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Abstract: With the rapid development of multimedia technologies, virtual reality (VR) and immersive media have
attracted increasing attention and have gradually become an important area of research and development. VR content, such
as omnidirectional images (Ols) and omnidirectional videos (OVs) captured by 360° cameras, provides richer and more
complete surrounding environmental details than conventional perspective images. Benefiting from their panoramic viewing
angles and immersive viewing experiences, omnidirectional images and videos enhance users’ sense of realism, interactiv-
ity, and immersion, and have therefore been widely applied across numerous fields. However, the inherent spherical
nature of VR content poses significant challenges to both storage and transmission. In addition, throughout the complex pro-
cessing pipeline from content acquisition to terminal display, VR content may introduce various potential factors that cause
quality degradation, which collectively affect the final user experience. Therefore, it is crucial to accurately characterize
and quantify perceptual impairments across the entire processing pipeline and to develop effective methods for evaluating
user quality of experience. In previous exploratory research on multimedia quality assessment, early user quality of experi-
ence (QoE) evaluation schemes mainly depended on objective network performance parameters, including throughput,
bandwidth, transmission delay, jitter, and packet loss rate, to evaluate multimedia service quality. However, these single
network-oriented technical indicators cannot fully reflect the complex correlation between dynamic network changes, con-
tent distortion characteristics, and human subjective visual perception, which shows obvious deficiencies in describing real
user experience for high-immersive VR media. To effectively compensate for such technical limitations, the user-centered
QoE evaluation system has been widely proposed and recognized as the core evaluation solution for modern multimedia ser-
vices. In general, QoE refers to the comprehensive satisfaction level perceived by end users during the use of specific multi-
media applications or services, which is comprehensively affected by user psychological expectation, individual personality
traits, and real-time viewing physiological and psychological states. Different from traditional objective technical evalua-
tion, QoE adheres to a user-centric evaluation concept and can more comprehensively and accurately reflect the overall ser-
vice experience of immersive media. Its quantitative evaluation mechanism converts abstract system operating performance
and human visual perception rules into standardized measurable indicators and mainly includes two mainstream technical
branches, namely subjective manual measurement and objective algorithm measurement. Although existing scholars have
carried out abundant research explorations on QoE evaluation for VR content, systematic, comprehensive, and standard-
ized sorting and in-depth summary of existing evaluation theories, technical frameworks, and algorithm methods are still
insufficient, which greatly restricts the holistic understanding, systematic analysis, and further innovative development of
this research field. This paper conducts a comprehensive and targeted review of the latest research progress and technical
achievements on VR content QoE evaluation, aiming to establish a unified, standardized, and systematic theoretical cogni-
tion for this research domain. First, by sorting, identifying, and refining the core technical characteristics of current VR
content QoE evaluation methods, this paper constructs a complete classification system and detailed feature description,
forming a standardized structured framework for combing existing research approaches. Furthermore, this paper divides
mainstream VR content QoE evaluation technologies into two core research directions, including subjective evaluation and
objective evaluation. In terms of subjective evaluation, we systematically analyze the construction rules, structural charac-
teristics, and building processes of various open-source VR subjective evaluation datasets and comprehensively discuss
core research elements including major influencing factors, standardized testing schemes, experimental environment con-
figuration, and unified scoring specifications. In terms of objective evaluation, according to the diverse spatial representa-
tion forms and rendering characteristics of VR content, existing objective QoE evaluation methods are classified into three
typical categories, namely 2D-plane-based, sphere-based, and viewport-based evaluation methods. Among them, 2D-
plane-based methods focus on compensating geometric deformation and projection artifacts caused by spherical plane map-
ping and can be further divided into traditional empirical heuristic methods and data-driven methods. Sphere-based meth-

ods directly implement quality calculation and distortion analysis in the original spherical domain through global full-scene

© Hh[E KR E L AR AUIT



Xk, BARK, FE, FH, ENE, EER
T [5) 2 UL SE N A B0 A P K38 R E T 4RiR

sampling or local fine sampling strategies. Viewport-based methods fully simulate human eye active viewing habits and

evaluate local visual quality from multiple dynamic viewing angles, which can be subdivided into rule-based, keypoint-

based, and scanpath-based methods according to different sampling logic. On the basis of categorical elaboration of various

evaluation models, this paper conducts an in-depth comparative analysis of the inherent merits, practical limitations, and

applicable conditions of different technical approaches. Meanwhile, we summarize mainstream quantitative performance

evaluation metrics for verifying the effectiveness of VR QoE evaluation models and explore the practical application bound-

aries and typical application scenarios of various objective evaluation models. Finally, this paper systematically concludes

the overall research status of existing VR content QoE subjective and objective evaluation studies, summarizes unresolved

technical bottlenecks and current research obstacles in this field, and effectively prospects several valuable potential

research directions for future follow-up exploration and innovation.
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Fig. 1 VR content processing pipeline
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Fig. 2 lustration of various projections
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Table 2 Summary and examples of influence factors of QoE
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LM RTE(HMD) —
sl

