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Scalable coding of light field images for enhanced random access

GUO Kai-hong, JIANG Gang-yi, CHEN Ye-yao, YU Mei
(Faculty of Information Science and Engineering, Ningbo University , Ningbo 315211, China)

Abstract: Light field imaging technology provides users with a higher quality immersive visual experience. However,
since it captures a vast amount of spatial and angular information, effective encoding methods are required to compress
the massive data volume in light field images. In addition to focusing on compression efficiency , other important factors
such as random access and viewport scalability need to be considered in light field image coding methods. Given these
requirements,a novel light field image scalable coding method for light-field images is proposed, which simultaneously
takes into account the coding efficiency as well as the performance of random access and scalability. Firstly, the optical
field image sub-aperture array is sparsely sampled and the fifth viewport layer is discarded at the coding end. Then,
based on the view hierarchical strategy, different multiple reference frame prediction relationships are conducted for
encoding the viewpoints in the first four viewport layers. At the decoding end, viewpoint synthesis network is employed
to synthesize viewpoints in the fifth layer, achieving compression and viewport scalability for light field images. The ex-
perimental results demonstrate that compared to the JPEG Pleno Anchor proposed in the JPEG Pleno general testing
standard ,the BDBR in the real scene is reduced by 16. 166 % ,the BDBR in the synthetic scenes is reduced by
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6.796 % ,and provides a more effective random-access performance, with a relative random-access penalty of the real

scene at a bit rate of 0. 75 bpp 18.91 % on average and the relative random-access penalty for synthetic scenes is

17.00 % on average. The proposed method achieves a better balance between coding efficiency and random-access

performance.

Keywords : light field image encoding;random-access ;scalable coding;view synthesis
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Fig. 1 Overall framework of enhanced random accessoriented light field imagescalable coding
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Proposed vs. LSM Proposed vs. MuLE Proposed vs. Anchor
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BDBR/% BDPSNR/dB BDBR/ % BDPSNR/dB BDBR/% BDPSNR/dB

Bikes -12.508 +0.331 -16.943 +0.443 -13.660 +0.369
Danger de Mort -25.214 +0.815 -12.297 +0.343 -25.942 +0. 844
Stone Pillars Outside -7.940 +0.243 +15.313 -0.317 -8.103 +0.243
Fountain &Vincent 2 -15.697 +0.405 -26.518 +1.032 -16.959 +0.427
Average -15.340 +0.450 -10.111 +0.375 -16.166 +0.471
Bicycle -1.974 +0.034 -43.939 +1.844 -1.69%4 +0.018
Greek -9.104 +0.275 -72.234 +3.839 -8.250 +0.251
Kitchen -12.797 +0.450 -46.954 +2.147 -11.635 +0.404
Table -4.055 +0.137 —-46.642 +2.015 -5.603 +0. 180
Average -6.983 +0.224 -52.442 +2.461 -6.796 +0.213
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Tab. 2 Maximum bit rate required for accessing

any view in each scene at different bit rates

Scene R, R, R, R,
Bikes 0.0025 0.0098 0.0279 0.1428
Danger 0.0030 0.0103 0.0344 0.1543
Stone 0.0030 0.0099 0.0279 0.1354
Vincent 0.0030 0.0107 0.0326 0.1373
Avg 0.0029 0.0102 0.0307 0.1425
Bicycle 0.0026 0.0093 0.0291 0.1376
Greek 0.0021 0.0068 0.0245 0.1169
Kitchen 0.0024 0.0082 0.0296 0.1329
Table 0.0026 0.0088 0.0246 0.1254
Avg 0.0024 0.0083 0.0270 0.1282
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Tab. 3 Quality consistency ( variance )at different bitrates

Scene R, R, R; R,

Bike 0.022 0.049 0. 160 2.984
Danger 0.022 0.048 0.069 0.466
Stone 0.016 0.041 0.105 0.477
Vincent 0.037 0.075 0. 160 3.882
Bicycle 0.027 0.063 0.080 6.450
Greek 0.027 0.016 0.065 7.000
Kitchen 0.041 0.042 0.079 7.012
Table 0.042 0.213 0.771 9.042

4 &£ it

ARSCHR T — o o i 3 i B AL V5 ) 1956 3 &
GRS Tk o D T R 5 S AN TR 1S A 7
e 2R, B4 0 X 't b BB B0 =2 ) i F000 245 4
fH DAL, LA 2 A% 23 55 BE AL DT 1] 4 BE =22 6]



e 5 4 Ab No.l 2025

SREFIGAE T 13 SR BEAIL T ) R e A5 AT Aok 4 2 119

OV 5 o HT AL O 2 i A HEVC 4% 28 2517
i, IF Bl A 82 % 0B R 3 T — 5 1 G 5
PERE ; MRS 4 i AE T DU 2, A R 42 5 & i
T A R o S fie Ry 400 P81 1) Jo oo P S 3 B BB, 6 4%
TN I Ty 1 4 N AR LS Y s R L stk
TR SE g . SLIn s KR, fE gt M fe L, T4t
JiETE B S SRS B s B AR TR B s
FL T ()73 BDBR /b 1 16. 166 % , & 183
5t NP4 BDBR J/D T 6. 796 % ; 7EREL VI M PERE
J7 T AR ST 7 AT F LSM LA & Anchor 175 %]
TR T AR TS T 0K AT 7843 )
FH f b Gk A AL LA AT &5 A1) F A i 45
12 [N A B S A5 B, AT ifE— 25 3R T 6 B 4
PR RE AR T 6

