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Research progress in objective quality evaluation of virtual reality images

Zhou Yu'?, Wang Yi*', Li Leida*" , Gao Chengiang’, Lu Zhaolin'"
1. School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China;
2. Xuzhou First Peoples Hospital, Xuzhou 221116, China; 3. Jiangsu Normal University Kewen College, Xuzhou 221132, China;
4. School of Artificial Intelligence, Xidian University, Xi'an 710071, China; 5. School of Communication and
Information Engineering, Chongqing University of Posts and Telecommunications, Chongging 400065, China

Abstract; Virtual reality (VR) technology has gradually penetrated into many fields such as medical education, military
and entertainment. Given visual quality is the key to the successful application of VR technology, and the image is visual
information benched carrier of VR applications, VR image quality evaluation has become an important frontier research

direction for quality evaluation. Just like traditional image quality evaluation, VR image quality evaluation can be divided
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into subjective quality evaluation and objective quality evaluation. Among them, the subjective quality evaluation methods
refer to images scoring through human eyes followed by some data processing steps to obtain the subjective scores, while the
objective quality evaluation methods focus on the methods of images scoring based on designing the mathematical model
using computers to simulate the subjective scoring results as closely as possible. Compared to the subjective quality evalua-
tion, the objective quality evaluation has its priorities s of lower cost, stronger stability and wider application scope. Many
researchers in the scientific research institutions and colleges have dedicated to studying the objective quality evaluation of
VR images. Our executive summary is focused on the research of objective quality evaluation of VR images. First, the cur-
rent situation of VR image quality evaluation is summarized. Then, the existing objective quality evaluation models of VR
images are mainly introduced and analyzed. According to whether the models need to use the original undistorted image
information as modeling reference, current objective quality evaluation models for VR images are divided into two types,
including the full-reference (FR) and no-reference (NR) types. The ground truth based FR models need the completed
original image information as reference, while the NR models can achieve quality evaluation of a distorted VR image without
any reference information. Specifically, the FR models can be divided into two categories for VR images, including the
peak-signal-to-noise ratio/structural similarity (PSNR/SSIM) based methods and the machine learning based methods. The
latter first extract features from VR images and then train the quality evaluation model via the support vector regression
method or the random forest method. The NR models are further divided into three categories: the equirectangular projec-
tion (ERP) expression space based methods, the other projection expression spaces based methods and the actual viewing
space based methods. These models are classified according to the space in which features are extracted. For the first kind
of models, the raw spherical VR image is first transferred to the ERP space for feature expression, while it is converted to
other projection spaces or the actual viewing space for the other two kinds of methods. The reason why the ERP expression
space based methods are listed as a separate category is that the ERP space is the default and the mostly used projection
space. Followed the space transformation, there are also two options for the sequential quality evaluation consisting of the
traditional quality evaluation methods and the deep-learning based methods. For the traditional ones, the manual features
are first extracted and fused to generate the final quality score or fed into the model trainer to obtain the quality assessment
model. For the deep-learning based methods, both the feature extraction and quality prediction steps are conducted based
on deep neural networks. The pros and cons of them are further analyzed. In addition, the performance evaluation indexes
of the objective quality evaluation models of VR images are introduced, which are consistent to other image quality evalua-
tions. The detailed existing VR image databases are summarized subsequently. Finally, our review focuses on the applica-
tions of VR image objective quality evaluation models and predicts the future potentials further.

Key words: image quality evaluation; objective evaluation; virtual reality (VR) ; spherical image; equirectangular pro-

jection (ERP)
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R B R—E0E AR RS (57 55 7 T 40 0 21 T
TEFEE, SR 5 2R FH S ) 2 406 B8 1A T o i VP A A5 A4
ORI

DL AR TSR BT T, B TR, (R A SRR
N R R KR R, FERHTE T 1) 51550
FR BT L PP AR AL, BT R s Tk
VR BURAE RS2, s bri HH 1 J6 2k B VR ElG
MELAFAS (Yue 25,2019 ; Wu 25,2020) , 2) FR #J5
BEORR B S IR an Jo 0k LU Z 18] BAT AR R Y
PR, HAR R Z M EA MR EIC R, 1 360°
VR EUE— 2 th 2 2 5 & X ) 1 BR PF %
AL, B VR BUR R 4G S o B AR TR X ik
KM BRI T % 2B A B T R
1.2 NR Z VR BRREFENFE

