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Abstract: Objective With the rapid development of the virtual reality (VR) industry, the omnidirectional image acts as
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cessing, and storage. Omnidirectional image quality assessment (OIQA) is an evaluation technique that aims to quantita-
tively describe the degradation of omnidirectional images and plays a crucial role in algorithm improvement and system opti-
mization. Generally, the omnidirectional image has some inherent characteristics, i. e. , geometric deformation in the polar
region and semantic information more concentrated on the equatorial region. The viewing behavior can conspicuously affect
the perceptual quality of an omnidirectional image. Early OIQA methods that simply fuse this inherent characteristic in 2D-
IQA do not consider the significant user viewing behavior, thus obtaining suboptimal performance. Considering the view-
port representation that is in line with the user viewing behavior, some deep learning-based OIQA methods have recently
achieved promising performance by taking the predicted viewport sequence as the model input and computing the degrada-
tion. However, the prediction of the viewport sequence is difficult and viewport extraction needs a series of pixel-wise com-
putations, thus leading to a significant computation load and hampering the application in the industry environment. To
address the above problems, we proposed a new no-reference OIQA model, which introduces an equirectangular modulated
deformable convolution (EquiMdconv) that can deal with the irregular semantics and the regular deformation caused by
equirectangular projection simultaneously without the predicted viewport sequence. Method We propose a viewport-
independent and deformation-unaware no-reference OIQA model for omnidirectional image quality assessment. Our model
is composed of three parts: a prior-guided patch sampling (PPS) module, a deformable-unaware feature extraction
(DUFE) module, and an intra-interpatch attention aggregation (A-EPAA) module. The PPS module samples a set of patch
images on the basis of prior probability distribution in a slice-based manner to represent the complete image quality informa-
tion. DUFE aims to extract the perceptual quality features of the input patch images, considering the irregular semantics
and regular deformation in this process. It contains eight blocks, and each block comprises an EquiMconv layer, a 1 X 1
convolutional layer, a batch normalization layer, and a 3 X 3 max pooling layer. The EquiMconv layer employs a modu-
lated deformable convolution layer that introduces learnable offset parameters to model distortions in the images more accu-
rately. Furthermore, we incorporate fixed offsets based on distortion regularity factors into the deformable convolution s off-
set to effectively eliminate the regular deformation. The A-EPAA comprises a convolutional block attention module
(CBAM) and a patch attention module (PA). The CBAM assigns weights to each channel to adjust perceptual quality fea-
tures in both channel and spatial dimensions. The PA adjusts the contribution weights between patch images for an overall
quality assessment. We train the proposed model on the CVIQ, OIQA, and JUFE databases. In the training stage, we split
each database into two parts: 80% for training and 20% for testing. We sample 10 patch images from each omnidirectional
image, and the size of the patch image is set to 224 X 224. All experiments are implemented on a server with an NVIDIA
GTX A5000 GPU. Adaptive moment estimation optimizer (Adam) is utilized to optimize our model. We train the model for
300 epochs on the CVIQ and OIQA databases and 20 epochs on the JUFE database; the learning rate is 0. 000 1 and the
batch size is 16. Result We conduct experiments covering three databases, namely, CVIQ, OIQA, and JUFE. We demon-
strate the performance of the proposed model by comparing it with nine viewport-independent models and five viewport-
dependent models. To ensure a persuasive comparison result, we select the Pearson linear correlation coefficient and Spear-
man’ s rank correlation coefficient (SRCC) as performance evaluation standards. The results indicate that compared with
those of the state-of-the-art viewport-dependent model, i. e. , Assessor360, the parameters of our model are reduced by
93. 7% and the floating point operations are reduced by 95. 4%. Compared with the MC3601QA , which has a similar model
size, the SRCC is increased by 1. 9%, 1. 7%, and 4. 3% on the CVIQ, OIQA, and JUFE databases, respectively. Con-
clusion Our proposed viewport-independent and deformation-unaware no-reference OIQA model thoroughly considers the
characteristics of the omnidirectional image. It can effectively extract quality features and accurately assess the quality of
omnidirectional images with limited computational cost.

