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Balance Design of Immersion and Comfort in Virtual Reality Technology
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ABSTRACT: Virtual Reality (VR) technology allows users to experience the reality-like scene, while the vertigo caused
by high immersion often reduces the comfort of users' experience. Immersion and comfort are two important indicators to
evaluate the content quality of Virtual Reality. In the actual development process, the contradiction between immersion
and comfort in VR technology has always been a major factor limiting the wide appliance of VR technology. Based on the
concept of immersion and comfort and related factors, this paper puts forward the comprehensive design principles of
natural interaction, stable vision, and multichannel stimulus compensation. Based on the above three principles, the virtual
scene works were designed and compared with the traditional works. The immersion and the comfort of the two groups of
works were evaluated by the 5 Point-Scale and SSQ Scale. The results show that the comprehensive design principles
have a certain effect on balancing immersion and comfort, which can enhance the immersion of Virtual Reality content
and effectively reduce the incidence of virtual reality motion sickness. It is a technical scheme without side effects and can
effectively balance immersion and comfort.

KEY WORDS: Virtual Reality; immersion; comfort; balance design

IAER P S R L S iR B¢ ( Immer-
sion ), 5®3Z H P (Interaction ). J&§ A% 441 (Ins-
piration ) FI% BETE (Intelligent ) AY“4I”4R1E, DK AT
VIANIE A= 252 A RORMC R B L S i it 3 R 3 48 il
WEEMLS, MRS kR, EREPRIEERST

B E: 2021-02-15
HEeWA: BRAAALELRFEESFTA (17CG209)

RENGR . NH TR, R RIS, Mg
— LB Sk R B R R AT, RE AU SE B
ok 37 3 T B 5 BOWCGE , AT R B VR 2 T TR
JE, HEALBLSE R G KoK H 537K AR S A N AR i3
RN Y S

TEERN: Reedd (1982—), &, ITHA, AMld, THRKFNHIL, TZHRFTOAENINETH K,



92 (S

T 7

2021 4 6 H

HE AR BA L A # PoA 2 i PR BT 9 /52, B
JE R PR BAEE 2 R — > LR WY RIAE T, RIRZ
5o XL B ET I BE RO REAIG, [ A 2 R A R AU
WSHAR) 2RI — A EER KD, YIRS
PR VA R DL S P A T ) A TR AR A, AE ST
PRt kot ferh, PIEAAAEE ZIRMCR, ITEE M
JAZ AR i as B R B, IRz 3 75
A AL IR F PIRD , i REAR 4 ik o 2 BlE 1 & AR (E
SRR MR T TR s Jim 2 MR R B R 9
Ao R RE, FPE BT R

TE RIS A N A Bt R, iy A LR JR%
T8 BE 2 I TR 6 14— e PR AL, AR SO DR SR
M BAE I B A, PR HEAU B S N A BTt rp -y
DU I & 1 2 B0 ) e il B | I T 3 S Br i
S R FEAT 0 AT RN L LSRG AG 30 RO

1 HEXBERE

HE AU RIR T R SALEOAR S %0 9 BUAR =
FORFTHE RGE LRI W i — AR . — 2
A READUEREE , P AT LA B & 13 2 0 LA A AR 7 X
5 PR B YR AT S AR AR R, AT
ARA S i o o7 B 52 P 355 14 S 2 AR 1)

1.1 ERRAEHETRZR R

HE AU IS rh B TR B 2 1k N &3 T 2 i A
PUBL S BT, TR i 150 3 2 T LS A S O 155 45
Bz, HESR ARG, DURE#GRAL, =
5 BT  E mlle o DUTR A P A By
e D BEEZ M2 L DURIRER 1) 3 BN R A4
XA ah iR B R st AT S ARG« PRER IS
A 3R AT 3 BAT A B H A SE

1.2 EMILHHETERE

A SCH P S R LB SE A B &S B R AR TR
LI ST 2 S 117 75 | A 9 35 B [ L, TG SR A
M ALFE LIS Sk A ok A A A b B 5, (HONTEAR AT
SER A E LN .