MRPEFFAEF IR 25 [ A [R]  NR 7 VR B4 &
VEMARLAT IR 7oy 3 28 .55 1 2RI T ERP Rk
23 [A] AT 5 2 ISR JE T A 5 3R 3K 2 (] i A
R HE 3 R R TS PR A A5 (B A A Hodp
ERP ik 25 [a] (1) 452 70 B0l S 43 o — 25 9 it R 2
ERP J& HATBOA 09 i B VR BlG S
$515 (Yang 55,2018) , $2 Fok, % 3 28 NR % VR
RV i 1 B et A g T
1.2.1 3T ERP Rikas b i vk

% VR BUR TN 7 ) 32 2 AR R
X ERP 358 3 BG4 T FRAE B2 BORTRRAIE il
AR FEESRL W Kim 28 A (2020) #8247 —Fh
BT H VR EUGTaE 0  g 5580, i Al
Sels ERP B BG4 K/ 5] HASME B &
() EAR R SR 5 SR TR B 2 2T 14 7 1% A4S Bk A 7
FEIE G 5 A 25 (R 7 B g A, K 7 R D 253 ]
TRl A 1R Ry 23 RV AEAY IR, B J5 il 115 T BR
P ARG ) BT 5 7 8, ZERSRLIIZRB B, ix
R RO 27 27 5 W38 3 JR 4R TS Kk B ERP EHE X
A3 BTN X 45 (1) 2% > AT MBS, DA ARAS B 4 40 5K
FOMAAL, Liu 8 A (2021) $2 1 7 —Ff T 4514 Fl
H AR ERERY VR BRI A AL, XF T ERP
TEA A FEME B ST b R 4 IS 6] A0 ey 3 4 ik
PEATEER e B A | Tl B 32 ARG S B B B
CRRRE AT AR TR . 5B T A RRIE S A
BEATL AR 01 051 231 25 5 e AP s 0

i T ERP 25 [A] {4 2 4V TIE =, i A%
T R R ) TR, SR, ERP R iK %5 1]
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HH ) RS AEAE B S R AT AR | I HG 2 B 3 (KT
(R A DX I, AR T A BT I, a8 2 (b) s, 3X
FPRLARZEON A3 J R 45 1 | i B | o fiff g
TR BRI R AR AR MR TE R 25 TA) A S BRE
B 25 N 25 7 2 1 I TN 25 SR 5 W PPAN 45
SR —Z, T REARIZZE T 2 DA HER 4
1.2.2 T HAbSE RB A M J5 1%

AR F BN T e ik ERP B X BB TEW
W Ab 257 A B S iz A B A8 19 ), AT 5B VR
PR AR5 Wit 38 At 3 3k 2 (8], 491 4n 3 B Bk T 4 5
75 [1] ( segmented spherical projection, SSP) &%, CMP %%
] 55 SR I TE B 1Y 23K 25 (8] 47 BT i PP . Zheng
SFN(2020) #2417 —FhEET SSP Y VR ERTUR I
Wiy, B F) SSP & (8] iy G e i 1 3 &84, £
FE P PR DCIORT — A 205 38 DI, SR 15 53 % 4% IXC
SBIEATRFESR I, ZERFIESR U R, 230 A
Sl B g PR AE Sh R L DX S8R 8 A B 0 AT R I 3R
K, DIBAU RS R 1 o fJm B BT AT e ik i A B
PLARARIE] I g8 I 2hdie 28 00 BT i PP AN A EY |, Jiang 55
A(2021a) 21 T 3 FEE T CMP ZS [ VR EI{R5
PPN 1 M RRE ERARE B CMP %5 1]
326 G, 51 MBIELR T 6 ST EIR
HEFTRAE SR ORISR AE il 575 3 5 5 70455 55 2 bt
TR M I T 0 AL A g R MR A B 58 oo
55 3 ALK RS IR [RIAE HE AT CMP #5245 21 A
SRR 6 AT S SRR AR GETE R 58 55, L VR K]
8 6 AT I 4 TR [R] TR 380 SO0 IR AE , JF 18
IR RS AR A B R

FALE ERP 1K 75 [A], i S6 25 [a] fift B T ERP B
SR PN XI5 | AR AR 2k LAY )8, SR, &
TR AR AE — S A A RS 2R 30, TSR e 1 3 W) T
SEBRH PR BRI VR MR, 25 15 1 25R
5 2 AL TR AR IR A [A] AR B IO R ik =5 1]
AL o W T IR, o] -4k 3 3 2 [] P45 052
PR 25 (] AR Z I (4 60 7 06 3 T3 T B AR
iR T L) DG
1.2.3  JEFBRLA 25 8] 17 ik

