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Depth Estimation from Multiple Cues Based Light-Field Cameras
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Abstract In the field of computer vision, traditional methods of depth estimation are usually based
on two-dimensional images captured by single or multiple cameras. The depth maps obtained by
those methods are usually inaccurate, since the imaging process ignores the directional informa-
tion of light. Consumer-level and high-end light-field cameras are now widely available. Light-
field cameras, such as Raytrix and Lytro, can record not only the intensity but also the direction
of light rays at one exposure. Therefore, a light field provides more geometric constraints and
cues to depth estimation based on images. In recent years, depth from combining multiple cues,
based on light-field cameras, has become a new direction for the problem of depth estimation. Com-
pared with the methods of depth from a single cue, the current depth estimation methods based

on multi-cue fusion achieve more accurate depth maps. However, most previous methods do not
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explicitly model occlusions, and cannot capture sharp transitions around object boundaries. On
the other hand, conventional methods fail when handling noisy scene. In this paper, a robust
multi-cue depth estimation method for occlusion and noise is proposed based on light-field imaging
geometry. First of all, inspired by the research of human vision about multiple cues, we select
both focus and correspondence depth cues for fusion computation, where the focus cue is insensitive
to noise, and the correspondence cue is more accurate. Secondly, according to the imaging model
of lenslet light-field camera, we clarify the local symmetry in focal stack profile and the relationship
between the depths and the slope of the lines in EPI, and further show that there are consistencies
between the two profiles respectively generated by the focal stack images and the center sub-aperture
image at the neighborhood of real disparity under occlusion. Thirdly, based on those geometric
characteristics, some metrics considering the effects of noise and occlusion are constructed.
According to the local symmetry of the focal stack profile, the mirror symmetry metric is established.
And the consistency metric is constructed by considering the properties of two kinds of focal stack
profile under occlusion. Then the matching metric of disparity cue is designed by using the
proportional relationship between the depth value and the slope of line in EPI image. The last but
not the least, depth estimation is modeled as a multi-label optimization. We describe the energy
function as two parts: the smooth term and the data term consisting of the above metrics. Then
we use graph cut to obtain disparity map by minimizing the energy function. In the experiment,
Ablation study is executed on the model parameters. We firstly utilize one metric among the
symmetry, consistency and correspondence metrics. Then we combine two or all metrics in
energy function. Ablation analysis results show that it is the best to consider a variety of metrics
synthetically. Additional, we test the depth estimation methods in this paper and the related
literatures on the synthesis light-field dataset and real light-field dataset, respectively. The
experimental results show that our method can accurately estimate depth, effectively deal with
noise and details at occlusion boundary.

Keywords light field; depth estimation; multiple cues fusion; lenslet; symmetry; epipolar plane
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Background

Image-based depth estimation is a common problem in
the computer vision community, and it is also the basis of 3D
reconstruction, visual navigation and so on. Since normal 2D
cameras only record the intensity of light at a certain position
on the image sensor, the previous methods usually estimated
depth based on a single cue. The resulting depth map was
not accurate enough. Fortunately, light-field cameras have
recently become available to the consumer market. Unlike
traditional photography, light field photography system can

record four-dimensional position and direction. Therefore,

from light fields analyzing 4D local structure. Journal of
Display Technology, 2014, 11(11): 900-907

[25] Lv H, Gu K, Zhang Y. Dai Q. Light field depth estimation
exploiting linear structure in EPI//Proceedings of the 2015
IEEE International Conference on Multimedia & Expo
Workshops (ICMEW). Turin, Italy, 2015: 1-6

[26] Johannsen O, Sulc A, Goldluecke B. What sparse light field
coding reveals about scene structure//Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition
(CVPR). Las Vegas, USA, 2016 3262-3270

[27] Tao M W. Srinivasan P P, Malik J. et al. Depth from
shading, defocus, and correspondence using light-field
angular coherence//Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition (CVPR). Boston,
USA, 2015. 1940-1948

[28] Boykov Y, Veksler O, Zabih R. Fast approximate energy
minimization via graph cuts. IEEE Transactions on Pattern
Analysis & Machine Intelligence, 2002, 23(11): 1222-1239

[29] Honauer K, Johannsen O, Kondermann D, et al. A dataset
and evaluation methodology for depth estimation on 4D light
fields//Proceedings of the Asian Conference on Computer
Vision. Taipei, China, 2016: 19-34

[30] Lumsdaine A, Chunev G, Georgiev T. Plenoptic rendering
with interactive performance using GPUs. Proceedings of
SPIE-The International Society for Optical Engineering,
2012, 8295(2): 32

XU Meng-Xi, master, associate professor. Her research
interests include computer vision and digital image processing.

WANG Xin, Ph. D., associate professor. Her research
interests include image processing and pattern recognition.

WANG Hui-Bin, Ph. D. , professor, Ph. D. supervisor.
His research interests include electronic imaging, image

processing, information acquisition and intelligent system.

much more image information can be obtained from light field
photography. Thus, depth cues (such as focus, defocus,
correspondence and so on) are available simultaneously in a
single capture.

Tao proposed a method of depth estimation which com-
bine both defocus and correspondence depth cues based on
light-field cameras. The accuracy of Tao”s method was higher
than that of the previous single-cue methods. Subsequently,
many methods based on muti-cues fusion have been proposed

for the problem of depth estimation using light-field cameras.
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Those current depth estimation methods based on multi-cues
fusion achieve more accurate depth maps, but they can not
take into account the robustness of noise and occlusion. In
this paper, we present a novel accurate and robust method
that computes depth estimation by combining both focus and
correspondence depth cues. Experimental results show that
our method can accurately estimate depth, effectively deal
with noise from the vignetting effect of lensets and details at
occlusion boundary.
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written by Shen Jie, Han Lei, et al. has been published on
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