Key words: image quality assessment (IQA) ; omnidirectional image; deformable convolution; attention mechanism; no

reference; viewport
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Fig. 1 Sampling strategies of each type of convolution
((a) standard convolution; (b) deformable convolution;

(¢) equirectangular convolution; (d) proposed convolution)
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Fig. 3 The architecture of the proposed model
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ORISR

2 L OI§
2.1 HUIEE

ARSCLIAE VAT 3B 4 L RTT

1)CVIQ B#iE 2 (Sun %5 ,2018) . AU 16172
% A PG RN IO 4 528 e 1 4 A%, ik 26 (1%
3w U g A5 B R R 48 T K, 3 JPEG R 4
H. 264/AVC F1H. 265/HEVC, &R 452804055 11 Fh
JRARFRIE .

2) OIQA %48 )% (Duan %5 ,2018) . 405 16 1R
23 4 5 RIS RN I 8 320 1 2 EL RS, 3 86 46 B
K%t JPEG JE 45 . JPEG2000 FE 45 | w5 rR0m 7 v
MR 4 i L B A R 4 T A o

3) JUFE $545 ¢ (Fang 45, 2022) . 347 258 {1
FEB RIS 2 R LS Y 1032 07
R ECEMG a0 i R 5 Sk (AT Bl b B LA 3
SPRE, Hh & AFPEEY ) 06 1 - = W BORT | i
MR IR ESE PR L
2.2 KEEE

AR SCSEGAE Ubuntu22. 0. 4 #:4E 248 FigkfT7, H
fic /5 NVIDIA RTX A5000 (24 GB N 17 ) , Intel (R)
Xeon(R)Gold 6326 CPU @ 2. 90 GHz(260 GB RAM) ,
$EH B ELLE PyTorch 2. 1. 0388 FH5EE,

TEEMR HOR BB B, 4 B R4 TH 7 0, % BN
23°  SREU MG B R 104, B G B g RS
R 224 x 224182 F o R H A & B AR Al 11 (adaptive
moment estimation, Adam ) {1 f& & 32 o 455 AU 3F 7 91|
YR IR R 1E-4, 2 2] R R cosine JE
BT B 1E-6, A 52 98 (weight decay) % & 4
SE-4. FEYIZRI B, FEAHL 3 K/ (batch size ) 15 &
16, 7E CVIQ . OIQA Htdls £ E iy Il 2R 191 4 300 4>
epoch, 75 JUFE 48 48 E (9311 25 5 1 2 20 1> epoch.

R A1 T P AGORE K0t 4R 23 S I A A i 4R, IR 4k
3153 S B 14 80% , M IUAE 1 L 20% .
2.3 iFMIERR

ARSCR T 3 Tt FIAO PR R4 , B B IR BRNMEAR
K 2 %0 (Pearson linear correlation coefficient, PLCC) |
7 Jz R 2 A0 ¢ R KX (Spearman’ s rank correlation coef-
ficient, SRCC ) Fll1 ¥4 J5 MY % 2% (root mean square error,
RMSE) . H1, PLCC HI RMSE FH T P4 1000 i) o4 6
PE 1 SRCC T VFA T5000 B Pk A — Bk o BR T
SRCC 4, PLCC Al RMSE ¥ $% 8 11 2 K1 26 1k A5
THE, LA S R B

F(x) :Pl(%—m) +px+ps (11)
A, o FF (x) 43 51 22 7 T (74 5 8 45 0 T e S5 1)

BT, prspas -
2.4 MHREELLE:

N T VAR A SR RIVE BE A P E AR 3, K 42
AN 55 T 3R A TQA A OTQA J5 Bk 745 &
PERE FL 8, Hob A 455 O Fh A AL F1 AR i) A5 Y < SSIM
(Wang 45 2004) .S-PSNR (spherical PSNR) (Yu %,
2015) . WS-PSNR (weighted-to-spherically uniform
PSNR) (Sun % , 2017) . CPP-PSNR (craster’ s para-
bolic projection PSNR ) (Zakharchenko 5 ,2016) . WS-
SSIM ( Zhou %5, 2018) . CONTRIQUE (contrastive image
quality evaluator) (Madhusudana 5% , 2022) . MANIQA
(multi-dimension attention network ) (Yang %5 ,2022) |