AR 2 R N A LS
VR 2SI Y B S0 R B, DL 5 R 0
PRI SRS VN = e i 2 S =i 2 S R7S
KPR EE TG (viewport) 197716, HE H B R
TEHE— I 2 A 98 BT BR X —H5 1, RV P AE R

360° VR WM YR —mf 21, HAE— K PEE 3] view-
port 15 Bl N B N2, A T8 3 g % Sk A8 A RE WL R
A~360° MINZS, A, FI P AL aE B B i P 28 5 bR
RERE N AU EL, WK 4 FooR, S5 F s 0
K S 00" J5 ) W I (0" AL Ty In] 5 5k
T A) P RS S P2 2] i EHR N 25 R L 07 g
AR Y8 P B kAR DD TE 18] ABCD i 8B
P SZFRILE 1Y viewport A, %?Jﬂi,lﬁ%ﬁ/fﬁ
Je N ERP JE A E R WK 52 S BR WL 25 18] Y
viewport [, R J5 i i) BE i viewport [# % 5T it K 1A
A VR BURIY R0, 40 Xu A5 A (2021) 2 i
— T SRy B AN A R PEAN 9 VR R BT AN
B b SRRV I3 SO SR B OGBSI L K
P R BCE T A viewport 8], P& B ResNetl8
PEATHRRIE BRI, 450 S ) T 46 R O 2% a3 A7 Jmy 35 Jo 2
IR, 4 R4 R Zhang %5 A (2020) 2 H
(TR BE AR M B R 2 I 001 T, F5c e Rl SR s A
SRR B R A BT 08, Sun 55 A (2020) 42 Hi
T M2l iE R MR VR BUR P
B, ZAEELE A ERP R AT R A A
R 6 AN Y viewport B R AR L PR EL S
B, FREL viewport G )5, by e 5 B 285 TR 2%
O3 SRR R BEA TR 52 B, $5 5 6 2207 [ R AE
Rl EA T R 0 KN . &AM, Zhou 55 A (2021)
[FA#E N ERP JE S ER H3REL 6 4~ J7 1] viewport &,
SRIGAE I ZAT: 552 > AR Bt 1l 2 28 551 1
218 ) o SR 0 2 1 22 U I 28 RS, Sui AR A
(2021) $2 1} T —Fhogrsi i EUBOR ZEAT VR B
Bt PP o AR P e Sk B R WA 360° VR Y
B HEINE L FRE LR P AL, VR WA AT
TEFE )t B2 L 9 A0, 45 A viewport FUAE & DL SO A

K4 fee sl 0 4B P 007 AR A Y SR
Fig.4 Illustration of the viewport image received by the

viewers at center O in the OO’ direction
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FEIL, R, Ak EIZEGEMRETFNHATHE

(ESME AEE HE— DRz A Sy — B viewport
KUK 2D AR P AT R, i T %
H Sk ERP BRI AL A B K a viewport [EAE 1Y)
2D M, B Je R A 2D MU o & PEAG T T
Ji 4

PSRV LTSS SE A5 P SR WL Ry
PEERATBRAAAE LU 0], BAK Sy 1) B AL b R H
() viewport K114 5 B 52 W F I BT P € B
viewport UG — SR 8, AT SCHR I A £ %
P S SRR A AT R B viewport DL K AST]
P T viewport AYTEHUR 5 HAT G 11 HUHE 55 ] &
PATHRTE . A Xu 55 A (2021) 165 B S HE A UK T AL
HITERIRE viewport EIMZ, HJE ERP 23 [a] A4S ]
V1R DR e R PR R A 5 A B T 2 ) R ) G B
R — B, WRA— 20, H 23E  viewport $2
IR 1R 22 Ml 2P AN 5 R B AN HER . 2) LA B AR
IR H B viewport Z[HISCIHM: . SEPR LA
s, FH P S sh ALk SR IBCA [R] viewport N2 )5,
ZEA viewport W ARG HEAT BT MY, 25 B,
W9 N L viewport DA S K & A AL PR viewport
{5 B AL R 2 SRR IR S 1Y OG5
1.3 &% VR BGRRETFNHEHLERS