URRRN 2RERR SHRVAER ERRD SERRIS
(b) FXLEEKFAE
K3 T o s i s 2R

Fig. 3 Illustration of subjective experiment setup

IR S b G s M TR N o [ o i N Y S
T 57 A2 B K2R B iR P53 e 4 R bR HEAR Z 43
B, el B AR e R T 2 A i B
FRifE# . 1B BEAEF 4 ITU-R BT500-11 Fy ifis opa]
SEPEER 1Y 2R e PR R AR A R E 2 5y
B A B R R 1 E A RVE R N . B R
1) MOS {EL B A i A7 A3 350321038 4 s A5 4 Y01

2) 2250 7 WA 43 (DMOS) - i 48 b5 F T i
AL 3RS AR X T S 25 MUAS 7S o o [ Y
AR . TR, SesR I B A2 E R S5 A
5 A FRRAS 0 SR IR I 43 2208, X Z 2 E N S
MOS A [ ) v A 0 A (G045 Z 43 B0 4 e S 82 4
i), 44T E] DMOS 1A .
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Seitk KA R A I, AR T T VR

A T RESC IR P RIS et . X SR A AT A
Vi) AL R TR B DI B LR PR 1 RS
WAHRM S NAEL D), BEEB AR, 4288
TR AR ANWHERR 1B, LRHESD T VR & e .
AR T SH0)Z HTWE VR WA R kil =L i
N, B AW LT AR Oy SRR T i i 5 40
FHAE

R4 FE 4 BRI R &7 3 B AT
FPEMTR R e BORRHE, & iz T Ik
WA R Z . Y ET IR 2B LR G RE
KA, R S 4 BE 4 OLED B LCD 7R B
H A5 = A% R % P2 (pixels per inch, PPI) , BEAG 5%
G T E RO, W R T R K,
FEE90° 2 120° M a1 , He il N6 HAR B E 1
SR (NS B S AT W F SR TR T 5] - 2 (iR 40
IE MR, 1 A5 3 S FF 90Hz 1 B = 1Y Rl B >R, LA

PN I8 ShiE G RCR . ST, 4R RS [ S R 5
Tt HME A BV AT e i i (1T o

DU ST, AU B s B A 7R 284 B 52
RS Is AT ST R s TERE T Qe b, SEitt
BS540 e 4 MR 2l e D S IR A AT e, O 45 30K
HERT-ABIBERDRE , TP S0 E0L | A ARG S8 AR
Ko X BERPE SR E ST AU I R A L R
APERE P AT ) 5 2 e WPk = ) S T
A
1.6 E3hiE

i 2o Sk B RS g WA VR AL AT BB 5 | & A
ez WKy AT, AR GO k2 X5
Eﬂjﬁ%(Kennedy%, 1993 ; Balk %¢,2013 ; Duan %%,
2017a) . JXLEREAR 0] RELE VR BRdE 2 82 W] W) sl 2 5
L DR A R 2 P R 36 3 BIF 5 v o S0
LD . H T Iz A AR AP TR AR
A% 2 [n] 4 (simulator sickness questionnaire, SSQ)
(Kennedy %5, 1993) , & i

x4 FRIBXERBILL
Table 4 Comparison of the current widely used HMD

5] B PR PP W HEE R 0y
a Oculus Rift DK2 1080x960 386 100° 75Hz AMOLED 2014
b Razer OSVR HDK 1920x1080 400 110° 90Hz OLED 2015
c Merge VR 1334750 / 96° / / 2015
d Google CardBoard 1920%1080 / 90° 60Hz / 2016
e Samsung Gear VR 2560x1440 466 101° 60Hz LCD 2016
f Oculus Rift 2160x1200 461 110° 90Hz OLED 2016
g HTC VIVE 2160x1200 448 110° 90Hz OLED 2016
h Lenovo Mirage Solo 2560x1440 615 110° 74Hz LCD 2018
i Pico G2 28801600 615 101° 90Hz TFT 2018
] Oculus Rift S 2560x1440 538 110° 80Hz LCD 2019
k HTC VIVE Pro Eye 2880x1600 615 110° 90Hz OLED 2019
1 HTC VIVE Pro 2 4896x2448 950 120° 90/120Hz LCD 2021
m FOVE 0 2560%1440 / 100° 70Hz OLED 2021
n Apple Vision Pro 36603200 / 100° 90/96/100/120Hz Micro-OLED 2023

