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left-view saliency map and the bottom-right-view saliency map
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Table 2 Coding performance comparison of the proposed and other wide-FOV light field methods using PPSNR

Proposed vs RSM"” Proposed vs LsM"”

Proposed vs CAE"”

Proposed vs Ref. [19] Proposed vs BFS

scenes BD-BR/% BD-PPSNR/dB BD-BR/% BD-PPSNR/dB BD-BR/% BD-PPSNR/dB BD-BR/% BD-PPSNR/dB BD-BR/%  BD-PPSNR/dB
101 -56.257 +2.537 -54.762 +2.365 -46.198 +1.988 -1.607 +0.060 +0.814 -0.025
102 -61.663 +2.673 -56.565 +2.215 -59.262 +2.407 -10.972 +0.265 +0.000 +0.000
103 -78.745 +2.806 -74.183 +2.405 -72.536 +2.330 -7.717 +0.133 +0.000 +0.000
104 -63.761 +3.006 -59.969 +2.668 -57.751 +2.511 +0.680 -0.005 +0.828 -0.026
105 -62.943 +2.868 -65.727 +2.928 -58.891 +2.515 -4.647 +0.125 +0.000 +0.000
106 -75.373 +3.140 -75.681 +2.996 -73.104 +2.824 -9.398 +0.121 +0.443 -0.012
107 -68.072 +3.094 -66.476 +2.899 -63.831 +2.780 -7.847 +0.233 +0.660 -0.016
108 -65.631 +3.264 -63.998 +3.143 -60.181 +2.863 -1.505 +0.022 +2.351 -0.066
Avg. -66.556 +2.923 -64.670 +2.702 -61.469 +2.527 -5.377 +0.119 +0.637 -0.018
& 3 POy k5 AAR AL A% B A% 75 ik 4L PSNR 45 4R L 49 % 25 M A 3t b
Table 3 Coding performance comparison of the proposed and other wide-FOV light field methods using PSNR
Proposed vs RSM™ Proposed vs LSM"” Proposed vs CAE"™” Proposed vs Ref. [19] Proposed vs BFS
Scenes BD-BR/% BD-PSNR/dB BD-BR/% BD-PSNR/dB BD-BR/% BD-PSNR/dB BD-BR/% BD-PSNR/dB BD-BR/% BD-PSNR/dB
101 -37.875 +1.480 -36.481 +1.435 -30.831 +1.183 -4.454 +0.194 +4.528 -0.138
102 -42.290 +1.471 -35.726 +1.175 -32.937 +1.092 -7.345 +0.196 +0.000 -0.000
103 -43.322 +1.070 -45.205 +1.235 -41.416 +1.009 -1.192 +0.029 +0.000 -0.000
104 -46.524 +1.896 -38.929 +1.523 -41.524 +1.639 -0.423 +0.034 +3.558 -0.123
105 -48.528 +1.929 -42.787 +1.636 -44.458 +1.720 -9.014 +0.262 +0.000 -0.000
106 -55.287 +1.832 -54.942 +1.841 -51.087 +1.662 -11.887 +0.280 +1.215 -0.033
107 -48.390 +1.855 -46.590 +1.774 -43.678 +1.622 -5.297 +0.179 +0.647 -0.018
108 -40.058 +1.595 -38.041 +1.489 -33.608 +1.291 -2.849 +0.074 +3.418 -0.088
Avg. -45.284 +1.641 -42.337 +1.513 -39.942 +1.402 -5.307 +0.156 +1.671 -0.050
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Table 4 Maximum bitrate required to access any view of each light field image at different bitrates

Scenes R, R, R; R, R
101 0.0021 0.0027 0.0076 0.0327 0.1425
102 0.0022 0.0025 0.0085 0.0284 0.1526
103 0.0016 0.0022 0.0072 0.0236 0.1395
104 0.0021 0.0024 0.0081 0.0364 0.1483
105 0.0021 0.0036 0.0102 0.0311 0.1454
106 0.0020 0.0029 0.0077 0.0319 0.1512
107 0.0020 0.0026 0.0098 0.0377 0.1467
108 0.0021 0.0025 0.0082 0.0345 0.1155

