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No-reference light field image quality assessment
based on joint spatial-angular information

Wang Bin', Bai Yonggiang®, Zhu Zhongjie®, Yu Mei", Jiang Gangyi'

! Faculty of Information Science and Engineering, Ningbo University, Ningbo, Zhejiang 315211, China;
?College of Information and Intelligent Engineering, Zhejiang Wanli University, Ningbo, Zhejiang 315100, China

Abstract: Light field images provide users with a more comprehensive and realistic visual experience by recording
information from multiple viewpoints. However, distortions introduced during the acquisition and visualization
process can severely impact their visual quality. Therefore, effectively evaluating the quality of light field images is a
significant challenge. This paper proposes a no-reference light field image quality assessment method based on
deep learning, combining spatial-angular features and epipolar plane information. Firstly, a spatial-angular feature
extraction network is constructed to capture multi-scale semantic information through multi-level connections, and a
multi-scale fusion approach is employed to achieve effective dual-feature extraction. Secondly, a bidirectional
epipolar plane image feature learning network is proposed to effectively assess the angular consistency of light field
images. Finally, image quality scores are output through cross-feature fusion and linear regression. Comparative
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experimental results on three common datasets indicate that the proposed method significantly outperforms

classical 2D image and light field image quality assessment methods, with a higher consistency with subjective

evaluation results.

Keywords: light field images; spatial-angular feature; epipolar plane information; no-reference image quality

assessment; angular consistency
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A R EMUA . SR)E, BEDLESRE K2 DR T
Y5, RN 2 AT LN kR T RE R,
A K (K-D2 Mg d G . &4, ETHA e
ML G HATSE0S, IR T2 A BRI R RE R I

1 FH = AR bR A 125 A R B B PR T I
fiE: Pearsons £k P 4#H5¢ R L (Pearson linear correlation
coefficient, PLCC), Spearmans FkFAHICZREL (Spearman
rank order correlation coefficient, SROCC) Al J5 Hd i%
# (root mean square error, RMSE), PLCC i & W1
W7 BN 45 RS MOS ER R PECF, SROCC &
VESRIA M, RMSE PPAR UMK B o %5 9 PLCC Al
SROCC {HFR/R 4 Ay PERE, 1 RMSE WIAH . MR
SCik [30] # i, T PLCC il RMSE Z iR T
—MEE S SN ARL M BT e,
X (9) FiR:
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P 1 JBIR T r 5 OGS R AE WinS-LID,
NBU-LF1.0 DA K& SHU %454 b iR PEREXT 1L, fix
FEMERERIMIIA R /R . I 1 TPl IR, 541 2D
IQA J5 AR TC G HEHL TN LFI AT, 3X 2R
X BT EE AT % e R LET 594 B 2k 0T AR
IR BY A . T FR/NR LE-IQA J5 5T LFI (4%
PR R, BIONE T AR BN TR RS R 52
M, AT SEER T O g A T e vk . Ho, S TIREE
4 S HEZR(Y) DeeBLIF ik M tERE B T HE R T
G F THRHEM ik, XAl BESE 2 CNN X+ EIHR
AE SR IRIAE 77 . BRI, KZENA Y LF-IQA
Ji AR R AR AN 25 (R AE RS, 206 T v ] i i
PRRIE, HARRE T e REMEE, BRI 4ey
R RS, MIASCGHE IS B RIREGFHE, 785 FIH
Z RERHIE, BEamib Rk EE L, If454 EPL i
TPRRIERN T, B AR AR A IR, TR B T AR B df
IMERE . = AN B4R LA etk ae, b
Win5-LID il NBU-LF1.0 %4} % ' SROCC % 2t H} B
AP, H 5 AT g 2 T WinS-LID Al NBU-
LF1.0 R a2 MEHA A, 1M SHU k4 -
BALHE 2D BUR R WL H

TS g R T 2 K 338 Bk, AN R R &1

Jr R FEUNGAEMMNREAR], = AR 1 25
Weo AT AR A A IHE LF-1QA ik
TRPERE T T EE, & 5 /R T Win5-LID 1 NBU-
LF1.0 % 4% 4 I SROCCH WA B K . Kl 5,
SROCC {H I P E LT FRR . X F—Fh 1QA J7ik
e, HARRIE PRt . FiAm s, Hm
I B AR AT