ik 16431 H DL DY 2 B30 Sk IR 57 SRRt
AL (WERS) o FAERBIAR N =M EEER
HERE ol IRENANE 52 [ BEAG. BEYEREAYIE 20
A R AR S BRI e LA TS 2R A i, BV AL

L T O R X AR RO SR R
SL U A 1 g 4PL LS %, 75 7] 46 (VR sickness ques-
tionnaire, VRSQ) (Kim 5 , 2018 ) H3 415 25 56 %4 4k Ml B
TGO AR Ry TR R R I R R 2= 9 I, HLAl T
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a

(d) Merge VR

o

¢ &

(a) Oculus Rift DK2 (b) Razer OSVR HDK.

- an

(c) Google CardBoard

() Samsung Gear VR (f) Oculus Rift (g) HTC VIVE (h) Lenovo Mirage Solo
(i) Pico G2 (j) Oculus Rift S (k) HTC VIVE Pro Eye (1) HTC VIVE Pro 2
: \ W
[
|

(m) FOVE 0

K4 Fiisk il n g
Fig. 4 Illustrations of mainstream HMD

(n) Apple Vision Pro

H 402 3 E PE A 7] % (motion sickness assessment
questionnaire , MSAQ) (Gianaros 45 , 2018) | >k i Ju
SRR 16 TUE AR I 23 o DU~ 37 250 (Can /5
TEREAR P AXAEIR A ) o A TR P, BFSE A
AT A T 5 4 5 45 35 % (misery scale
index, MISC) (Bos 55, 2010) , PR 3 4 fy 4iE it % (fast
motion sickness scale, FMS) (Keshavarz 1 Hecht,
2011) 5 i P AR DL 3 11 2 7] 46 (Tran 55, 2017) , Ik
S A T 2 5 3 00 10 S IE B I vk ) 4
(motion sickness susceptibility questionnaire, MSSQ)
(Golding, 1998) . Singla 5% A (2019h) % Bi , & 1L i
7] 5 (AN fa] A UM X 1) 4 ) BROIC T 58 e AU 25
A 1) HEAT 401 43 B AH BB R 3 i3 B 5 ARk
TN o MO, B AL 2R AR 23 B % i ] E 4
7T, AEL AT 36 ek (] e PR B R AT 22 i (Singla 45
2019¢) o ARTIAESE PR, 22 Y 500l Az B U
I, 40 iR I8 EEG (Kim 45,2010, /739 MELASE B

h R IX L JRy R, WIS % 1) 26 0 ) e U0 3
S HZ 2P (VR sickness assessment, VRSA) J7 7
H A7 A TR S8 4 AR A #1455 (Dennison 5,
2016) B T WA, MR AL L R v A 3 T i
FEEE . AN, Kim 58 A (2019) $2 1 T — AN R BE AR %
W25, A1 1% 360° A AE Jili i 5 X o0 T &%, A
BEXS A BB 5 W ARl R e AT I o 1058
T 3 73 B iz s G ShI R AH DG 22 1 GBS
)R 2 AR P SR AR WL TR AR bR, AL GV T
e LK/ U= AW

1.7 I&3mE

VR W A58 HAGEARER U P 7E 4
e A R SRR R X — IR RR O I
Wpl” |, Wi 1 P A AU S 5 b 3 AR 2
“Bpilf HAR " A IR AZ AT A A g B 4 LS

x5 BUFEZEDS

Table 5 Simulator sickness questionnaire

&
EE] FER - -
Ml MREAIE 1 R
01 YA 1 1
02 o5 1
03 IR 1
04 AR A9 57 1
05 HMELLEE 1 1
06 W R T 1
07 T 1
08 RN 1 1
09 AL 1 1
10 BSHISA 1
11 LA 1 1
12 R A 1
13 PA] HR A% 1
14 a3 1) 1
15 B AR 1
16 1L 1
HEAR [a] [b] [e]