S 30k

[1] Wang T,Sheng H,Chen R,et al. Light field depth estima-
tion: a comprehensive survey from principles to future
[J]. High-Confidence Computing,2024,4(1) :100187.

[2] Attal B,Huang J B, Zollhsfer M, et al. Learning neural
light fields with ray-space embedding[ C]//Proceedings
of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition. 2022 :19819 —19829.

[3] Jayaweera S S,Edussooriya C U S, Wijenayake C, et al.
Multi-volumetric refocusing of light fields[ J ]. IEEE Sig-
nal Processing Letters,2020,28 .31 - 35.

[4] Carvalho M B D,Pereira M P, Alves G, et al. A 4D DCT-
based lenslet light field codec[ C]//2018 25th IEEE In-
ternational Conference on Image Processing(ICIP) ,2018 .
435 —439.

[5] Perra C,Astola P,Da Silva E A B, et al. Performance a-
nalysis of JPEG pleno light field coding [ C ]//Applica-
tions of Digital Image Processing XLII. SPIE, 2019,
11137.402 -413.

[6] Conceicdo R,Porto M, Zatt B, et al. LF-CAE; context-a-
daptive encoding for lenslet light fields using HEVC
[ C]//2018 25th IEEE International Conference on Image
Processing(ICIP) ,2018:3174 - 3178.

[7] LiL,Li Z,Li B,et al. Quadtree-based coding framework
for high-density camera array-based light field image[ J].
IEEE Transactions on Circuits and Systems for Video

Technology,2019,30(8) :2694 —2708.

(8]

[11]

[12]

[17]

[18]

[19]

Cetinkaya E, Amirpour H, Timmerer C. LFC-SASR: light
field coding using spatial and angular super-resolution
[ C]//2022 IEEE International Conference on Multimedia
and Expo Workshops (ICMEW ). IEEE 2022 :1 - 6.
Huang X, An P,Chen Y et al. Low bitrate light field com-
pression with geometry and content consistency[ J |. IEEE
Transactions on Multimedia,2020,24 .152 - 165.

Gomes P,da Silva Cruz L A. Pseudo-sequence light field
image scalable encoding with improved random access
[ C]//2019 8th European Workshop on Visual Informa-
tion Processing( EUVIP). IEEE,2019.16 —21.

Monteiro R J S,Rodrigues N M M, Faria S M M, et al.
Light field image coding with flexible viewpoint scalability
and random access|[ J]. Signal Processing:Image Commu-
nication,2021,94 :116202.

Lu L, Wu R, Lin H,et al. Video frame interpolation with
transformer| C ]//Proceedings of the IEEE/CVF Confer-
ence on Computer Vision and Pattern Recognition. 2022 ;
3532 —3542.

Rerabek M, Yuan L, Authier I A et al[ iso/iec jtc 1/sc 29/
wegl contribution | epfl light-field image dataset [ J]. Physics
Engineering,2015 :60862229.

Honauer K, Johannsen O,Kondermann D, et al. A dataset
and evaluation methodology for depth estimation on 4D
light fields[ C]//Computer Vision-ACCV 2016:13th Asi-
an Conference on Computer Vision, Taipei, Taiwan, No-
vember 20 — 24,2016, Revised Selected Papers, Part 111
13. Springer International Publishing,2017.19 —34.

BT I T U R. Parameter values for the hdtv standards for
production and international programme exchange [ M ].
International Telecommunication Union, Recommenda-
tion, May,2002.

Barman N, Martini M G, Reznik Y. Revisiting bjontegaard
delta bitrate ( BD-BR') computation for codec compression
efficiency comparison[ C]//Proceedings of the 1st Mile-
High Video Conference,2022.113 —114.

Dai F,Zhang J,Ma Y, et al. Lenselet image compression
scheme based on subaperture images streaming [ C]//
2015 IEEE International Conference on Image Processing
(ICIP) ,IEEE 2015 ;4733 — 4737.

Alves G D O,De Carvalho M B, Pagliari C L, et al. The
JPEG pleno light field coding standard 4D-transform
mode; how to design an efficient 4D-native codec[]].
IEEE Access,2020,8:170807 —170829.

Pereira F,Pagliari C,da Silva E A B, et al. JPEG pleno
light field coding common test conditions v3.3[J]. Doc.
ISO/IEC JTC,2021,1.



