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Light field image super-resolution network based
on angular difference enhancement

Lv Tiangi, Wu Yingchun*, Zhao Xianling

School of Electronic and Information Engineering, Taiyuan University of Science and Technology, Taiyuan, Shanxi
030024, China

Abstract: Based on the advanced imaging technology, light field camera can obtain the spatial information and the
angular information of the scene synchronously. It achieves higher dimensional scene representation by sacrificing
the spatial resolution. In order to improve the spatial resolution of the light field image, a light field super-resolution
reconstruction network based on angle difference enhancement is built in this paper. In the proposed network, eight
multi-branch residual blocks are used to extract shallow features. Then, four enhanced angular deformable
alignment modules are used to extract deep features. Finally six simplified residual feature distillation modules and
pixel shuffle modules are used to complete data reconstruction. The proposed network takes advantage of the
angle difference of the light field to complete the spatial information super-resolution. In order to obtain more
features difference between different views, the own feature of the single view is emphasized during the feature
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extraction. The performance of the proposed network is verified on five public light field data sets. The proposed

algorithm obtains high-resolution light field sub-aperture images with higher PSNR and SSIM.

Keywords: light field camera; super-resolution reconstruction; residual; deformable convolution; residual feature
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Fig. 1 4D light field acquisition and rearrangement. (a) Biplanar representation model of light field;
(b) Subaperture image array; (c) Macropixel array
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Table 1 Five public light field datasets used in our experiment
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Table 2 PSNR/SSIM values achieved by different shallow feature extraction modules for 4x SR
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Table 3 PSNR/SSIM values achieved by different deep feature extraction modules for 4* SR

LAY EPFL™ HCInew" HClold"? INRIA" STFgantry"”
ADAFE 28.77/0.9172 31.26/0.9198 37.41/0.9723 30.80/0.9507 31.17/0.9497
B3 HEADARL R 28.78/0.9166 31.21/0.9186 37.31/0.9717 30.85/0.9502 31.03/0.9474
EADATH 28.81/0.9190 31.30/0.9206 37.39/0.9725 30.81/0.9513 31.29/0.9511
A4 AT REFAEGRAAES 0 5 BAL 4 4548 5 PSNR/SSIM {4

Table 4 PSNR/SSIM values achieved by different feature fusion modules for 4 SR
Xl EPFL"™ HClnew!™ HClold" INRIA"™ STFgantry"”
RFDAH 29.01/0.9183 31.32/0.9198 37.39/0.9718 31.08/0.9509 31.14/0.9499
SRFD#R 28.81/0.9190 31.30/0.9206 37.39/0.9725 30.81/0.9513 31.29/0.9511
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Groundtruth EDSR RCAN ResLF

B 7 “Origami” %3 2 &R 069450 3Rt b
Fig. 7 Visual contrast of the "Origami" scene with 2" SR
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LF-InterNet LF-DFnet

B 8 “Herbs” % 2 43424 th AL BRI
Fig. 8 Visual contrast of the "Herbs" scene with 2" SR
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Fig. 9 Visual contrast of the "Bee" scene with 4 SR
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Fig. 10 Visual contrast of the "Lego Knights" scene with 4* SR
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A5 FRHiEx kg E% 2 2425 PSNR/SSIM {4
Table 5 PSNR/SSIM values achieved by different methods for 2* SR
A iRes EPFL™ HClnew'" HClold"” INRIA"™ STFgantry" Average
EDSR” 33.09/0.9631 34.83/0.9594 41.01/0.9875 34.97/0.9765 36.29/0.9819 36.04/0.9728
RCAN®! 33.16/0.9635 34.98/0.9602 41.05/0.9875 35.01/0.9769 36.33/0.9825 36.11/0.9741
ResLF" 32.75/0.9672 36.07/0.9715 42.61/0.9922 34.57/0.9784 36.89/0.9873 36.58/0.9793
LFSSR” 33.69/0.9748 36.86/0.9753 43.75/0.9939 35.27/0.9834 38.07/0.9902 37.53/0.9835
LF-InterNet" 34.14/0.9761 37.28/0.9769 44.45/0.9945 35.80/0.9846 38.72/0.9916 38.08/0.9847
LF-DFnet” 34.44/0.9766 37.44/0.9786 44.23/0.9943 36.36/0.9841 39.61/0.9935 38.42/0.9854
AT 34.58/0.9772 37.92/0.9796 44.84/0.9948 36.59/0.9854 40.11/0.9939 38.81/0.9862
£ 6 TRk E% 412425 PSNR/SSIM {4
Table 6 PSNR/SSIM values achieved by different methods for 4* SR
L iR EPFL™ HClnew!” HClold™ INRIA"™ STFgantry"” Average
EDSR"” 27.84/0.8858 29.60/0.8874 35.18/0.9538 29.66/0.9259 28.70/0.9075 30.20/0.9121
RCAN®" 27.88/0.8863 29.63/0.8880 35.20/0.9540 29.76/0.9273 28.90/0.9110 30.27/0.9133
ResLF" 27.46/0.8899 29.92/0.9011 36.12/0.9651 29.64/0.9339 28.99/0.9214 30.43/0.9223
LFSSR” 28.27/0.9080 30.72/0.9124 36.70/0.9690 30.31/0.9446 30.15/0.9385 31.23/0.9345
LF-InterNet” 28.67/0.9143 30.98/0.9165 37.11/0.9715 30.64/0.9486 30.53/0.9426 31.59/0.9387
LF-DFnet” 28.77/0.9165 31.23/0.9196 37.32/0.9718 30.83/0.9503 31.15/0.9494 31.86/0.9415
ARSI 28.81/0.9190 31.30/0.9206 37.39/0.9725 30.81/0.9513 31.29/0.9511 31.92/0.9429
AT TR FEk (2168014 158 5) A Btk
Table 7 Comparisons of the number of parameters and FLOPs by different methods for 2* SR and 4* SR
Method Parameters/M FLOPs/G
EDSR™ 38.62/38.89 39.56x25/40.66x25
RCAN®" 15.31/15.36 15.59%25/15.65%25
ResLF" 6.35/6.79 37.06/39.70
LFSSR" 0.81/1.61 25.70/128.44
LF-InterNet” 4.80/5.23 47.46/50.10
LF-DFnet” 3.94/3.99 57.22/57.31
AT 12.74/12.80 238.92/240.51