5t i 39 B 8 (Kalawsky , 2000) . H if , 153718
7] % (presence questionnaire, PQ) B 5 K AL IZ AR I8
AOARAE T 5., ol i s IR TR R R E R
L R R DU AN B ) 32 A I AT . S
5B A RN AR T4, IR AR 4
YEFE WA TR 1. R R M RO Y
oK TS TE & T AR, 48] 4n 7 1 R 37 2% )
% (short PQ) (Tran %5 ,2017) , B P i 16 ok B — 1Y
o R BT T SEPRN R EEEYE . A BT
IR T ELAE A S R BT B A A A
BPEHAT T A Singla 5 A (2019b) 45, 18 fk it
16 37 J8% 1) 45 B 6 AR R R o M 91 ) AR i 3
ST, AT AR e A ) 1 S A A HHAE R4
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AR B Z RGN . R AR TEIR I R
T S T30 251 R S AN o] 32 e 1 b 5% 1 37 18 A
i, a7 PR R ) 5 R A o DR, S8 B AR I 37 J8% )
B AE T BERA AT EAR B 252 ) 1) 52 560 37 5 AT
A HEME (Souza 5 ,2021) .
1.8 HUEE

ARAT LR T Y F T 1] VR EAR-S R PR 6

FTE R A TR AR . A B 2
=R - 360° Wb B ) BHE 4 VR BR300
PE A B 45 LA VR AR 3 L5 TR B 4
T SCRERE E AR A AR N AT TR AR A
1.8.1 360 MuEE =N

B X6 A% e PG AU A5 A o B R N 2B A 7
SWFFE 3 PRI B XA P RS 2
TEZ RS AL B PPN 5 T Y A AR &
VT EHEMEVER . 2, 8 P iR
PR IR RTT N, R T VR WA T R0 5k
AW AP & TE ey R ALY NE T S A < 8 i
o B A W98 T 5 TLE 251 00 P AR 56 o o
H VR PR R B Sr AR e Sk R s ] R s &5
iz B R Z A 0 S 428 B AEAR T 22 5% . Bt 3
T 3607 A ALE T BB AR 26 6 FTm .

1)360° FIMG 3 1 755 Bdis 4 - 360° RS AL it
RSN WAL( By P s 1 o TN [ € ]
28 R IR TC AR 0 B /INIUBE 2 55 bR 8 19 & 8 L 9
B G| A S B, ZE0A 55 R A A
HOAT A BVRIE o B Y2 R TS N
EREARAL Ak a1 SIS A SR UK Z 2K
P o XS R R AR VR ALSEAT R DL R T & 4
ST R B AL T B ZA,

2)360° MBI AL 3 1 B B AR sk 6 L i
ARSI 2 A T 358 VR FH P AT 59008 1 B )

SRR AR P9 B AR B A0 1 FUu | b 2k A

WSk sh/HR Sh S LA R AR T e A . HE R R B

B — 3K B R ) ) 5 R 2 A IR 1 A
AT B e e, B A [F) D R . AR T
360° KIS BHE S | 1 i A SR AEREARLRE (N 2
ZAEPERIBR AR BEATI AT BRI T 25 1]

NGS5 b A R B it s T L
Tz 2l 0 17 I8 A B N 7 T 45 22 U T 9
P T ORI S
1.8.2  VREMREWF I

VR G5 A 0F 78 i 5l 38 3 28 2016 4F-
EEINIEIWNATER IF I 2 R NS LN
PEHY (O1 quality assessment, OIQA) $i i 4E . £ 770
ST R AR R VR BUR U5 508 % . sk
TR TERLBE B, DKL B 20 s 5T A R 2% M
G, BRIT 207 GREAS Y RS RSE A , SR 5 BIK Sl A
R TSR, fENE b, 2R, 73 B
AT, R A AL 58 JPEG \HEVC JE 47 12 40 #
R ZERAE PHEOE STEARES WG RIZ
b B s A LL KON T8 BE (artificial intelligence ,
AD A2 iR LA VR R 28 L, PPN 4 2 50 e
TR ARL . FEARE I, A

MOS 73 55Uk J& A8 EMIT43 Sk sl UL K
R Bl Ktk 19 2 B AR TS 2, IR R B o & 5
VAT NI NTECHRTTRE TRt Ae . RS0 |,
ZAR BN 20 AH e %200 A, HTC VIVE 251K
PR AR , ACR BRI PR H m B2 R