1P ENR VR BUR BT RPN i 64T

T REEMERE R AT, AR R A R R ik )
FRPE AR AURIER S AR E B, IWNRPATLIE ], FR A
VR EUR BTN 7k A s 2 B [FAE 48 FR
T, Bt LS TR, HAT S e, (HHAFAE
F) 32 B R RS . 1) 46 PSNR/SSIM J5 i - T AR
PERERIILSS ;2 ) HCH R 4R 2 5 A5 B (H 2 B i HH o
S5 BMELLARAS, BT DA i R BR il 13X 28 05 vk g
Mo MZT  NR BRI W 5E M)k T FR J5 AR
JRIE 2% (5 B — 8 al e L bR s B )
LR, PRIt A B R A A 5 0 1 R B B Y B
LR, HTF ERP Rk z M BG5S E 5 BRI,
B 2 dE VG, BT AT ERP ik 28 [l ik
[FIREEA 2 TR 8 (HIR % RIA S I T SR
T WIRg X S 5L B B () PR TE AR | X 5 SR LG 25
[i] PR ) A A 2 3, R i PR ) T 9% 20 vk
IMERE ., 25T ERP k2 [ A9 X — [n) 3, 2P Hith
O E S N ] o N e =S vt |1 S o M =y
[ R T e, (LR AT SR A 1T sk A b A7 A — Sy
AMBGEWS R B, N T ok Bk R R A AT
HI TR T LW E 21 VR BRI
Jrid . WIRTSCHTR, BATX ik FERE T view-
port B H %, IR AT MR T N2 A B — i}
Z R0 o L A PR A 4 s, RIVFE P E R 360° VR N

®1 BLXVREBEGRETFNAENERFENAREEZE

Table 1 Summarization of the characteristics, advantages, and shortcomings of each kind of VR image quality metrics

R FER st s bt Sk
BTS2 % PR VR R UETHEEEEM, R PSNR/SSIM B ZkhYﬁ]{\g‘jgo o)
FRVEAMR B ERP S R ST EESEEA, iy O

BOPE PSNR/SSIM OPEMETRALEN PRI A AR R e

FR % en ¥ A(2018)

SFEAHL  ( BRPSRHRE a5, onk, RO Maleda B
,‘—‘A} R NI 9}{ N é/\ IS H‘:ILJ = = =P Ou‘n ararajan
EIMIE WRIARRITHER 5T s e

ST ERP %k i%’gﬁﬁggffgg KHBHEL, WRKBEERIEE,  Kim %A(2020)
17 ‘ A 2 2% S iu 4
XA i il AL B4 5 5 F B 550 hR M 2 (R 22 R Liu 5% A (2021)

¥ wEE AL .
sty oo VR REEEL R (et 5 Zhens 5 A(2020)
1 iR 2S [a] A 5 A N - R 5 | N iang & a
NR Y FRIkzs M7k B s R PrRVLE 2 [ 22 SR Jiang 55 A (2021a)
g g 1 _ . PRI R ER ) viewport 5 Xu %A (2021)
: vl W SHHE :

ETIEWE ﬁﬁiﬁgﬂf o f‘] Eﬁgjfﬁf)ﬂi SRR PR Sun S A(2020)

25 (Al 5 1% o e 8 " viewport A—H(; R F Zhou % A\ (2021)
i Ea T 5+4 RNE]
P BT A

&4 viewport [ JCHHE Sui % A (2021)
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ZEF A 2, H R LA B 3 R B R
ZF o BRI, RT3 o 7 B0 AR R R SR 27 M A 4D
ANEBEEL vewport (1 J5 I LA K2 4% viewport Z [H] ) 3¢
IRAEA S IZ I T BV RE R G R

25 BT, S 2RTNEA —E RN, A LT
5L NR ZRA5IA T FR Jr i BAT 3R KRR AN
23 A, X HTMZE NR 207 Wl #R R Rk 25 [A]
SRS R 6 R I A B BT OCHE MR, X T
3 KI5k KRR IPRE = (B R sUH W VR Y
I RS RF R PEREIE— 2D PR T B EESER T

2 st

VR 1QA WIPFHr 48 b R FH 57 FH A9 Bz IR AR etk
FH 2 %0 ( Pearson linear correlation coefficient, PL-
CC) S B IR 2 BAH OC R %X ( Spearman rank order cor-
relation coefficient, SRCC) F#J 5 #H 1% 2 (root mean
square error, RMSE) , H:H1 PLCC 5 RMSE #8¥5 H
VTN 2 WL o £ PP AR T 3-8 ) A e, SRCC

bR PR ITA B L5 DA B35 00 7 7040 5 20
TN 53 857 PR R M 7 T Y — B0PE (Jiang 55 ,2021b;
Jiang,2018) , PLCC F1 SRCC Ay HU{E 15 I ¥ )& [0,
1], PLCC 1 SRCC %UfE K, RMSE £ {H ik /)N, 1%
FANIA IR PEREGF . T gt 3 MERETTFN IR
PR TR Tk E