H, AXFEW SR BRE S S REULT
EDSR. RCAN# 7%, {H#E T ResLF, LFSSR, LF-
InterNet, LF-DFnet .75, S5PEREILERAY LF-InterNet
LF-DFnet A AL, A SO B S 80 SRR AN
BERBRABEM T 3 4%, fEAEEHE 2 E e
T, R TR E B

A

4 & B

ASCEEH T — LT R 22 A e S
s DISREC LR G S ) R . ek
ERHMER BG4, R T £4r %5822 (multi-branch

residual, MBR) HR$2HL 4D Y374 i A 254015 B, 5
TERZ RS IBGER 43, it 1 oAk iy £ 2 n] A2 T X
#E (enhanced angular deformable alignment, EADA) £
P AL AL SRR ROFE 8, (A0 1 18] £ B2 1Y
RS RNE A=), ARG MK A B AR S Rl T g
M EES . B EER S, R T 451
Sy T B AR 25 AR 2848 (simplified residual feature
distillation, SRFD) #8R , HARRAIE R & ik 25 B
RIZF AT AT A5G . IR SIS 1A SO 42
W28 AR A R . S H G PR E A
BAHEL, A SRS PRI S gL T, 0
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Light field image super-resolution network
based on angular difference enhancement

Lv Tianqi, Wu Yingchun*, Zhao Xianling
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Structure of light-field image super resolution network

Overview: Based on advanced imaging technology, light field cameras can obtain the spatial information and the
angular information of the scene synchronously. It achieves higher dimensional scene representation by sacrificing
spatial resolution. To improve the spatial resolution of the light field image, a light field super-resolution reconstruction
network based on angle difference enhancement is built in this paper. In the proposed network, eight multi-branch
residual blocks are used to extract shallow features. Then, four enhanced angular deformable alignment modules are
used to extract deep features. Finally, six simplified residual feature distillation modules and pixel shuffle modules are
used to complete data reconstruction. The proposed network takes advantage of the angle difference of the light field to
complete the spatial information super-resolution. To obtain more features difference between different views, the own
feature of the single view is emphasized during the feature extraction. The design ideas of different modules are as
follows.

a) Shallow feature extraction based on multi-branch residual (MBR) block. The convolution blocks of 1x1 are used to
complete the channel map first, then eight multi-branch residual blocks are used to extract shallow features. By using the
skip connection and atrous convolution in the multi-branch residual blocks, the network degradation is suppressed,
more hierarchical information is extracted and the receptive field of the feature is expanded.

b) Deep feature extraction based on enhanced angular deformable alignment (EADA) block. To take full advantage of
the angle information correlation of multi-view images in the 4D light field, the ADA block is replaced by the EADA
block to complete the feature collection and feature distribution. Compared with the ADA block, EADA adds a branch
in front of the two DCB blocks in the feature collection. Two atrous convolutions are added in branch 1, and one
ordinary convolution and one atrous convolution are added in branch 2. In the feature distribution, one ordinary
convolution and two atrous convolutions are added before DCB blocks. By using the EADA block, the own feature of
each side-view is fully extracted, and the more accurate disparity is obtained. So the super-resolution performance of the
network can be improved.

¢) Data reconstruction based on the simplified residual feature distillation (SRFD) block. The RFD block is adopted in
the proposed light field super-resolution network to complete the data reconstruction. To reduce the parameters of the
network, the RFD block is simplified to obtain SRFD the block by omitting the contrast-aware channel attention (CCA)
layer. A convolution and Relu activation are added at the front of the SRFD block, so the input feature is refined; In the
shallow residual block, the activation function is swapped with convolution. In this way, the feature of the current layer
is fed directly into the next distillation block without activation, which makes the shallow information and the deep
information get a more direct combination.

The experiments are carried out from the aspects of validity verification of each network module, comparison of
subjective visual effects, comparison of quantitative evaluation results, and algorithm complexity. The performance of
the proposed network is verified on five public light field data sets. The proposed algorithm obtains high-resolution light
field sub-aperture images with higher PSNR and SSIM.

LvT Q, WuY C, Zhao X L. Light field image super-resolution network based on angular difference enhancement[J]. Opto-
Electron Eng, 2023, 50(2): 220185; DOI: 10.12086/0ee.2023.220185
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