NG s AR VR IEHE B Bl RS [ 3L T VR
PR S5 1 PPN U i SR Ik 4%, SR T, A8 > i M A
TR E DL AR A T R A AR O A ) A
P — B HE M R ST S B VR NI
ML PR AT T 45 ) MOS P R AN Gt — R 5 T
RREALIIN Gy SRk 5 MR Sh A A o A ) 5T 5 A ek
RN R B S BT R P S E YR T
SRR i A, D B i Bl P e — PP v A A
1.8.3 VR WL WA

x8 CETERVRAFENFEBITNHFEERES LK, RIBFRSAR, TUUFHUTESLR,
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Table 6 Summary of existing databases for 360°image/video saliency detection or head/eye tracking

sl s PF 0 pe owmr TR pg el
it NE
SUN360(Xiao %,2012) K14 67,538 9104x4552 / / / /
76x2 B3k B A
Salient360!(Rai %,2017) K% 60 jz 33 zﬁz 6 / 63 Oculus DK2 giﬁ;;gﬁw
ODI Saliency( Abreu%,2017) EfR 21 4096x2048 / 32 Oculus DK2  #H OBk | 25 K
VR Saliency(Sitzmann %:,2018)  [E{% 22 / / 213 Oculus DK2 K3y ) TEAOEE
F-360iSOD(Zhang %% ,2020) Ff% 107 2048x1024 / 3 / YRR
Moving Target (Bao %,2016) PSR 16 1080P, 2K, 4K 30 153 Oculus DK2 s S
360-Video—Database(Li %,2017) M 73 / 29~668 95 Oculus Rift  SkBIEHE ABiEE ey B
360 Head Movement(Corbillon%%,2017) ¥R 5 3840x2048 70 59 Razer OSVR kBl
VR User Behavior(Wu%,2017) A 18 / 164~655 48 HTC VIVE ks
p , 2840%1440 —
VR-HM48 % (Xu%,2017,2019b) #isf 48 es0xagao 20760 40 HTCVIVE kB E R
360 Dataset( Lo %¢,2017) M 10 4K 60 50 Oculus Rift &K 12 & AL A5 5
Sports—360(Hu%%,2017) AT 342 / / 5 / 2 B ARHERR
PVS-HM (Xu%,2019¢) AR 76 3K~8K 10~80 58 HTC VIVE 3k s/ sh s
VR Eye—Tracking(Xu%,2018b) WA 208 4K 20~60 45 HTC VIVE kR SR
Destop360(Duanmu %5,2018)  #4 12 éi?%ig%ig 60~102 50 / WA 3
AVTrack360(Fremerey %,2018)  #i4% 20 4K 30 48 HTC VIVE B8
UN Salient360(David ,2018) A 19 3840x1920 20 57 HTCVIVE Sk sh/IR sh s
PanoSaliency (Nguyen Fll Yan,2019) #4524 / 60~655 48 / A
360 EM Dataset(Agtzidis 55,2019) U4 15 / 38~85 13 FOVE I

T2 K FORIZEE R AL 5 MOS Flk B is s 8dE . ARG TR 245 137 UL https : //github. com/LXLHXL123/0OpenVRQoE .

)R 8 R T M R4 DA AT 1 38 7 B A e A 6 5 LTI 45 R — s HE 2K, R B 1 U 79
ARFGE A S 200 RIE IR . AHECT VR BUGR T 0LT B i 2 DR P 7E S g B T2 2 b S i B R 52
B2 RS ] 3 S R T RS A A ST 1A e ) 4 EERRAIE  ARLIRITE A Tran A5 AAAEFH A SRS O o S0 24 T P 401 5
O HRARAZ T G SN A ) SE A SR T SR i A PR 55 1 502N A SE PRI AT s AT SR AR
Tl NS5 2 37 47 R BT LS SR FLE R A R 3, 0 T RO P ) AR AR S N R BRI S Sl AT Lk
FLAIIRAEAR , Tl IS 50 2 52 47 2% B[] LS FUR BT RS i R 3, S0 30t 1 30l P 1) A 250 5 0 AN (L

R7 VR BRI 5T B EEE A

Table 7 Summary of existing subjective QoFE evaluation databases for VR image

Ji
VY YA 20-p
o ql o R Zik R N o
) N N ., s i %
Bl e W = ES " b 7 SO €
B
3000%
o 1500, = MergeVR, ACR- MOS0,
Upenik % A (2016) 6/60 5 <o JPEG(4), #3£(2) B e HR s], HM
1500