L RERIUBSHL

VCRNet (visual compensation restoration network )
(Pan %5 ,2022) fil LIQE (language-image quality evalu-
ator) (Zhang %% ,2023) , DA S& 5 il 13 44 5 (4 A5 780
MC360IQA (multi-channel CNN) (Sun %, 2020) .
VGCN (viewport oriented graph convolution network )
(Xu %%,2021) ,AHGCN (adaptive hypergraph convolu-
tional network ) (Fu %% ,2022) . Fang22 (Fang %, 2022)
F1 Assessor360 (Wu 55,2024 ) . AS[R Jr i B PERE kb
B,

BeAN, T EOWLE AR AR SCOT VA AR R 2 7 1T Y
DEFA, ) — LM B AL I (1 DAl J5 v HEAT AL 2 8
(Params ) 3135 (FLOPs) ] #i4k , HeA g R an &l 5
JIt7s AR SCRER BAT 35 A et

TR LA R A0 N 2B 5, DL
RN R i A1 2D-1QA J7 i th T 80A % i 4 5t 4
A5 PR A A Y A AR R 72 R SO0 A R AL TR 3 B
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F1 FEREA LR
Table 1 Performance comparison of different models
CVIQ % di gk OIQA 4k JUFE #4542
EyAZKRE Params/M | FLOPs/G |
PLCC T SRCC T PLCC T SRCC T PLCC T SRCC 1T
SSIM ERP 1% N/A N/A 0.6672 0.6741 02886 03846 0.1330 0.0570
S-PSNR ERP %1% N/A N/A 07083 07083 05997  0.5399  0.0434  0.0299
WS-PSNR ERP &% N/A N/A 0.6729  0.6107 05819 05263  0.0444  0.0299
CPP-PSNR ERP 1% N/A N/A 06871 0.6265 05683 05149 0.0440 0.0298
WS-SSIM ERP %1% N/A N/A 09293 09116 05044 05032  0.0321 0.0260
CONTRIQUE  [&I{§He 28.0 26.6 04562 04673  0.1724 01700  0.1046  0.095 1
MANIQA [REESER 135.7 108.6 02872 02795 03675 03082 0.1262 0.1182
VCRNet E G 16.7 10.3 0.3903  0.3927 04251 03828 0.1467  0.1207
LIQE ESREEER 151.0 44.2 0.4842 05357 07671 0.8736 02261 0.2010
MC3601QA*  FLIT % 22.4 30.3 09506 09139 09247 09187 0.6331 0.5897
VGCN* R RS 26.5 191.5 09651 09639 09584 09515 0.6998  0.6627
AHGCN 0 ES 12.2 47.8 09643 09623 09649  0.9590 - -
Fang22 M EE 25.2 174.3 - - - - 06422  0.6171
Assessor360*  MLITEG 88.2 230.5 09769 09644 09644 09644 0.8125 0.8078
AL RSN 5.6 10.6 09458 09330 09441 09358 0.6649  0.6329

HN/A TR T AR G S0 I IR R i PR e
VIAE BE JUFE B84 =" Fom R IT R S5

mm Params/M ]
3 FLOPs/G
200

150

100

50F

e

& o o> W o A0
’&' P»Q&C) 0,56Q\ < {b(\% N € sseﬁ’so‘

(=]

K5 A0S AT kRS EE AT A
Fig. 5 The Params and FLOPs of the proposed

method and test methods

A USRI PERE , X R W Y AT 2D-10A
T5 A T R LR R e R R A
ScPEUG, D TED Sz e T Gnfal A5 200 B ERP EIE Y
P IR AR X T R R M e B, HR, HE T ERP
KR RFAIE X PSNR  SSIM il LA B 9 75 ¥, 75 CVIQ