; (p,' -p)(q; —q)

Poee = = =
J; (pi _13)2 Jz ((Ii _é)z

oA, R FZR % 1 AL S IR R B, p, F g,
ORI i R 3200 KRR S T Y 2 WL
EIFH R, p B g P RIFRENTRIEIE,

(1)

63 &
Paee =1 _m (2)
A, d, TR EWS ORI 5 HE Ty 25 5
d, =X, -, (3)

X, AVY, SRR 2 o i PR F2 000 B 2 L
IR 12 i A RS B HE R 75

PRMSE = J;; (Pi _ql')z (4>
TEPL A, 7511 PLCC A1 RMSE /48

PRZAT, T 28 A S B AR B RS, B2
A 20 B B PEA O ik 1 B R o A — B
[Al—JE N ( Zhan 25,2017 ;Li %¢,2021) . L3802
BT 9355 77 28 (Shao 45,2021 ; Wu %5 ,2018)

S =y -]

20 ] 4 et
o, o« 7 B0 WL i PP B 02 S0 1% 2 WL
f(x) FoRBHMB S WSEL, 7 (1=1,2,3,4,
5) 2 Ma S, K, MaS8nit a2 f i
MATLAB A A4t de /> — 3¢ 7 BR 2K nlinfit 52
P(Li %F,2020b) , 2 MHLA S8R IR AR
el e Sk F 19 2 U 50RI 3 UL 0 B ] 1R 15 251 f
NS E A . AT R nlinfic, Ho A48 3
W80 ARV AR 26 0 23 80 AR L A R ORI R 2 5,
11T i B4 P45 2 B 5k 22 FAE 7 HE (Jacobian ) AR
M, X TZHMBR T 245 8 AT L Video Quality
Experts Group (VQEG) (2000) 3875,

BRUA b 3 DPEHRIRA, i A — Sz F Bt 1
D-test  L-test Fl P-test 5256 43 1) FH 2 56 IE AR 7Y [X 43
KEEUGFTC KR B R R RE J1  F 0 2k HAR B Y e
FIUAB NG vh ) 5] o i S IR B BE O, 6 TP X
3 iy B 2245 2 T T E AR N (2021) 1Y 3C
SRR

)+ T+ 75 (5)

3 HiEE

HETE 28 2405 VR BUS RS0 1050
JIE 45 45 VR EME B a5 2 ( compressed VR
image quality database, CVIQD) ( Sun %£,2017a) . 4>
Jr07 % 5T BF U 0P8 2 ( omnidirectional image
quality assessment database , OIQA) ( Duan %§,2018) |
JE4i VR FEUZ B 8059 I ( compressed VR im-
age quality database, CVIQ) (Sun %§,2020) ., K& 1
AR T AR S0 % 3 4E VR RIMR5T f PP A 8008 %2 ( La-
boratory for Image Video Engineering Three-Dimen-
sional VR Image Quality Assessment database, LIVE
3D VR IQA) ( Chen %5 ,2020) | £ 4 BLALE b P
15 J% ( multi-distortions visual attention quality dataset,
MVAQD) (Jiang %,2021a) EPRERF2A0F 58 Bi D 42 ]
1% 5% & PF M 8088 & (Indian Institute of Science
Stitched Image Quality Assessment database, ISIQA )
( Madhusudana F1 Soundararajan,2019) . VR IQA ( Sui
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AX, iF—,

FEIL, R, Ak EIZEGEMRETFNHATHE

85,2021 ) FTF R 2% w8l A R4 O L R R
(Ningbo University high dynamic range omnidirectional
image database, NBU-HOID) ( Cao %%,2021), FIf]
IR 2B PEEA T TR A 4

1) CVIQD i P2 2 th b ¥ 58 38 K 4 RMG i A
515 BACBRRF ST AT 2017 4E 87, AR T 5 iR
RICR L VR BMSRFI 3 ol B 5 v e 4 A LY
165 W4 EE 3 FhanfJr ik JPEG, H. 264/AVC
FIH. 265/HEVC, T A7 J5U6 K8 402 R T Tnsta360
4 K BRJE VR IR PLIRAS , 73 #8344 096 x
2 048 1R 3% Yy & Ak B3 A ESE AN
Y, FSL8 K FH B (single-stimulus, SS) 3%,
F UL 43 F LAY ¥4 25 W, 53 %8 ( mean opinion scores,
MOS) JE 45 1, MOS {H 8 A R T B