ATV EL, ARSI 0 ) e v R A e o
AT HEXT A LF-IQA ik,

3.4 HXMARIELBWE K

R T B2 B BT AR AR TR S TQA Y
FEATR R B2 BN 4 B8, 78 WinS-LID I NBU-
LF1.0 B4 EakAT 1 e 2R A M RE LU 525
X HAEE Win5-LID Zdi 4 th 5T CNN i A4~ 2k
B, BN RAEE KRB0, 2 Tl
T SROCC Mg, Hrh i AAEpERe fk vk e o 5 H
RN RIZR 7 o Hit 3R B AR £ 45 2k FLS Y
HRRSEI 1 i R A R A A R B

22 Bon, AR T SAE-BLFI 75 2504k B
S T B AEERE B AEYERE, T ELZEA B R 2
A (1 JPEG2000) | A B E M EE . X TR 2
FR/RR LF-IQA 775, HTFZ% T Hlh LF1 M ES(E
B, TUSEATIANEEYE. fERASHRZRER
S5 T, 2D-IQA Jrikxt sk B A PEREIA &
0 B T A AR B PERE, T LF-IQA J5 ik 2%

%1 RE) LFI 338 & F KRB 7 ik 6 SR b 68 thdk

Table 1 Overall performance comparison of different methods on different LFI datasets

Win5-LID NBU-LF1.0 SHU
Types Methods
PLCCt SROCC? RMSE, PLCCT SROCCt RMSE| PLCCt SROCCt? RMSE|
BRISQUE™" 0.6217  0.4537 0.7604 04989  0.3871 07879  0.9011 0.8883 0.4591
NR 2D-10A GLBP™ 0.5357  0.4150 0.8130  0.5056  0.3490 07647  0.7168  0.6565 0.7504
MDFM® 0.7763  0.7471 0.6249 07888  0.7559 0.5649  0.8947  0.8908 0.4863
FRLF-IQA Min's"” 0.7281 0.6645 0.6874  0.7104  0.6579 0.6439  0.8497  0.8470 0.5757
Meng's™ 0.6983 0.6347 0.7203  0.8404 0.7825 0.4889  0.9279 0.9203 0.4039
BELIF®" 0.5751 0.5059 0.7865  0.7014  0.6389 0.6276  0.8967  0.8656 0.4803
NR-LFQA®™ 0.7298  0.6979 0.6271 0.8528  0.8113 0.4658  0.9224  0.9229 0.4132
Tensor-NLFQ™ 05813  0.4885 0.7706  0.6884  0.6246 0.6305  0.9307  0.9061 0.3857
NRLF-IOA VBLFI"™ 0.7213 0.6704 0.6843 0.8027 0.7539 0.5218 0.9235 0.8996 0.4064
4D-DCT-LFIQA”  0.8234  0.8074 0.5446  0.8395  0.8217 0.4871 0.9400  0.9320 0.3691
DeeBLiF!™ 0.8427  0.8186 05160  0.8583  0.8229 04588 09548  0.9419  0.3185
SATV-BLIF™ 0.7933  0.7704 0.5842  0.8515  0.8237 0.4686 09332  0.9284 0.3897
Proposed 0.8653  0.8451 0.4863  0.9108  0.8937 0.3658  0.9649  0.9547 0.2808
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(a) Win5-LID; (b) NBU-LF1.0

Fig. 5 Boxplot of SROCC distribution in K-fold cross-validation on Win5-LID and NBU-LF1.0 datasets. (a) Win5-LID; (b) NBU-LF1.0

& 2 £ Win5-LID #= NBU-LF1.0 48 % £, R 7 k4t T RF . A %£A 69 SROCC 14
Table 2 SROCC values for different distortion types across various methods on Win5-LID and NBU-LF1.0 datasets

Win5-LID NBU-LF1.0 Hit
Types Methods
HEVC  JEPG2K LN NN NN BI EPICNN MDR  VDSR  count

BRISQUE®* 0.5641  0.7801 05222 0.2462  0.3435 04145 0.5795 04331 0.7937 0

NR 2DIQA GLBP™ 07165  0.4853  0.4678 03011 0.3229 0.3995 04344 04478 0.7381 0
MDFM®! 07922 07669  0.6437 06692 0.8025 0.9089 07899  0.7386  0.8709 1

FRLF-IQA Min's™ 0.6997 06507 06159 0.6288 0.8156 0.8667 0.7361  0.7963  0.9376 1
Meng's™ 0.8886  0.6939  0.8459 0.8001 07429 09018  0.7997  0.5783  0.9225 2