Avg. 0.0020 0.0026 0.0084 0.0328 0.1427

25 FIRTFERRAIFTH RAP L

Table 5 The RAP values of the proposed method in different scenes

Scenes R./% R,/% R,/% R,/ % Rs/%
101 84.30 54.62 38.53 32.71 19.05
102 88.50 50.11 42.50 28.40 20.29
103 73.40 46.80 38.70 27.30 18.60
104 84.70 48.70 40.50 36.40 19.77
105 84.10 72.50 51.25 31.13 19.38
106 80.60 58.18 38.51 31.97 20.16
107 80.22 52.57 49.31 37.70 19.56
108 84.00 5041 41.01 34.58 15.54
Avg. 80.11 52.50 42.22 32.81 19.03
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a Angle-domain quality consistency comparison
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B 10 AAE%RS 83k, (a) RHERI01, FBRAE—ZKATLER 0.00244 bpp, A% %K 0.00270 bpp; (b) £%
B2 101, 7B K% —% A% mEH 0.10042 bpp, A FF /24 %% 0.10180 bpp
Fig. 10 Comparison of angular quality consistency. (a) 101, bitrate with quality consistency enabled; 0.00244 bpp, without quality consistency; 0.00270

bpp; (b) 101, bitrate with quality consistency enabled; 0.10042 bpp, without quality consistency: 0.10180 bpp

BEhn o BVl P i — B S R AR B Ty 22 N 2l
1o YT R, WITMEAS A9 S 005 i L IAT o A B Jot
RASE, RMEAAERTR AR s, AR HAL AU

3.4 HRFHRNIEEST

R BE T R B R A AR R B IR IR, AR
W 5 HT BFS 95528 775 LA S Ref. [19] $2 i B £
P RFERE A B B R T b, 6 7 i T AN B
3R =ik M BOR AR R RS SR . WU,
Jin FIEAE PRI R4 FAAE— ez, FERTH
IS B — A R PBEARRAIE ML 4TI 3 HE 637 BB R S
Rtk BFS Jy il 95 28 4 SRS e R A5 R, (HitH A
FIER . MLZF, I A TE SR A TR
YT Hb DG i o P SO U S, 7 I 2 R A T AR T
(4 ) B R T e B i PR

3.5 WHRIAR IR RIET B E RE
ARHTXEA SRR B R R AR e ) B2 2

I BFS A8 R i AR B 22T T 0 H s . DU
AHIE] R BN (L) 103 A l) e R s R A
i TR, AFGEER, % 8 A THYE 1 (Algorithm 1)
i R AEAR S A B R E 77 65 BFS A 7R B R A%
PR W B (1 S BR 3z A 7 A ) A e A B T4 5 72 1 BFS
T BRI RAF B R B R AR O k17 4
Tt % R 1) SRS A TSR L

AJH Algorithm 1 45 =X 3% % #E 5y BFS J5 % 1)
0.119%~0.3%, it 4& J5 12 1 56 % Gt i B = B[R] (L hy
BFS 1Y 29.08%. iXJ&H T BFS JyikT a4 HARGR T
i i A A EE P TR S, Ttk R
T BT AR ) UG 5B % BERRE A THR O R SR
21 AR BB T LIS R e D B R AR A I R AR
K, RGBT o5 I

3.6 FEESLI
AYIE TR AR O BT 55 TP RS B A2 12 1k
fety, A/N IR T T HCI old™ Budi 4 1 5 B 48

k6 MAXGERG[ES EE
Table 6 Quality variance of the decoded light field images

Ry R, Rs R,
Scenes

Nonuse Use Nonuse Use Nonuse Use Nonuse Use
101 0.308 0.166 0.315 0.188 0.434 0.160 0.434 0.160
102 0.412 0.212 0.388 0.251 0.631 0.151 0.534 0.297
103 0.311 0.114 0.214 0.127 0.314 0.108 0.802 0.244
104 0.295 0.182 0.319 0.106 0.721 0.201 1.122 0.552
105 0.451 0.241 0.596 0.101 0.225 0.053 0.709 0.257
106 0.332 0.123 0.411 0.097 0.224 0.065 0.922 0.351
107 0.360 0.201 0.099 0.058 0.536 0.091 0.812 0.211
108 0.191 0.099 0.223 0.094 0.342 0.108 0.851 0.425
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ESEE, JF AR SRR PR R T R 5
5 BFS. Ref. [19] AJ A1, B3 9 Al 71, Frddrik (Pro.)
7 HCT old™ #dlg 4 I (1 F- BIA5 vE BB % 80.0%,
AHEFIEE R 87.5% L FFE 7.5%. 22 10 4510 T rde
77 AE HCT old 30354 |5 BFS LA K Ref. [19] J5 %4
PEREXTEL, TR AT BFS ¥, B ke dnis
PERE LA E R E =, R FIEEE R IR AR 4
P T A RE R AR i PERE , HA R s B
Lz feneds.

