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Abstract—In this paper, we propose to extend the state-of-theart BM3D image denoising filter to light fields, and we denote
our method LFBM5D. We take full advantage of the 4D nature of
light fields by creating disparity compensated 4D patches which
are then stacked together with similar 4D patches along a 5th
dimension. We then filter these 5D patches in the 5D transform
domain, obtained by cascading a 2D spatial transform, a 2D angular transform, and a 1D transform applied along the similarities.
Furthermore, we propose to use the shape-adaptive DCT as the
2D angular transform to be robust to occlusions. Results show
a significant improvement in synthetic noise removal compared
to state-of-the-art methods, for both light fields captured with a
lenslet camera or a gantry. Experiments on Lytro Illum camera
noise removal also demonstrate a clear improvement of the light
field quality.
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Fig. 1. Examples of light field representations: matrix of sub-aperture images
(SAI) (left); and Epipolar Plane Images (EPI) (right) shown below and on the
right of the center SAI.

I. I NTRODUCTION
Light fields aim to capture all light rays passing through a
given amount of the 3D space [1]. Compared to traditional
2D imaging systems which capture the spatial intensity of
light rays, a 4D light field also contains the angular direction
of the rays. We adopt in this paper the common two-plane
parametrization, and a light field can be formally represented
as a 4D function Ω × Π → R, (x, y, s, t) → L(x, y, s, t)
in which the plane Ω represents the spatial distribution of
light rays, indexed by (x, y), while Π corresponds to their
angular distribution, indexed by (s, t). Perhaps the easiest
way to visualize a light field is to consider it as a matrix
of views (see Fig. 1), also called sub-aperture images (SAI).
Each SAI represents a 2D slice of the light field over the
spatial dimensions (x, y). Another common representation of
light fields are Epipolar Plane Images (EPI), which are 2D
slices of the 4D light field obtained by fixing one spatial and
one angular dimension (sx- or yt-planes, see Fig. 1).
Applications of light field include refocusing of an image
after capture [2], rendering of virtual points of view [1],
[3], or depth estimation [4]. Many camera architectures have
been proposed to capture light fields, including gantry [5],
camera arrays [6], or more recently hand-held lenslet cameras
[2], [7]. However, light field captured with the latter cameras
exhibit visible noise artifacts. Thus light field noise removal
has become an important task for aesthetic purposes or as a
pre-processing step. Formally, we define the noisy light field
as follows:

Lnoisy = L + η

(1)

where L is the source light field that we want to reconstruct,
Lnoisy is the observed data, and η corresponds to Additive
White Gaussian Noise (AWGN) with variance σ 2 .
Several methods have been proposed in the past years to
address light field denoising [8]–[12], which benefit from the
very active research conducted on single image denoising
[13]–[19]. However, the best performing methods of the stateof-the-art [12] are obtained by processing 2D slices of the light
field (SAI or EPI) stacked into a 3rd dimension, and do not
fully exploit the 4D structure of light fields.
In this paper, we propose to extend the BM3D filter [16],
which exploits natural local redundancies existing in natural
images, by taking into account the 2D redundancies occurring
over the angular dimensions of the light field. We first propose
to create 4D disparity compensated patches, which contain
highly redundant 2D patches, and stack them together with
similar 4D patches over a 5th dimension. The 5D patches
obtained in this fashion are then processed in the 5D transform domain, where the underlying true signal is sparsely
represented. The 5D transform is a combination of a 2D
spatial transform, a 2D angular transform, and a 1D transform
applied on the 5th dimension corresponding to similarities. In
order to be robust to occlusions and maintain the sparsity
of the 5D spectrum, we propose to use the shape-adaptive
DCT (SADCT) as the 2D angular transform. Furthermore, our
method does not make assumption on the angular sampling