BELIF®" 07666  0.6379  0.6097 05452 0.7680 0.7122  0.6874  0.6128  0.7989 0

NR-LFQA® 07571 07338  0.6362 07026 0.8930 0.8807 0.7653  0.6111 0.8164 0

Tensor-NLFQ™ 06853 05799  0.5663 0.5897  0.6946 0.7203  0.5245 05417 0.8018 0

NR LF-IOA VBLFI" 07141 07449 06908 07197 0.8316 0.8372 07195 04613 0.9134 0
4D-DCT-LFIQA” 08698  0.8946  0.8127 0.8235 0.9040 0.8719  0.7100  0.8095 0.8882 2

DeeBLiF!™ 0.9648 08195 07928 0.8306 0.9184 0.8876 07248  0.6961 0.8857 3

SATV-BLiF®? 07918  0.8685 07566 0.8525  0.9282 0.9190 07722  0.6498 0.8617 2

Proposed 0.9417  0.8955  0.8472 0.8742 0.9165 0.9153 07749  0.8443 0.9294 7

AR AR, FEIE R 2D-1QA Jrik Ik % &
LFI A A0 B — 30tk o ik R I A B — S5O AR X il
FEAR LRI it AR KA B, AT E RRY], A3
& B B 7 VR A TN AN ) 9 2R L 2R R I LA B
[z

3.5 HREhCIE

BEXT R T e i = R RRIE SR U 28 EA T 1 I Rl
S, AUFEE RS AR N 4% . 2 RS TS
£ B RRAE BRI 28 AR 1] EPT AR 22 2] %%, 4 3 @&
7~ T 7E Win5-LID 1 NBU-LF1.0 $CH4E I (07 Flse 6
LRGSR, Horp, SEMRE AR R, SFItE

ZRIFEIE, AF fRRAERHE, EF 103 EPLAHE, 4
SUHEAT 1] A 28 (R ol AR E B AT 2 T BOR LR
(2 AR BN TEHE, DT R M Xof 2 B PRI o P VA A
T o SRR G 04 25 RREAE AR BRI AR BERAAE A B Y

RIS 0] f P — BB B, PEREA B et

3.6 RTEEFESH
XA 5 LRI SH RGBT I ik
BT TR S AR EERT LU SRS . O T A, A s
F A6 AH 5] B4 B 14 1 B (CPU ;. Intel (R) Core (TM) i9-
10900X CPU 3.70 GHZ; GPU: NVIDIA GeForce
RTX 3090 24 G; WNAf: 64 G RAM) FH#ufT. MLt
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Pytorch #EATINI, TH & J7 B ] Matlab #4701
P 4 JEIR T X BT I AE WinS-LID S 45 Flowers
HEVC_44 35t F ORI B A6 e a5 53, el L&
th, KRZELSE NR LF-IQA JEFERK, FohE
TGS T AT THRRE AB IR T i P . ST
TR W, AR SCHE 1 1 O 1k AR I8 T
DeeBLiF"™, {HUNFE 1 f 7 B 1 5 0RS o B4 100
ROR

3.7 BEXW

SR P D A Rl R A IR A R AP
AT, AN TEA RIS S 2R T S IE . WinS-
LID #il NBU-LF1.0 (4l 48 h#f 40 % NN K, JFH
Win5-LID 1 SHU $§4f 4 h #f £ 1% JEPG2000 2k K. .

N

R, ST B K0 S 0 UE % . T 7F WinS-LID %%
RTINS, 75 NBU-LF1.0 50¥i 45 F SHU $di 48
AT, MEE R an g 5 FoR, AT RUA AR SO
PEHR T R TEAR TR A £ L EA T 4R HoA R
TRy

3.8 SZritBE i

R Y AT B A LF-IQA 77 ¥ 22 [] 1 i 35 1k 56
Z, RHT F-test XHMERE MR LA 7L, HLks:
YEJH A Matlab H ) vartest2 BRBGHFTITE, BE/K
U E R 95%. K] 6 5% 43 | 7 Winds-LID Fil NBU-
LFLO MR 254 . b “17 0 “0” F1 “~17 43
SRERAT I B A I A A gt e . —
NG5y AT AN B NS ERE . A
I AT DUA A SCHE i i o7 B B AL 7 5 LF-
IQA J7k.