5| R EF 30 R R AR ) K 400 B0 S = s 1 R R
FURREE s J T R Y, B — Rz s kel B
PEZ) v, AR MG S . =07, e, SkE
LB MR, PR I SRR RE 8L B S 0 5 ks Bl
( Virtual Reality Visual Evoked Motion Sickness,
VIMS ). H A% 5 U080 52 2 By i 19 % 9 it A i A BH
B, PR ol 58 G BEAE f RA BE I 58 R S A il
PO BRI S BEIE A by i 400 B0 S5 Bl E 2 i BE 42
FMA R M€ iir S 800 o FERERIAEE T, FH P e R FE
AP OLT , RIS E S, e
WO IR IZ S S, 1E SR T E R SRR E R
G B E R FET VIMS &Y, g

] HE TR U4 H R AR 5T r 4 B R T 5 | Y
AR B B A /ML RS o A RE UL B 58 ELAAH o R
Yoo BAE A A PR 1 B foe A AU i A2

2 FERITEMSTIE

ASCAER ] VR 28 B THARES i 52 B LAl I, 45
4 Oculus B &AWL TR ( Introduction to
Best Practices ), ¥R I .45 VR 38 B A 56 H S A it
125 B3 B T T ) H AR H 0 | FoE ML
B JEr D 22 30 A A M S )

21 BRAXEHEEN

F AR H IR AR 1 P RERE AN B TH0IF I A AR 1 |
PSR BB AR AR ., SHSE . Wik LS L5 254
F FAR AT RS I, 5 S S v i R O s U
FF— 20 25U R 0L B S R TR S 5 58 R A
Ik, S HE AU ST PN AR e o A A 114 e 2 ) S )
Z—5

1E AR HIFEIR , GRAEH] P a] RLAE— & JE F A
TR SIS 5 1), X B 5 rp fe A
MBI, ISR IER /N T 20 ms (9K U R
A I AE HE AL B BN R AR Sk B A8 B A 2
{5 1B BR P 1 Sk AR A5 3, AnAS e Rk 0 2l Y
YNGR, AR I IR TR BOF 18 U P AT
W FEECSCHE R, T B R WA AT A RERY
DIk, DR RE 007 s B i 2 LR U R A A
TE HEAU7 5 O A BT 28 5% 1B A 4 A e S mifS
SRR 3 CAne F P A in s SR EHR ) #R 2R
UURIE, ITENEBOTRE, w258 59008 . Wrod DL
B MASESEAR S H AR Mt AT R B ok R IA R B, ]
Yyt Aok R IK S IRE R, BE A A A
BERTT 1) 5 5 R HEAA SR B L], 5] I
SR Lo e He AR A e FE L AR A, LB P R S E
JEIGE SR RN ZE LA S A C /N, A B TR
PG T), WORAEE Y

2.2 WREMREN

e R 0 R S A 6 3 R ) D K M A
PSR, He T L SCHT IR A 2 BlhE K R IR B, D/
R EE 5 P08 28 G0 14 I R 2 1 1 MR B 6T 165 2 A A R0
(P B ¥ NP VRS & SN2 se e
Mo, R EAE R AL B N A B AR R T RE L
JUAE LRI AL Y HE AU BRI P oA AR AL, R E L I
U5 DL S5 Hh R A 12 B R AR ORI

TERE IS N AV R, 518 3hA S
WA R R RS E e 5, dnaz S g |
PR | JRERE | A5 IR R 2 e A AR
S P BURE DL RE 5 R DT C R IR Y 2 RN {H 58 4
R0 I 5 LS B e e Y, PR AR B




a2 121

HRIE U4 . VR S HARES h TR S & 1 B2 - st 93

PB4 375 3 T4t o (o sk P8 M, A DS A o i
JCH) SR BE b B S S I TR R /M R PRIE AR
SE AN AT SR A o A AW D U S 5 e O T )
LeVERR G L AHBLR 4 ORIAR DL 3 2 R RS 2 T R AL
WATERIHE

