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Fig. 1 Digital refocusing parameterization model of light field image
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(a) Saliency layer (b) Initial salient matrix (c) Uniterated GVSM (d) GVSM after 2 iterations
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Fig. 5 Multi-scale iterative significance detection algorithm
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Fig. 8 Four groups of light field refocusing images and corresponding focusing decision map
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Fig. 9 The total focusing decision map of each refocusing image and the corresponding all-in—focus image are displayed
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Fig. 10 Lovelocks image fusion results comparison
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Table 1 Objective index comparison of LoveLocks image on seven fusion algorithms

SF A Var A Q.Y QA QA MI A EN 4 EIA CE ¥ AGA

RW 9.09 46.31 92.78 0.73 0.775 5.27 7.089 32.02 0.098 29.28

f~-PCNN 9.49 4890  212.27  0.68 0.756 4.38 7.180 34.11 0.011 31.22
IFCNN 9.09 48.47 137.86  0.59 0.602 4.05 7.175 32.75 0.014 29.95
MGFF 8.77 51.02  412.63  0.59 0.705 3.71 7.148 33.11 0.092 30.34
MST 9.54 49.04 11151  0.70 0.762 4.63 7.164 34.05 0.014 31.15

CSR 9.08 48.34 90.76 0.69 0.733 4.87 7.145 32.15 0.010 29.46

M&.P 9.51 50.28 92.73 0.77 0.763 5.65 7.151 33.19 0.008 30.38

Note: Red represents the optimal value, blue represents the suboptimal value, “M&.P” represents the proposed algorithm

B, Al LA Y RW J5 i R CSR J7 3k B Tl 45 8 5oA W10 09 08 52 4 00 1 2 D DR B 26 0 52 3 8 Q. L A9 57 0
TS 75k Rl G 2 R AR X LG R 0 TE U, X 10 2 Rl 2 R 0 PR i A SR OE S (B, ISR 3 TR .
H1 ¢ 3 RTR, AR SCRIAAE 4 2R3 AR b b B A B R B, (e 25 AVIIR Q. HLAR B 5 B i 5 B R 2g X
WX 6 A FE b T S T e U, b s IR A AR S R B R U 2 AR Fk Al = R AR R R
A T T 074 2401 N e B SR AR PR R R P SR B RE ) o AR SCRIELE R T 4 DR AR R 0 AR
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Fig. 11 Edelweiss image fusion results comparison
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Table 2 Objective index comparison of Edelweiss images on seven fusion algorithms

SF A Var A Qu v QA QA MI A ENA EI4 CEV AG A

RW 21.80 71.13 84.85 0.80 0.838 4.89 7.955 77.66 0.088 69.26
f~-PCNN 22.02 70.65 118.67 0.75 0.821 3.37 7.963 79.11 0.070 70.54
IFCNN 22.01 63.36 210.74 0.56 0.693 2.96 7.948 77.96 0.057 69.57
MGFF 20.03 72.81 154.58 0.64 0.757 2.75 7.930 71.89 0.105 64.20
MST 21.95 70.35 96.31 0.72 0.823 3.13 7.918 78.13 0.100 69.71
CSR 21.78 71.99 87.15 0.81 0.817 4.42 7.963 78.12 0.074 69.55
M&.P 22.09 72.69 88.85 0.87 0.839 5.51 7.964 79.10 0.076 70.46

Note: Red represents the optimal value, blue represents the suboptimal value, “M&.P” represents the proposed algorithm

{E, o , MGFF 77 36 SR BAT e i 907 25 (B AR 3 I8 45 A b 9 SR B 22 L IX T B J2: il T MGFF 5 i fir
FEA I Rl R S AR I Ak 2 A D R DTG T BOH T 22 1 R s TS AL SE A A Qo T Quyy 5 B DA B A I
T HLut i THEA S = bn o 8 BN, 2 AR SCRTE A R 22 3R 45 IR 5 LAt 6 Fh D7 V4 A L B AT 195 06 2 7
BEROCRAEF5 | PEIGX U o A5 4 1o

FAG T 7RISR 10 H 2 R ARG I T E A Y AR o BT LA L, MST O MGFF LA K
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Table 3 Average objective index comparison of seven fusion algorithms

SF A Var A Qu ¥ QA QA MIA ENA EIA CE v AG A

RW 10.47 60.34 38.60 0.776 0.765 6.14 7.551 37.23 0.036 8 33.98
f-PCNN 10.61 60.49 81.21 0.724 0.735 5.05 7.552 37.91 0.026 4 34.61
IFCNN 10.38 60.27 72.74 0.594 0.591 4.65 7.545 36.52 0.0218 33.36
MGFF 9.86 62.36 169.86 0.634 0.681 4.34 7.543 35.43 0.062 3 32.39
MST 10.68 60.72 48.59 0.740 0.751 5.20 7.542 37.89 0.0319 34.59
CSR 10.35 60.65 34.42 0.722 0.714 5.53 7.551 36.28 0.0215 33.12
M&.P 10.75 60.79 35.92 0.795 0.761 6.27 7.556 37.93 0.021 4 34.59

Note: Red represents the optimal value, blue represents the suboptimal value, “M&.P” represents the proposed algorithm
x4 THEEEERN TSR E R AR
Table 4 Average time cost of seven fusion algorithms
Algorithm RW f~-PCNN IFCNN MGFF MST CSR M&.P
Time cost 22.51 532.14 11.85 3.93 0.05 228.81 204.18