3 T FOREBRMR, | FR (B ; * FR R AT B

1 OIQA BHln 4 IS T i i PkRE . H2H TF
AR B RRAE S BBOE DL IS I 52 4 22708 (1) 2k LR ER
PRI T 125 00F 2 L4 S IRUG AT RS TEDEAfr o JE 2 X
T JUFE B P AAE AR 51k E A IR, iX 26
P 5 v 4 Tk Ak J P 5 ) Jeg ¥ I o i - S
KA WAL, BT 0 P A RGRAE ] P BT
AHCAT B BT O R A 7 YA TE 3 s
B ARG TR PR ASOR | (H X S AR M
T A R AT A A A 1 A SO R R
B AR R R R S e A R L,
VGCN Jy 7 77 %238 5 SURF (speeded up robust fea-
tures)%%ﬁ#%?l—l:*ﬁ{m']ﬂéﬁyj ERP B B S HE S, 4R
e 2o e T I AT SR ARG 25 PR T 18] (Heat-
map) IS B XA S X I A TR R Ak bR 35
PAFR IR 3 B9 AL EHR P A1), X3 i T VGON JF
{ZEK_‘IEJ— Y Params 1 FLOPs,
EOL DT BE A BRI WA 1T R
1k, 1E' ST B ) S A T4k B R RR A T AR SE PR
I o 5 A SRR R AR ST R AR AR
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R, 1B, R, XFEK, FEMS
FROKBPIBMELSE 2R EGRETN

F£ CVIQ ., OIQA il JUFE iX 3 1~ %4l 45 b iy 38 7
6 AR WA A PERE A TR T, S T X AR R S
BOMTE R 10 8 B e 4 o HLAOR UL, AR OB 5
TR BE B U 1Y Assessor360 JTIEAH L, S8 & /DT
93.7%, i H &g > T 95.4%, JF H 1E CVIQ I
OIQA F W& Wdsbrsi & ZERITE3% LIN . 5
BRI LAY MC3601QA 75 V5 AH Fb , A8 SCAR Y Y
SRCC 85 7E CVIQ £l 242 T+ 1T 1. 91% . OIQA %%
B4R T T 1.71% DL X 7E JUFE B dg 42 3 7F T

MOS: 34.45
Prediction: 33.15

(a) CVIQ HiHiEsk

MOS: 64.82
Prediction: 63.05

MOS: 48.86
Prediction: 52.00

MOS: 6.70
Prediction: 6.80

MOS: 7.05
Prediction: 6.92

MOS: 5.42
Prediction: 5.19

4.32%,

R T 2 B UE AR ORI AE SR Tl A s 1)
TSR , A S5 AR 5L 3B 4 1 1B I 4 iR
o AN () 1 4 R A T I i T, w4 A 4 S
Bl 6 fran o Tl g5 R R B, A SCREALTE CVIQ Al
OTQA PIEHs 55 1 i T 45 4 e, 5 B S o
i (MOS) AH 2245 /)N s 78 JUFE B 45 1 & 304 35040 &
14 B T 5 i 5 MOS A7 7 — 2 2215, (U2 RE % H1 B
SR PNE O iy

MOS: 18.92
Prediction: 19.48

MOS: 2.47
Prediction: 2.35

(b) OIQA #Him £

MOS: 0.85
Prediction: 0.89

MOS: 0.58
Prediction: 0.61

MOS: 0.41
Prediction: 0.50

MOS: 0.21
Prediction: 0.22

(c) JUFE ¥l
Flo ARSCEEITE 3 Kin B b i o fl 7 4]

Fig. 6 The examples of quality prediction of the proposed model on three databases
((a) CVIQ database; (b) OIQA database; (c¢) JUFE database)

2.5 HERELIE
2.5.1 BRIk

T 95 DUFE S8 i S48 il A2 T 5 B Bt
iR AR S q d o € O = T M 2 R 7 7 NG A O - R
I3 AR b B SRR R A AR B AR A R R AR
HEG TR AT B, DUE i o A AR R 7 X4
BRI R AR REAE 17 18 I B BRE )45 R W s i AR L A
CVIQ BuHi4E it Tz iHml s i . SCm s gk 2
B A A5 50 T P AR T 26 RS 00 R o 26 BRUR o]
IR, PLCC 3 BT+ T 6. 51% F1 7. 87%,
SRCC 3BT T 7. 15% A1 10. 42% , E B 1 A 3C

e HH S AT VA AT A 3R R AN LU T SC 1) LA 4 45
M A2 [

®2 ARSBRBEREERERZIE

Table 2 Impact of different convolution operations

B PLCC T SRCC T RMSE |
PR R 0.880 7 0.861 5 6.379 8
SR 0.867 1 0.828 8 6.709 6
SR AT AR A T 0.945 8 0.933 0 4.3755

TE LT AR IR AETERE, T FoR BRI, | R i
AL
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2.5.2 RFEALE