11
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Table 7 Summary of existing subjective QoK evaluation databases for VR image

Ji
INERViG =
2 n/ ﬁ’## xlit N W w
S KH , w JINPS e/
HUARTE WL g T
B
4/ 3000x MergeVR, ACR- MOS [0
nik 25 A (201 PEG, JPEG2 02 4 ’ ’
Upenik A (2017) 104 1500 JPEC,JPEG2000. 88(2) > Phone6s HR  5|HM
. 5/ 4096x JPEG(11), H.264(11), HTC MOS [0,
CVIQD(Sun % ,2017: 20 ACR
QD (Sun 2 170 2048 H.265(11) VIVE 10]
. 16/ 4096x JPEG(11), H.264(11), HTC MOS [0,
CVIQD2018(Suns 2018 20 ACR
Q (Sun ) 544 2048 H.265(11) VIVE 10]
12/ 9104x » HTC MOS [0
Huang( Huang 2,201 PE 7% (4 A ’
uang(Huang 5% ,2018) 156 4552 JPEG(3), 43 ¥R (4) 98 VIVE CR 100]
11332
X MOS [0
16/ JPEG(5), JPEG2000(5), HTC ’
OIQA * (Duan%,2018) 5666, om0 20 ACR 101, HM,
QA (Duan 336 EEHTHONN(S), 75 3T (5) VIVE |
13320 EM
X6660
, o 5760x JPEG(4), JPEG2000(4), MergeVR, ACR— MOSTI,
Upenik Fil Ebrahimi (2019 4/52 19
penik Fl Ebrahimi( 209 2880 HEVC(4) GalaxyS7  HR 5]
. 60/ 2048x JPEG(4), JPEG2000(4), Oculus MOS [0,
K 202 2 A
im % A.(2020) 780 1024 HEVC(4) O mincvi AR 00
N 8/ 856x XA MI(3), HEE(4), CMOS
b 2020h ‘ 20 - SCAC
Jabar A ) 200 856 FLI1(2) 5 j0.0]
12K, 1
0K, pEGM). JPEG2000(4)
15/ 8K R > 4 HTC MOS [1
MVAQD (Jiang 25,2021 ©HEVC), B 4), & 2 A ’
VAQD(Jiang,2021) 315 7K, %Xﬁfi(i)“ﬁﬁ*%*w ). ® Vivern AR s aM
6k,5 T
K, 4K
1207 2 680% HTC DMOS
1QA=ODI( Yang %, 2021h 1, PEG(4), ¥ (4 200 ACR
Q (Yang % ) 1840 J (4), B3 (4) VIVE [0,100]
080
258/ (AN, I HTC MOS [1,
JUFE-VRIQA % | 8192x  FHEEA(3), i il (3), 20 VIVE P ACR 5] Hl\[/l
P £ ,ﬁ i \‘!';23; oy ro i 9
(Fang % ,2022) sop 4096 SERERFELE(3), PiE(3) Eye EM
ISIQA  (Madhusudana F1 Soundararajan, 26/ 8K Samsung MOS [0
$] Y E: ~ bl
2019) 200 10K DHERH 3 GearvR OCE 00
12/ 6080 HTC MOS [0
Sy ay E: ~ bl
OSIQA & (Duan%,2023) 35 3040 PrEEk 20 VE pro SSCQE 100]
Oculus
S 5/ 8K, JPEG(4), JPEG XL(5), RiftS, ACR- MOSII,
Simka 25 A (2024 66
imka %A (2024) 100 4K  HEIC(S), AVIF(5) HTC HR 5L EM
VIVE Pro
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Table 7 Summary of existing subjective QoK evaluation databases for VR image