3.7 HRREIG

AR AR 7 3R A = AL B R AT T I Bl S
A5 KNN i R AR 3 3 38 N AR S 330k L i i =
SPIC . LCU i35, 43 LA KNN. FR LA} LCU
IR o Baseline F/n A5 | AATA] iR H 1 X L5
P11 JBIR T AR A L s i HARZE R Horp
I FEPERE MR SR R o 2 U] KNN A, AR ] A 45
S35 G 52 2% B FRAE 38 P S A0 B R AR RS, M T
Baseline 7F PSNR &% PPSNR F¥#H#7F; IA FR 5,

KT HRRAEXLF T
Table 7 Analysis of sparse sampling mode selection
R, R, Rs R, Rs
Scenes
Pro. Jin BFS Pro. Jin BFS Pro. Jin BFS Pro. Jin BFS Pro. Jin BFS
101 M, M, M, M, M, M, M, M, M, M; M; My M; M; M;
102 M, M, M, M, M, M, M, M, M, M, M, M, M, M, M,
103 M, M, M, M, M, M, M, M, M, M, M, M, M, M, M,
104 M, M, M, M, M, M, M, M, M, M, M, My M; M; M;
105 M, M, M, M, M, M, M, M, M; M, M, M, M, M, M,
106 M, M, M, M, M, M, M, M, M, M, M, M, M, M, M,
107 M, M, M, M, M, M, M, M, M, M; M; My M; M; M;
108 M, M, M, M, M, M, M, M, M, M; M; My M; M; M;
* 8 Pr#7r k5 BFS 7k IREATH ] Lagstik/s
Table 8 Comparison of computational time between the proposed method and BFS method/s
Method R, R, R, R, R
BFS 6834.9 7902.6 9998.2 15494.7 19645.4
Algorithm 1 22.7 22.7 22.7 22.7 22.7
Proposed 425.6 526.1 996.8 2953.78 12511.9

%9 P75 k1 HCl old # 4% & )i a9 45
Table 9 The test results of the proposed method on the HCI

%10 FriR7 &4 HCl old 448 %& £ 5 H 4k 77 7% £ PSNR 44
i b 4 7 1 ik 2T G

old dataset Table 10 Comparison of coding performance in terms of PSNR between
Method Accuracy/% the proposed method and other methods on the HCl old dataset
Jin 66.7 Method BD-BR/% BD-PSNR/dB
HCl old BFS 100.0 BFS +1.604 -0.070
Proposed vs
Proposed 80.0 Jin -4.638 +0.131
A1 KRB aRE R
Table 11 Ablation experiments of different modules
Evaluation
Method KNN FR LCU
PSNR/dB PPSNR/dB Vard,
Baseline 36.441 37.994 1.122
No.1 ) 37.640 38.221 1.647
No.2 37.740 38.412 0.138
No.3 \ W v 37.825 39.297 0.151
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Target bitrate and image content-aware wide
field-of-view light field image coding
Zhu Lei, Chen Yeyao, Feng Zheyu, Jin Pangj, Jiang Gangyi’
Faculty ofInformation Sience and Engineering, Ningbo, Zhefiang 315211, China