2) OIQA ¥l e 2 iy 11 2c il K Rl AR 5
P2 TRERTFE T T 2018 AFF B SR L (L 5
16 W@ AR JC 2 L VR RIR A 320 X iz i) 2k FL 1K
18, R EFEAEAE JPEG [E4 K FL JPEG2000 JE 45 2%
B TASORR R ST S 4 RS R RPN Ay
5 MRESEG, FE A IR AT ERP £, 70 9
FYWEN 11 332 x5 666 B F 13 320 x 6 660 43
AN, FEMSLE FIAER T SS i, M A 5L E [
85 SR AT 10 73 BT 70k o0 o AR R R
B, eAh, TSR R b e 5% T KA
BB SR B AR S a7 80 12 Hh S it 1 A5G KR
i, AR R C & AT, T BU8E N hups.//
mega. nz/#! FqxxRQRR | 4Ju2qemmo6Ced _7nRBXXgA
aDcjqxjH2uUFnXlIeyE2ts

3) CVIQ H i & CVIQD $0H 7 (37 | B A
Rl —®FFE AT T 2019 4R 57 3LERAI T 16 i i
U AN 3 Fofr 2 B 7 v A 38 AR 11 528 e 4 KA
JFE 45 2 15 J5 1 AN HE ST CVIQD P2 B FH B4 A ),
16 MR R ER A 12 18 2R ] Insta360 4 K BKIE
VR MR ARHLAS, T4 4 2k B T JVET Bl
I, P RSB 73 B3R 10 4 096 x 2 048 123, H
L CVIQD Hlfa e i R0 5 Y RS N 2 5 204, 1
FEL KR A RS SRR FRER T SS
ik, EMA R MOS EIE 2, 128 e R i
$%1 : https :// github. com/sunwei925/CVIQDatabase .

4)LIVE 3D VR IQA %45 1% J2: f 9% [ 78 v 5% 307
RSN TR T 2019 4R, 5 HAD
Bl FEAN TR B 2 e P BRI T XUE LR B

T AR ER B & 22 AP, B
JEh A0 15 AR EIR . B RUR ek HK
B IR IAT 6 B L A4 = s |
B PRk LU RAER L VPO TR 45 2k HH
H. 265 JEARREL, X TR e R 2k 1 MR35 3k
BTARE R B, A T 450 HREEE,
JEF T A R 34 2R Instra360 Pro $ 15 ML A % 3K
(N5 RIS PN AN PN PNV & V)
G, B AR b 0 R A o B R R AR Y
7 680 x 3 840 1R T RHE 4 096 x 2 048 173K,k
FH 0~ 100 BYZELEAT o0l , E W03 B DL 22 70 F- 2 3
4344 ( difference mean opinion score, DMOS) J&
gt HAUE B MR R B i 8 128U R
Pt 1R Zh Bl . BoHE R SR BCBE £ hup /s
live. ece. utexas. edu/research/ VR3D/index. html

5)MVAQD %ifa e & i T K25 BB 5 T
ResA BT 2019 AFEE N, Bl A A 315 1R 360°
P&, Horb 15 R R it iR e 2k EL S, 300 I A 2k AL
K5, KREEGZE R 5 B BBl A%
i ok ELEME AR 145 JPEG E40 % H JP2K &
L HEVC TP 9 % 2% L | 1875 10 g S SRy
TR AT 4 MR EAER U 20 R G, £
WLSEBR 5 i, W B E R R, RS
PEFR N 2255 B B, (B2 g — M MR b A A
—RRE 44N 20 H IR R B b — 24
5 R, BRI IRHUGEE$E « hitps . // github. com/
Jianghao2019/MVAQD,

6) ISIQA %4 i 7 1h B[ A 2= B Se e e 57, 3
St T 26 A PFHERT T B DHE IS 19 264 W7 P4
K5, f—RPHERGA T 4 ~5 IRAAESX
BT EUR DM A, 28 e b i e 1 A A & F
PRE, PHESR —BEFEE S RRE LA
TR H T e g B R A R il A B B i 23 38R
AT ORI, BT LA S N7 32 0000 2 IR 5 B
WEOEAIES R, FERNEQEHESY AR,
BN RN, WS R S 2 T o
2, FWITBCR I MOS (B, 28 P 3R BURE 4%
A :https ; //pavancm. github. io/stitched-qa/