Ji
» G Tk . "
N KH , e DI E
EVE/ER W o= " b ) s
B
430/ - . ) HTC MOS [1
B 8192x  FHTHII(3), w5 HTHEH (3) ’
JUFE-10K % ( Yan %5 ,2025b) 10, SN > 172 VIVEPro ACR 5],HM,
an 409 FEHEREELG), BHEG) N ]
750 Eye EM
2
’ MOS [1,
. 500/ 7680% HTC
0IQ-10K % (Yan %5 ,2025¢) 10, 4320 ¥15), AEH5) 160 g ACR 3],}1M\
EM
000
. 6/ 8192x - Samsung ACR- MOS/[I,
LID &% (Xu % ,2018: BPG JE4i(6), TR 1
SOLID o (Xu%%,2018a) 62 8190 G IE45(6), R (3) 8 e VR HR S
LIVE 3D VR IQA & 15/ 4096x IO, i s, R p o HTC OE DMOS [0,
(Chen%s,2020a) 465 2048 KE, VP9 E4E, H.265 VIVE 1001, EM
2560x
. 12/ 2560, JPEG(5), JPEG2000(5), HTC  ACR- MOS[I,
NBU-SOID & (Yang %, 2020) 408 4096x HEVC(S) O VivEPo R 5]
4096
AIGCOIQA2024 - AV BUR L, B o o, &F 20 , sck  Moslo,
(Yang % ,2024) 300 1B, OBk 100]
. o HTC MOS [0,
OHF2024 -/ AUE R B, B, & [
. /N 20 VIVEPro ACR 100], &
(Yang%,2026) 600 & R, RSBk 1
Eye FAL|

TE: @R PHE R SRR BE R . S FORLR R BRUIE R . 308 AUV . KR RS Th N B RN R

W,
*8 VRIMSAENFI RETMEREE
Table 8 Summary of existing subjective QoE evaluation databases for VR video
Ji
VN PAS 3 2. A
" B/ HE R ZiRk . W
s g I - 4 I
igiEs Wk = (s) it 3 & s N P B
i
. : M
Tran % A (2017a) 360 /30 30 H.264(5), /3 HE%(4) 18 Samsﬁi Cear \cR [0055]
HLO64(5), 43 HER(4), 1% Samsung Gear MOS
Tran % 2017b,2021) 3/60 / 30 30 ) e N 36 VR, Googl ACR
ran F AL ) (3), WAHER(2), B5(2) OB [1.5]
Cardboard
7680 MOS
Singla % A (2017a) % 6/60 X 10 30 H.265(5), 43 ¥#%(2) 30 Oculus Rift ~ ACR 0 5‘]
3840 .
3840
X
2048, 60~ HTC VIVE MOS
Singla % 2017b) % 6/24 g 25~30 E(2), /mHERQR) 28 ; ACR
ingla 5 A (2017b) 1920 65 2 B(2), HHQ) Oculus Rift [0.5]
X
1080
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Ji
L AbA .. 20>
" Rl rEE ORI Zik . v w
e iR H . e Jigs
LA EITLE B = () g & e Fans il Hdl
¥
4096
. 16/ Hih(3), f5%(6), MOS
X
Zhang 5§ A (2017) 384 10 30 40 HT403) / HTC VIVE  ACR [0.5]
2048
10/ 4096 MOS
IVQAD(Duan%,2017b) 50 X 15 / IPIEER(3), WIF(3), ALK (3)  / HTC VIVE ~ ACR [05‘]
2048 .
4096
VR-VQA48 % (Xu%§,2017, 12/ DMOS
x 12 25 H.265(3 48 HTC VIVE  ACR
2019b) 36 3) [0,100]
2048
3840
X
1920
10~ DM
VQA-ODV * (Li%5,2018a) ou/ ~ 0~ 2430 QP3), #5(3) 221  HTCVIVE  ACR 05
540 23 [0,100]
7680
X
3840
. 13 200 MOS
VRQ-TJU( Yang % ,2018a) 64 X169 30 H.264(5), JPEG2000(5) 30 / ACR (0.5
2560 ’
8192
X
4096 . MOS
Lopes % A (2018) 6F3£d 10 30,60 SyPEFR(2), H265(5) 37  Oculus Rift  ACR [0.5]
X
1920
8192
X
N 10/ 4096, DMOS
Zhang % A (2018b) so 3gqo 10 30.60 H.265(5), QP(5) 30 HTC VIVE  ACR 1.5]
X
1920
3840 MOS
Zou%E N (2018) 8/~ x 20 30 H.264(5) 25 / ACR
[1,5]
1920
i 8128 . M- DMOS
ODV(Croci%$,2019) 6/75 x 10 / SHEER(3), QP(5) 24 HTC VIVE
ACR [0,100]
4064
3840 -
] %:(2), QP(3 M
Yao % A (2019) 436 x 30 30 Vq;i()’Q ) 60  OculusRift ACR O3
#i2(3) [0,9]
1920
g 7080 MOS
Zepernick 2 A (2019) b AR 10 29.97 QP(5), S HER(S), ZiAAEL 30 HTC VIVE  ACR 03]
3840 :
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FsLk
L
vy oA A 2. S
. a0 o HE IR Zi 5 N
Mot g H N i yigs
B 2 B = () it S e F&sy (DS &
¥t
3840
. 12/ 10~ H.265(5), ZAL(5), W&
X
Zhang 5§ A (2019) 120 30 / His(3) 30 HTC VIVE  ACR  /
1920
3840
X
2160 Samsung Gear MOS
Orduna %¢ A (2020Db) 6/30  ~ 30 25~50 H.265(5) 48 VR, Lenovo  ACR [0.5]
3840 Mirage Solo ’
X
1920
16/ 1816
Jabar 2§ A\ (2020a) R 10 / W7 (6) 44 / PC /
1020
P QP(4), T HER(3), MOS
Anwar 5§ A (2020a) 3/10  / 60 30 SEb R5(3) 34 HTC VIVE  ACR 03]
HTC VIVE, ()
AnwarZ§ A (2020b) 6/96 / 60  24~30 H.264(4), /3 HE%(4) 29 Google Card-  ACR 0.1
board ’
MOS
Zheleva 55 A\ (2020) 174 /300 / Fin S5 (4) 32  HTC VIVE Pro ACR [0,5],
EEG
. 4/ 7680 . M- MOS
Chu % A(2020) x 10 29.97  H.265(5), 7 HF#(5), ¥T47(2) 30 HTC VIVE Pro
120 ACR [0,5]
3840
8192 HTC VIVE Nos
Zou % A.(2020) 8/~ x 10 30 B HER(4) 30  (Pro), PicoG  ACR 0.5]
4096 2 4K ’
3840 C/0-
Mahmoud Schelkens 1
moncponr 2[1021") creens Z) X 68 30 H.265(3), HJE(3) 20 OculusRift  ACR  MOS
1920 [0,100]
SSV360 * (Elwardy % , 4/ 7?0 0 2997 H.265(5), 43 #1%(5), W& s HICVIVE Pro M- MOS
2022) 120 ' F(2) ACR [0,5]
3840
7680
ACR360 * (Elwardy %% , 4/ P y M- ~MOS
2023) o X 10 29.97  H.265(5), 43 HF%(5), 143(2) 65 HTCVIVEPmACR [0.5]
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Fig. 5 General workflow for training and testing objective QoE models for VR content