A 3 Win5-LID #= NBU-LF1.0 #0348 & £ R 2 ALk 69 7K Rk 52 30
Table 3 Ablation experiments of different functional modules on Win5-LID and NBU-LF1.0 datasets

Win5-LID NBU-LF1.0
PLCC SROCC RMSE PLCC SROCC RMSE
SF 0.8338 0.8179 0.5217 0.8853 0.8654 0.4104
AF 0.8195 0.7992 0.5322 0.8709 0.8566 0.4208
EF 0.7950 0.7992 0.5652 0.8637 0.8478 0.4176
SF+AF 0.8513 0.8285 0.5057 0.9057 0.8857 0.3845
SF+AF+EF 0.8653 0.8451 0.4863 0.9108 0.8937 0.3658
A& 4 FF) NRLF-IQA 7 iki& 478} 8] 24 b
Table 4 Comparison of running time for different NR LF-IQA methods
Methods Platform Device Time/s
BELIF®" Matlab CPU 167.60
NR-LFQA" Matlab CPU 220.92
Tensor-NLFQ"” Matlab CPU 630.47
VBLFI"? Matlab CPU 68.48
4D-DCT-LFIQA” Matlab CPU 148.29
DeeBLiF"™ Pytorch GPU 2.77
SATV-BLIF® Matlab CPU 4.38
Proposed Pytorch GPU 3.77

A5 £ Win5-LID £4% %& )| 4424 5+ £ NBU-LF1.0 A= SHU 048 & LK ey 2 %
Table 5 The results of training the model on the Win5-LID dataset and testing it on the NBU-LF1.0 and SHU datasets

NBU-LF1.0 (NN)

SHU (JPEG2000)

Methods
PLCC SROCC PLCC SROCC
4D-DCT-LFIQA 0.7753 0.7040 0.7824 0.7967
DeeBLiF 0.8253 0.7265 0.7609 0.7252
Proposed 0.9082 0.8610 0.8821 0.8717
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Fig. 6 F-test statistical significance analysis on Win5-LID and NBU-LF1.0 datasets. (a) Win5-LID; (b) NBU-LF1.0
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No-reference light field image quality assessment
based on joint spatial-angular information

Wang Bin', Bai Yonggiang®, Zhu Zhongjie’, Yu Mei", Jiang Gangyi'
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Overview: Light field imaging, as an emerging media dissemination method, differs from traditional 2D and
stereoscopic images in its ability to capture the intensity of light in scenes and the directional information of light rays in
free space. Due to its rich spatial and angular information, light field imaging finds extensive applications in depth
estimation, refocusing, and 3D reconstruction. However, during acquisition, compression, transmission, and
reconstruction, light field images inevitably suffer from various distortions, leading to a decline in image quality. Light
field image quality assessment (LFIQA) plays a crucial role in enhancing the quality of these images. Based on the
characteristics of light field images, this paper proposes a no-reference image quality assessment (NRIQA) scheme that
integrates spatial-angular information and epipolar plane image (EPI) information using deep learning. Specifically, this
approach estimates the overall quality of distorted light field images by assessing the perceptual quality of image blocks.
To simulate human visual perception, it employs two multi-scale feature extraction methods to establish subtle
correlations between local and global features, thereby capturing information on spatial and angular distortions.
Considering the unique angular properties of light field images, a bidirectional EPI feature learning network is
additionally designed to acquire vertical and horizontal disparity information, enhancing consideration of angular
consistency distortions in images. Finally, by aggregating across different features, the method integrates three distinct
image features to predict the quality of distorted images. Experimental results conducted on three publicly available light
field image quality assessment datasets demonstrate that the proposed method achieves higher consistency between
objective quality prediction and subjective evaluation, showcasing excellent predictive accuracy.

Wang B, Bai Y Q, Zhu Z J, et al. No-reference light field image quality assessment based on joint spatial-angular
information[J]. Opto-Electron Eng, 2024, 51(9): 240139; DOI: 10.12086/0ee.2024.240139

Foundation item: Project supported by National Natural Science Foundation of China (62271276)

'Faculty of Information Science and Engineering, Ningbo University, Ningbo, Zhejiang 315211, China; “College of Information and Intelligent
Engineering, Zhejiang Wanli University, Ningbo, Zhejiang 315100, China

* E-mail: yumei@nbu.edu

240139-12


https://doi.org/10.12086/oee.2024.240139
mailto:yumei@nbu.edu
https://doi.org/10.12086/oee.2024.240139

	1 引　言
	2 提出的方法
	2.1 光场图像的2D表示形式
	2.2 数据增强
	2.3 空间-角度分离模块
	2.4 空间-角度特征提取网络
	2.4.1 渐进式空间特征提取网络
	2.4.2 多尺度金字塔角度特征提取网络

	2.5 双向EPI特征学习网络
	2.6 质量回归

	3 实验结果与分析
	3.1 光场图像数据集
	3.2 实施细节以及性能评价标准
	3.3 总体性能比较
	3.4 针对不同失真类型的鲁棒性
	3.5 消融实验
	3.6 时间复杂度分析
	3.7 跨库实验
	3.8 统计显著性检测

	4 结　论
	参考文献