7) VR TQA $d et VT V6 W 48 K2 S B
FBET 2020 AFHE AL, K IR OE T 72 i
VR MG, 434 36 MRl 46 Jo 2k FEGRAR I Y 36 1R
REEE, FIREE A 24 IZFH Intra360 Pro 2
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K5 PHESORRE
Fig.5 The process of the stitched technology

FHRHUAEAT X SEER P T BHER L,
AR 12 MRS JE M 28 R ik, AT
H. 265 [ 4 2k 3L, JE v Br AT IRUAR 89 0 B 3 2 08
7 860 x3 840, FMLLR 1 ~5 S HYHELAT 51
i, o RoB e AU G I iy, S A v ] A
AR TN 51 R Sk S BOE AR sh B . esh, o
BT WL A 4ty i R UL B [0 8 2P 53 ) 520, A
B TPICE T SRR ORI RO I, 2%
B n9 ok BCBE 2 M. https://github. com/
xiangjieSui/img2video,

8) NBU-HOID 4l e Je: th T IR A (5 BBk 5
TAREBET 2021 AR IXBHREE R 1 AR5
e BHASIE IR VR GBI B . A HE A
Kol P L S v s 2530 TR B B S 3 28
TR B R AR LB AR 2 R An Ty, Rt
PRUET 16 AJFE MR TC K B VR EUS A 320 W5 2K FL Y
Z Wt VR EIR, ik BUR H JPEG XT il Ail
OIS ST FEWSLE S R R 9 43353
%, EIIHCR A MOS HIE, 84 AT LA
™ % 32 4k 75 hitps://github. com/caoliuyan/NBU-
HOID,

9)BRLA b VR G 5T D1 B4 A 4, — 268}
WL T B AL UL AR AR AT T — 28 VR P52 PPN
Bl a1 5 R R B GE 1 5 R 4 TR
FEPTEE S HY UIR AU H 57 5 PF U (immersive video
quality assessment database, IVQAD ) (¥ & ( Duan
45,2017 AEHRLAS R R 2 i 1 B TR B
ST AT R 5 J5E AR B 4 (visual quality
assessment dataset of omnidirectional video, VQA-OV)
(Li 55,2018 Fl4x 5EAUIECE % (Xu 55,2017 ) 4%,
ARSCALET X 2S VR R % 0L 57 37 47 23

RIS SIS VR 050 5 & -0 BOE 72 345 A
R

22 Xt 8 NAFFIY VR EBIME it PPN B4 1
3 G BT T AR R

4 FHiRMEREXTLE

ARSI T A AT FR BURD NR B B4 5
IR INETES S VR B dE ERrkRE, Hod, FR
774045 PSNR SSIM . S-PSNR #l CPP-PSNR, NR
ATy o 45 H R PFA 1% (blind image quali-
ty index, BIQI) ( Moorthy I Bovik,2010) J&F2k K
AU U] 1) PR 5 P 0 5 2 1 DY 5 3 ( distor-
tion identification-based image verity and integrity eval-
uation , DIIVINE ) ( Moorthy #1 Bovik,2011) |25 & J&
B H SR EMG BT VA #% 59 77 25 (integrated local natu-
ral image quality evaluator, IL-NIQE) ( Zhang %%,
2015) FETZ RS EZ B H IFM (blind multi-
ple pseudo reference images, BMPRI) 77 7% ( Min 4§,
2018) LT Joit 1 45 1) A4 HE W 1) Joit £ VT ¢ O 1k
(quality-discriminable image pairs inferred quality in-
dex, diplQ) ( Ma 55,2017 ) FlI 2 A 55 3 21 3y 10 1 )
B ff 28 ) 2% (- multi-task end-to-end optimized deep
neural network , MEON) ( Ma %,2018) .

