251
S. Kim' VRSA-DB-FR Pt 20 E| YA 0. 804 0.698 27.406
H. G. Kim' VRPS-DB-FR 2 80 E[YAZN 0.831 0.812 7.112
S, Leal® VRSA-DB-shaking i 20 E[ERYR 0.767 0.706 25. 946
VRSA-DB-FR P 20 E[VAN 0.837 0.719 20. 350
Lu SPVCD i 116 BVALLN 0.816 0.875 0.740
Proposed SPVCD 7 116 RYALN 0.821 0.790 0.486
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