Note: Red represents the optimal value, blue represents the suboptimal value, “M&.P” represents the proposed algorithm

IFCNN = Ff 7 0 3 5 A7 B AR 04 B ) A, R 7R 2 W48 bk b i SR LA AL : MIST J5 vk B A S IR 9 B[] B A%
AL AT T 25 [ AR AR B B St , MGEF 5 i AAE 7 22 B 3RAR T e (8, IFCNN J7 i 78 10 T % UL 4 b v 3
TV . A SOy vE B ) AR T CSR 7536 F I-PCNN J7 i 458 B K, AR SO L BUS T B4 10 il 5 3%
T AR R T 5K R o3 AT X 4 2R AIE ZR BT Al A DA 5 T ) A A

4 £Hig
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RERG . ARSI 2 R ARk 2 At 0 T 5 A IR EAT o3k A Ry 3 O DX S el B8 22 I A - 1 5
VR R] SR AR T T U I P M R IBCRVE ORI R AR AR AR B e 0 R TR T a3 BT B R AR R
BRE A MR ERREIF S R RERGRA AR, SRESCRRY, 2R 07 kA nty 2R ARG RS
B 1 A0 5 280 DL R T e 1 2 [R) 3 % 5 5 T AR 4 A R T A G BOR B A ) 1 2 SRR EMR Rl A SRR A T
A SCRL AL I e 4 2R WATAN F8 45 vh A RGP 3R B0, S0 e 1 A e o 2 0 o R v ok DO B TR O i A
KIS, BB 1000 158 A ] BAS A SCR s W R AR ) TR O KR 2 R R G . A %5
EWAFTEA R ZAL 745 B R ARG R AL S IR AL B b, (R HI 51 S 08 B0 A7 - 1 Al S, JF R0k
HE— 2B B IEAL L A T B X0 A0 320 B DX IR il B 0 U R AT AIE 5T A0 A Y 4 SR AR R BAT B A R ML e R B
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Light Field All-in—focus Image Fusion Based on MDLatLRR and KPCA

HUANG Zefeng, YANG Shen, DENG Huiping, LI Qingson
(School of Information Science and Engineering, Wuhan University of Science and Technology,
Wuhan 430081, China)

Abstract: The imaging of a light field camera can retain the spatial and angular information of light,
therefore, different from traditional two—dimensional imaging, the light field camera can capture the light
field directly in one shot, but it will sacrifice the spatial resolution and angular resolution of the image, so
the quality of the image obtained is lower than that of the image generated by the native image sensor. This
problem has prevented the application of light field imaging from gaining popularity. The development of
multi-focus image fusion technology and digital refocusing technology provides ideas for improving the
resolution of light field imaging. To improve the spatial resolution of light field imaging, we propose a full-
focus fusion algorithm of light field image based on multi—scale latent low—rank decomposition and kernel
principal component analysis by combining digital refocusing of light field image with multi-focus image
fusion. First, by reprojecting the light field, the light is projected from the original focusing plane to the
refocusing plane to generate a refocusing image with the focusing region, defocus region and blurred
boundary region. After digitally refocusing, the spatial resolution of the light field image located in the
focusing area is greatly improved. To extract the focus area accurately, the multi-level image
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decomposition method based on latent low—rank representation is used to decompose each refocusing image
into a base layer and several saliency layers. Then, a two-region image sharpness extraction algorithm is
used to calculate the image sharpness of the base layer, and a multi-scale saliency extraction algorithm is
used to extract the visual saliency of the saliency layer's gradient domain. Secondly, the feature coefficient
matrices of the base layer and each saliency layer are reshaped and concatenated. The kernel principal
component analysis is used for dimension reduction fusion to obtain the fusion feature coefficient matrix
which retains the feature information of both the base layer and the salient layer. Finally, the initial focusing
decision map was generated by comparing the fusion feature coefficient matrix corresponding to each
refocusing image. The small structure removal is applied to the initial decision map to eliminate the
influence caused by image noise, and guided filtering is used to process the initial focusing decision map to
generate the final focusing decision map, which solves the fusion problem at the fuzzy boundary, so that the
fused image is smoother at the boundary of the focusing decision map and has a better visual effect. In order
to verify the effectiveness of the proposed method, two sets of experiments are carried out: the full-focus
fusion experiment and the multi-focus image fusion experiment. In the full-focus fusion experiment,
several kinds of light field data, including objects located at different depths and flat backgrounds were
selected from the HCI dataset, which can test the full-focus fusion ability of the proposed algorithm for
complex textures and multi-objects. In the multi—focus image fusion experiment, six traditional multi-focus
image fusion methods are selected for comparison with the proposed method, the experimental data are
from the LFSD dataset, and ten objective evaluation indicators are selected for comparison. The
experimental results show that the algorithm has better performance in visual effect and edge information
richness compared with traditional methods. Subjectively, the full-focus images fused by the proposed
method have higher spatial resolution and detailed texture compared with the original light field imaging.
The resulting full-focus image is more in line with the visual perception of human eyes, objectively.
Compared with the other six multi-focus image fusion methods, the multi-focus image generated by the
proposed algorithm has the characteristics of high definition, excellent visual effect and high image contrast.
Key words: Light field; All-in—focus image fusion; Digital refocusing; MDLatlLRR; Kernal principal
component analysis
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