Abstract

Objective A sparse sampling mode set including key views and non-key views is constructed via the core strategy of sparse coding and
reconstruction, providing fundamental support for the coding of wide-FOV light field images with variable bitrates. The specific
implementation scheme is as follows: Firstly, the multi-dimensional complexity features of light field images are extracted, and an adaptive
selection scheme for sparse sampling modes is designed combined with target bitrate constraints. Leveraging the K-nearest neighbor
(KNN) algorithm, rapid matching of the optimal mode is enabled, allowing identification of the best sparse sampling strategy without
traversing the entire mode set. On this basis, predictive relationships among key views are established, providing a more robust basis for
subsequent coding and compression processes. Secondly, to address uneven view quality caused by traditional bitrate allocation methods, a
frame-level bitrate pre-allocation strategy is designed according to the inter-frame spatial distance between the current encoded frame and
its reference frames within the key view set. Dynamic adjustment of bitrate allocation weights effectively improves the angular quality
consistency of the encoded views. Then, based on the I-frames in the key view set, the saliency detection and depth estimation techniques
are integrated to generate largest coding unit (LCU)-level saliency weights. Utilizing the angular correlation of light field images, these
weights are propagated to all key views along the angular dimension. Furthermore, saliency weights are combined with image regional
complexity to develop a fine-grained LCU-level content-aware bitrate allocation strategy, achieving more accurate bitrate allocation.
Finally, at the client side, key views are decoded according to the transmitted optimal sparse sampling mode, and non-key views are
reconstructed using the decoded key views with a deep learning-based view synthesis network, ultimately completing the reconstruction of
the wide-FOV light field image.

Methods In this paper, the core strategy of sparse coding and reconstruction is adopted to construct a sparse sampling mode set that
includes key views and non-key views, thereby providing fundamental support for the coding of wide-FOV light field images with variable
bitrates. The specific implementation scheme is as follows: Firstly, the multi-dimensional complexity features of light field images are
extracted and an adaptive selection scheme is designed for sparse sampling modes in combination with target bitrate constraints.
Leveraging the K-nearest neighbor (KNN) algorithm, this scheme enables the rapid matching of the optimal mode, which allows the
identification of the best sparse sampling strategy without traversing the entire mode set. On this basis, the predictive relationships among
key views are established, providing a more robust basis for subsequent coding and compression processes. Secondly, aiming to address the
issue of uneven view quality caused by traditional bitrate allocation methods, a frame-level bitrate pre-allocation strategy is designed
according to the inter-frame spatial distance between the current encoded frame and its reference frames within the key view set. By
dynamically adjusting the bitrate allocation weights, this strategy effectively improves the angular quality consistency of the encoded
views. Then, based on the I-frames in the key view set, the saliency detection and depth estimation techniques are integrated to generate
LCU (largest coding unit)-level saliency weights. Utilizing the angular correlation of light field images, these weights are propagated to all
key views along the angular dimension. Furthermore, the saliency weights are combined with the regional complexity of images to develop
a fine-grained LCU-level content-aware bitrate allocation strategy, achieving more accurate bitrate allocation. Finally, at the client side, the
key views are decoded according to the transmitted optimal sparse sampling mode, and the non-key views are reconstructed using the
decoded key views with a deep learning-based view synthesis network, thus ultimately completing the reconstruction of the wide-FOV
light field image.

Results and Discussions The proposed adaptive sparse sampling mode selection scheme, leveraging multi-dimensional feature fusion
and deep learning prediction mechanisms, significantly reduces the computational complexity of mode selection and avoids exorbitant
computational costs incurred by the traditional brute force search method. It rapidly matches diverse target bitrates and image content
features to select the optimal or sub-optimal sparse coding mode. The designed two-level bitrate allocation strategy, combining frame-level
pre-allocation and LCU-level perceptual allocation, effectively mitigates uneven angular view quality while maintaining compatibility with
existing video coding standards, further enhancing the angular quality consistency of wide-FOV light field images. Experimental results
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show that, compared with existing representative methods, the method achieves an average bitrate saving of 45.284% and a peak signal-to-
noise ratio (PSNR) improvement of 1.641 dB, with the maximum random access penalty of light field images limited to only 20.29%.
These results indicate that the method not only improves coding efficiency but also ensures favorable random access performance,
satisfying the demand for rapid view retrieval in practical applications.

Conclusions The proposed wide-FOV light field image coding method based on target bitrate and image content awareness effectively
adapts to the coding requirements of variable bitrates and uncertain image content. It achieves satisfactory results in reducing sampling
mode selection complexity and improving network transmission adaptability. Meanwhile, it fulfills multiple objectives including bitrate
saving, image quality enhancement, angular quality consistency improvement, and random access capability optimization, demonstrating
superior overall coding performance and favorable practical application value.

Keywords: wide field-of-view (FOV) light field images; sparse sampling mode; bitrate allocation strategy; angular quality consistency
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