3R TN RS AR XA R B
AU PEREREST TINKHLE R . i PLCC 1 SRCC %L
(BB Ry, ARAR I 512 ) TR0 R 1 vy, B 1
FWAIREAF G, T EE R, BT ISIQA $ds
JE rh R S A O ECPRHGARR] 70 B R A SR ook HL K
83X 145 FR 205 2 M RE TC i 03K, PRk 36 P
BIALEAR I -7 3o, ISR A SE R 45 2R m] LA
HPURE5E 1) B J5 IR A R 1 ATk fE
AT i 26 5, BAT — M5 1L RESAE BT A7 Bl 4 1A
AEZRI LA AR A P R X BRI SRR i B A 1
$Ei;2) FR BUJ5 vk L NR L7 ik rE g ar, £
JEL R R R BT B TR R BN S %, (HE
RERITIEAE BRI HAE L NR J7 1 BAT SRR
BRYE, 3) 3 Fm PN ITATE VR 10A EidldE
A PERE L 88 £ 22 , e 9 PLCC Al SRCC KfH X
0.3 Kt HFEEHZHREE D PR RS
1RGSR R AR A 22 L0, LA J7 ¥R TC AR 4 4
ATV,
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275 /58H /202258 B AE, iT—, FEX, S8, AM / EIVREERGENRSIFNHATERE

x2 SALFH VR BRRETNHEENETEFREE
Table 2 Summary of the main information of eight public databases for VR IQA
MOS/

JEAR L K , e .
P REZA DMOS BHE R 4
JPEG 45
CVIQD iR 2017 5/165 H.264/AVC JE45  MOS F05TE CVIQ Hidf
H. 265/HEVC JE4i
JPEG JE45
JPEG2000 J&44 MOS https ://mega. nz/#! FqxxRQRR! 4 Ju2qemmo6
TR Ced_7nRBXXqAaDcjqxjH2uUFnXIeyE2ts
fr U I 7
JPEG 45
CVIQ IEASE AR 2019 16/528 H.264/AVC JE4i  MOS  https://github. com/sunwei925/CVIQDatabase
H. 265/HEVC 45
T
Fe TR
LIVE 3D = [ fE T 2019 15/450 Bk E DMOS http . //live. ece. utexas. edu/research/
VR IQA BEHT R (CREBE) TR VR3D/index. html
VP9 45
H. 265 &4

JPEG JE45
JP2K JE4

MVAQD TR 2019 15/300 HEVC M4 MOS  hitps://github. com/Jianghao2019/MVAQD
Sy
N TR TR

ISIQA nggg 2019 26 #H/264 PrER H MOS hitps ; //pavancm. github. io/stitched-qa/
PR A

VR IQA TLPEI 22 2020 36/36 H. 265 FE4: MOS https ://github. com/xiangjieSui/img2video

I N PEG XT 4t Fn
HOID T K 2021 16/320 ! 3 Hyfé]f&* MOS https : //github. com/ caoliuyan/NBU-HOID

Bt fEval U )

g

OIQA LA R 2018 16/320

®3 HAEXTRNESENESERETNAEES VR HEE Ealtat

Table 3 Performance of existing state-of-the-art FR and NR quality assessment metrics on seven VR databases

HERE FR NR

s Ei=ga PSNR  SSIM  S-PSNR CPP-PSNR  BIQI ~ DIVINE IL-NIQE BMPRI  diplQ  MEON
CVIQD PLCC  0.813 0.745 0.782  0.703 0.565  0.597  0.646  0.619  0.625  0.655
SRCC  0.78 0.717 0.754  0.701 0.545  0.572  0.632  0.604  0.621  0.649
010A PLCC  0.492 0.856 0.716  0.707 0.473  0.616  0.597  0.431  0.701  0.749
SRCC  0.497 0.880 0.712  0.703 0.414  0.581  0.573  0.338  0.691 0.717
avIg PLCC  0.786 0.897 0.785  0.779 0.548  0.438  0.626  0.627  0.706  0.665
SRCC  0.757 0.885 0.761  0.754 0.442  0.413  0.534  0.621  0.623  0.567
LIVE 3D PLCC  0.651 0.718 0.662  0.604 0.527  0.502  0.553  0.742  0.722  0.702
VR IQA SRCC  0.560 0.694 0.608  0.527 0.468  0.443  0.484  0.740  0.608  0.629
MVAQD PLCC  0.683 0.758 0.703  0.721 0.432  0.583  0.321  0.601  0.664 0.570
SRCC  0.671 0.743 0.714  0.682 0.495  0.596  0.304  0.602  0.652  0.585
ISIOA PLCC - - - - 0.278  0.303  0.338  0.392  0.814  0.805
SRCC - - - - 0.293  0.501  0.285  0.404  0.799  0.770
PLCC  0.239 0.051 0.224  0.206 0.104  0.108  0.304  0.292  0.312  0.342

VR IQA

SRCC  0.103 0.049 0.107 0.108  0.103  0.104 0.210  0.208  0.227  0.353
T PR FOR BT IR LSS R, -7 3R FR BB A TCIEAE BT IR 225 TR 0 1STQA il kA ik
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