2.3 Zi@EERIBMAMEERERL
U BEAFORE N AZ ORISR SR A9 17 B B AR R

S, A S T . PRAE L kS AR
&, PEEit, ANFPRHUE R 83%k A TG, 1%k
HTWUrdE, 3.5%% 3 TISE, IS i) AR H
N5 ANZEAEH T I, RBUE B b iz e £
T o E A A R LB S R 223 3 L R
TS R, %o H A 3 3 ) SRR o A R LB S A i
ThHr, T R R X DT IR R A R A R AN 2N
(o AHDCAFSE Wn™, 24 AT 2135 S B i 350 A B 4
1435 S ABE 2 55 75 51 il i e 8 4 Ay s R AR TR A, 3l
Bz S KT R ECIRIR Z B R S i £
EL I , M ER A5 SR AT LAAE R B 75 & i sl )
s T RGE 2R S8 ME— AR g ot iR A a2 A
1M 58 A BAL AT R G0, T A AR SR 1
R, HAA A% B A RN AICAZ A X, BT L 21
SN A A [ EVANS Sl S 0P e ) (0] 7 STERT
U /D K 0L B0 S BIE B & AR BT BT LT BE RN IELBE 4 3]
W5 R L 58 R TR RS BT AT A B
N TERE 2R o ) F 2230 T SR T, e R 4052
DA 565 Hh e T AR B 198 TR A AN PT LA S TR U
T REA SRR AR R 0L B S 2 B e 1) A, R — A AT
o 0 AE T ) S A7 2 4000 ST 58 AR 56 m U 3 ORI 6
FE A 88 A%

3 EHISH

REAE IR BIR 3 AN TR B AT 18 B Y
JEN, AL T2 4 5 HTC vive Sk R

sEF

A BIVE HE AL BRI AR i o A AL AT T — Ak
R, i B RE RS o A R AL T B P A ORI f i R 1T
AT PR R RIS S A, AR — R TSI
TEREA T KRBTSR, A IR & B AR S H
D) S WL i U R 2 3 R R S e A
sty R AT 5 4 R SR [ o MO 3 JE

31 REpiEE

T HEL] 4 51 &2 RIS . 4T 4 515
SRR VR §IVEE &, BHA LT RIATE e |
SER IS HRGE . B T T UL B A B | 5 2
VR mfe S MR EE N K. Rasdd s —
et MRS, AT BhiE LG = BT A
FIBERRTE ) B4R UV % . PBR MRS .
R H % UB4 IrfsA iy VR CHEIRTY, REguiga
AR 1,

3.2 MEREHFEENFEZIT

H R 28 R R (1) N AT
i HTC vive JF & T HAY, fUiF— 1 EE N
0.44 kg M3 WoRERFAFA4R, UK 2; WTLL 360°
IR E, BHR 1080x1200 23 HE, 110°¥3% 44
90 Hz FEH-RIHR, FERf/NT 20 ms, XL RS
PRAIE T Sk B B S E BE , ARIE P AT RAE— 2 S A
1EBEB I AE W E 17 7 17 o

RIS R 1 360° B4, E
FAE AR 56 B AT AT A BE ) DX 25 Hh B SR DR
B, ULE 3a. SR EHE], TR X E
WAEE P A b, MOAVUIRER, WK 3b. 7ER
PUE BRI LRI/ F R, B AR B
B e P S m, WWE 3,

322 FRUE MR R 2 sh St

M5 12 31 05 50 V8%, IO HT P 7 R 4L
PR g AT T LA TOR IS, o NI 28 Al

3.2.1

dir
&
A0

Photoshop AUEEE. SUENEE
' mEEE, ESUV MAYA N
MAYA | SHEZ | MAYA | s REE
;'Unreal Engine 4 ( B£145 |§ ) 12
'I FERTE BEEE 7% TEEE i
=EEE
TEEibes
ERER | 1 E2EE EE, BEREsER
= 2, =T

Mari
Substance painter

Substance designer
Photoshop

e ERE

3. EmEEASE
SEmwE

K1 RofE e

Fig.1

System building process



94 (S

T

2021 4F 6 H

&1

K2 HTC vive ki mds . T4l
Fig.2 HTC vive Head-mounted display and handles
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Fig.3 Content design details under the natural interaction principle
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Fig.4 Design details under the stable vision principle
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4 240 480 240 120 420 1.8
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