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Abstract: Light field imaging recodes not only the intensity information of the rays, but also its direction information,
and has the ability to estimate the depth of the scene. However, the accuracy of the depth estimation is easily in-
fluenced by light field occlusion. This paper proposes a method of weighted side window angular coherence to deal
with different types of occlusions. Firstly, the angular patch is divided into four side window subsets, and the cohe-
rence of the pixels in these subsets is measured to construct four cost volumes to solve different types of occlusion.
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Secondly, the weighted fusion strategy is proposed to fuse the four cost volumes to further enhance the robustness

of the algorithm and retain the anti-occlusion of the algorithm. Finally, the fused cost volume is optimized by the

guided filter to further improve the accuracy of depth estimation. Experimental results show that the proposed me-

thod is superior to the existing methods in the quantitative index and can achieve high-precision measurement in the

absolute depth measurement experiment.

Keywords: side window angular coherence; weighted fusion; light field imaging; depth estimation
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Fig. 1 Light field parametrization. (u,v) represent the angular coordinates, and (s,t) represent the spatial coordinate
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Fig. 2 The angular image under occlusion and non-occlusion cases.
(a) The angular image under the non-occlusion case; (b) The angular image under occlusion case
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Fig. 3 A side window anti-occlusion method. (a) The definition of the side window; (b) Four side windows, i.e., the northeast,

northwest, southwest, and southeast side windows; (c) The side window divides the angular image under the non-occlusion case;
(d) The side window divides the angular image under the occlusion case
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Fig. 4 Visualized results of weighted fusion cost volume. (a) The ground truth; (b) The initial depth map obtained by Eq. (4);

(c) The depth map obtained by fused cost volume using the average;
(d) The depth map obtained by fused cost volume using weight
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Fig. 5 Comparison of results between the proposed method and other methods.
The names of these scenes are “Backgammon”, “Boxes”, “Cotton”, “Sideboard”, and “Stripes”.
The numbers in brackets below the scene maps are the quantitative results of the scene map
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Table 1 Comparison of results in BadPix(0.07) under WTA and weighted strategy

Method Backgammon Boxes Cotton Sideboard Pyramids Stripes
WTA 4.24 19.48 4.63 19.71 2.40 26.43
Proposed 4.13 16.97 2.72 12.73 1.81 5.43

£ 2 A2 WTA Rk 5 e i ik o Fouk 4L B R AR 8 48 A2 MSE 4847 L9t ik
Table 2 Comparison of results in MSE under WTA and weighted strategy

Method Backgammon Boxes Cotton Sideboard Pyramids Stripes
WTA 4.70 7.34 0.99 1.20 0.07 2.53
Proposed 4.92 7.76 1.93 1.00 0.05 1.80
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Fig. 6 Performance comparison of fusion cost volume among different common strategies
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Fig. 7 The experimental image of the absolute depth measure. (a) Light field image capture; (b) The center image of the light field
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Fig. 8 The plane dimension of the standard part. (a) Top view of standard part; (b) Side view of standard part
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Fig. 9 The disparity map and depth map. (a) The disparity map; (b) The depth map
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Table 3 The results of absolute depth measurement by the proposed method

Plane Ground truth/mm Proposed/mm
O—® 50 58
0B 50 47
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Anti-occlusion light field depth estimation based on side window angular coherence

Overview: Compared with traditional imaging techniques, the light field imaging technique can recode the intensity
information and direction information of rays at the same time, which is favored by both scientific research and com-
mercial fields. Meanwhile, the equipment of recoding light field has also been greatly developed, such as programmable
aperture light field, camera array, the gantry system, and micro-lens-array based light field cameras. Due to the charac-
teristics of light field imaging, it is also applied to many fields, such as refocus, 3D reconstruction, super-resolution, ob-
ject detection, light field edit, and depth estimation. Among them, depth estimation is a key step in the application of
light field to high-dimensional vision, such as 3D reconstruction. However, the accuracy of depth estimation is easily
influenced by the light field occlusion.

In this paper, we proposed a method of weighted side window angular coherence to solve different types of occlusion
problems. Firstly, the angular patch image is divided into four different patterns of side window subsets and the pixels in
these subsets are measured respectively to construct four cost volumes. The side window subset which only contains the
pixels from the occluded point will exhibit the photo consistency when the depth label represents the true depth label.
Then, the true depth can be obtained by the cost volume corresponding to the subsets only containing the occluded pix-
els, which can deal with the occlusion problem well. Secondly, we proposed a weighted strategy to fuse four cost vo-
lumes into one cost volume. According to the characteristics of four side window subsets, the cost volume correspond-
ing to four side window subsets is given by different weighted values, which can enhance the robustness of the proposed
algorithm and retain its ability to resist different types of occlusions. Finally, the fused cost volume is optimized by the
guided filter to further improve the quality of the depth map. Experimental results in both synthetics and real scenes
show the proposed method can handle the occlusion problem well and outperform the existing methods, especially near
occlusion boundaries. In synthetic scenes, the proposed method is nearly as good as the other methods in the quantita-
tive index of some scenes, which further proves the effectiveness of our method. In the real scene captured by our light
field camera, combined with the calibration parameters of the light field camera, our method can accurately measure the
surface size of the standard part, which proves the robustness of our method.

Ma S, Wang N, Zhu L C, et al. Light field depth estimation using weighted side window angular coherence[J].
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