N T ARTE AL MR R AL X R~ ] B2
S R RS epoch HB e I — ZH AR ] (14 SRAE AL
PEATINGR o X R RAE BB AR i e AR AR S
THAR R REAR S S A JER A E 1221k, A1
B, AR [ E R AL B S5, 551 epoch # X 1415
PR G AT EREHLR AR , BB A 2 R A Y K]
BIRAELL R A B ARG HIE B o TERTRL A1k
FPEAfr 3t A v, A S DR P A R A D7 20T A At
ZHNBCE AR, UHBRIETER TR R . 12 CVIQ
BB M ZE R ANER 3 7R FE R epoch AN [ 2 SR FE
(7B AR BE 2500 T [ R AR B A PERE , X
E TRV A ZRERY RGP 5 AT B T4 v 1 8
14 J5 e R RN BE g LA K TR

F3 BEEREMEURIEEERFEMEREREXTLE
Table 3 Comparison of fixed and non-fixed

sampling schemes

(A PLCC T SRCC 1 RMSE |
¥ 5 7 B SRR 0.844 4 0.778 2 7.2170
AL LB RAE 0.945 8 0.933 0 43755

T TR SR e vERe, T 2R MR, | Fon (i
/NI o

2.5.3 SRS

HIRGE IR IE SE g oAt 5 R PR AL 25 8 2 (8] (1)
TETE I, X 43 X o0 TR T 0, A5 AS (R BBUEL, DA
26 X BRI 43 . 7E OTQA a8 HEA 7% 00 i 52
¥ ERIE 4R, 20,07, R4k T ERP &
B IR, RS X BRI T 25
43 KA AR [R5 1 [ 5 e, HJE 745 2 o 38 0 & Y
EURHE X 5 R IB Se 50 53 A AFAE 7 6, 7T DL A A A
W 2 eRE . BEE 0, AW N, 38 £ E{S B
H AR AE A e R 5 DX e, A5 70 M R i L T
0, B3k 23°, B s 4l 2 AR 26 DX Sl FH -
F AR 60% , I MIZ X R FE 8BS B 550
60% [P G B, B R PR BRI d5c It o 111 24 0, 4k 25234
I, BT 0 SE 56 o3 A 45 RATE S T R I 2 SR
S, BRI BRI T R . 1% SRR B R I — N 1
B B2 BRI 3 PR X6 A SO R R AT S5 A0 T T 45
REXHE,
2.5.4  EUGHRAECRI RS 500

R T SR HERAE A BN /N X B B 1Y)

R4 SEXNSEFEM
Table 4 Impact of the latitude division factor

0, A%ZEMH/% PLCC T SRCC T RMSE |
90 100 09160 09037  0.8457
53 80 09413 09258 07113
23 60 09441 09358  0.6949
13 40 09346 09246  0.7499
6 20 09276 09214  0.7874
0 0 06954  0.6195 1.514 7

TE LR FIR R AL PERE , T FOR EIORRE, | Fon (B
AL o

SR, A SO R RS T 1A 5 (104 F 20 4R AE
PR AR A B AY (1 A, 7 B B S AR K iR
BT 28%28.56 % 56,112 % 112 L} 224 x 224 4 %
4 Fp RUBE I U B RS o 78 CVIQ Bl 4 k47114
TR LSRN T R . EASF ERHR Y
TGO, bt MR BRI AR TR i, A5 1 BE X 7
FET; (A B AT 2R R BT BT R, TR
B4 AL AL R . 24— 1 ERP B4
P10 BHR P, IF H A R R 224 %
224RZ BT BRI R AR R, 2R I L A Y TR B
B RENE B I M AT A S RS B R T i
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o
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Fig. 7 Impact of the number of patches and their size
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Fig. 8 Comparison of model performance against size
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