S ERRCTTEEEELE P EL T P EErrr ETDFEMHE [--------------- e

BT 3145 B —— ) )
B it AU AE ik FEIESR IO ERP SR VR B AE

(a) A %A% (b) KRR 773

|
1
A 1
G
- = : (s ) " ) '
b > Py~ gy o) e - R I
i o A - - '
D B .
1
1
|
1

K6 HT2DFAY OIQA/OVQA J7 - HELL K]
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Table 9 Summary of existing 2D plane—based and sphere—based objective QoE evaluation methods for VR content
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BP-QAVR & (Yang%5,2017) v
WS-PSNR & (Sun%,2017h) v v
WS—SSIM & (Zhou %5 ,2018) v v
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Fig. 7 Illustrations of sphere-based OIQA/OVQA methods
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Hr I BN LA 75K R 5 VR NS QoE WL PF
WA AL E T8 R S e, 51 A AL AL
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Table 10 Summary of existing viewport—based objective QoE evaluation methods for VR content

Li%E A (2018a) & v v v v
P-VQA & (Xu%,2019h) v v v v
V-CNN& (Li%,2019a; Xu%5,2022) v v v
Guo%F A (2021) & v

MMEF & (Azevedo %5 ,2020a,2021) v v

MC360IQA (Sun %:,2020) v v
Fang % A (2022) v v v
CPBQA (Jiang %% ,2021) v v
HEF RN 5 IR MFILGN (Zhou % ,2022a) v v
MP-BOIQA (Jiang %%, 2022a) v v
Chai 1 Shao(2021) & v v
Zhou %5 A.(2022b) v v
Jabar % A (2022b) v v
JQIL & ¥ (Mahmoudpour Fl Schelkens , 2021) v
TB-VMAF & ¥ (Jiang 55 ,2022h) v
Q0 . W (Meng Fl Ma, 2022) v
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FT e S Zhang F1 Liu(2022)
ik Zhou % A (2023¢)
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U 8 S 88 R R S X X X X 8 ° «
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Fig. 9 Performance comparison of existing VR QoE objective methods on different subjective datasets
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