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Abstract Light field rendering belongs to image-
based rendering methods that do not use 3D models
but only images of the scene as the input to render
new views. Light field approximation, represented
as a set of images, suffers from so-called refocusing
artifacts due to different depth values of the pixels
in the scene. Without the information about the
depth in the scene, a proper focusing of the light
field scene is limited to a single focusing distance.
The correct focusing method is addressed in this work
and a real-time solution for focusing of light field
scenes, based on statistical analysis of the pixel values
contributing to final image, is proposed. Compared
to existing techniques, this method does not need a
precomputed or acquired depth information. Memory
requirements and streaming bandwidth are reduced
and real-time rendering is possible even when using
a high resolution light field data, yielding visually
satisfactory results.
proposed method implemented on GPU is presented in
this paper.

Experimental evaluation of the

Keywords image-based rendering; light field;
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1 Introduction

3D scene can be represented using a set of objects
described by their material attributes, geometry,
and applied transformations. Such a geometric
representation of the scene can be rendered using
various methods, such as rasterization, ray-tracing, etc.
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Complexity of the scene, however, considerably affects
the time necessary for the rendering process. Image-
based rendering is an alternative way of producing
new views of the scene where, instead of geometric
representation, visual information about the scene is
used. This representation usually consists of a set
of images of the scene taken from different positions
and angles. Performance of the image-based rendering
methods does not depend on the scene’s content.
Field of light in a scene can be ideally described with
a function representing lightning information for each
point in the space and each direction relative to this
point. The scene then can be visually reconstructed
using arbitrary camera position and orientation. For
usage in computer science, such a continuous function
would be impossible to represent; therefore, a discrete
structure that consists of images of the scene is usually
used as a so-called 4D light field approximation as
illustrated in Figure 1. The input images sample the
scene from expected viewing angles, which provides as
much of visual information about the scene as possible.
The higher number of such images is available, the
better quality of the final render can be achieved.
Storing more images, however, increases the space
The goal of light field
rendering methods is to use only a sparse set of image
samples while achieving the best visual quality of the
rendered result. In practice, light field can be viewed
as an extension of classic photography which allows the
user to focus on different parts of the scene or even

requirements in memory.

change the camera position in post-processing.

Lack of information about the 3D geometry of the
scene leads to the problems connected with a novel
view image reconstruction. This work is focused on the
elimination of so-called out-of-focus areas in light field
without additional information about the depth or 3D
models of the scene. When using the approximation of
light field by a set of images, the pixel values that are
combined together in the final render have to be taken
from the same spot in the scene. This kind of spatial
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Fig. 1 Light field

Scene captured by a grid of cameras.
approximation consisting of the images from this grid can be
used to reconstruct a novel view from any camera position
outside the bounding volume of the scene.
are highlighted in the figure with rays coming through a pixel
with the same coordinates on the viewing plane, each providing
lightning information from a different part of the scene.

Three cameras

information for each pixel has to be estimated and used
to achieve the correct focusing for the final image as
shown in Figure 2. The proposed method is based on
statistical analysis of the pixel values that are at the end
combined, using shift-sum algorithm [2], into one pixel
color in the resulting image. The method iterates over a
range of focusing distances and stores the best distance
for each pixel in a focus map. The best distance is
chosen according to the minimal variance of the pixels,
contributing to the interpolation process. A weighted
shift-sum algorithm is used for the interpolation of the
final image and for the pixel analysis. A novel view is
synthesized using the generated focus map. With this
method, visually acceptable all focused light field scenes
can be rendered from the input set of images without
further knowledge about the original scene.

2 Related work

The flow of light in a space can be described by a
7D plenoptic function L = P(x;y;z; ;7;t; ) [1]. In
terms of geometric optics, this function returns the light
intensity (L) of an incoming ray to a point in 3D space
(X;y;z) from a given direction ( ;7).
change in time (t) and vary for each wavelength ( ). For
practical usage, this function can be approximated by a

This value can

4D representation which is commonly referred as light
field [24]. Let us assume that a scene is located between
two parallel planes with a virtual camera outside. Rays
coming from its center of projection intersect those
two planes, producing one intersection point per plane.
The intersection coordinates with camera plane (st)
are then used to decide which images from the input
are being used for the final pixel interpolation and the
coordinates from image plane (uv) are used to get the
correct pixels from the given images. Input images are
typically captured in a regular grid that is mapped on
the camera plane in a way that the location of the image
in the grid corresponds to the location on the camera
plane. The chosen image, according to the intersection
coordinates, is then mapped on the image plane. The
position of the image plane affects focusing distance of
the light field. Objects in the scene that are located
at the focusing distance are in focus while the rest of
the scene is blurred. To achieve a sharp image with
all parts of the scene being in focus, intersection points
on image plane need to be corrected, using depth of
the scene. A simplified geometry of the scene can
be used [14] as a scene surface approximation that
would replace the planar image plane. Depth maps
can also be used for the ray intersection correction
and to enhance photographic effects such as depth
of field [18]. The generalized concept of the two
planes parametrization can be extended to support
various light field shapes using two spheres, point
and direction etc. [27]. Instead of plane intersection
calculations, a shift-sum algorithm might be used for
the interpolation [2], using a simple shifting of the
input images and a summation of the corresponding
pixels. Authors also proposed possible depth-aided user
definitions of the focusing plane. Shift-sum algorithm
is used as a part of the proposed method in this
paper, not only for refocusing but also for the camera
position change, using input image weights. The
mutual orientation between the intersection point on
the geometric proxy and the arbitrarily positioned
input cameras can be used directly without regular
grids to determine which pixels contribute to the result
most [6]. An alternative approach to the two planes
parametrization is a view dependent texture mapping
on a simplified scene geometry where each polygon is
associated with a part of the texture acquired from the
light field. This texture might change according to
the viewing angle of the virtual camera [11]. Finally
a simple way to generate synthetic views from two
neighbouring light field images is to use the optical flow
aided interpolation [5].
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Fig. 2 Left: Comparison of fully focused light field image as a result of the proposed method with light field focused on single
distance. Right: From the input set of images taken by camera grid, a new synthetic view of the scene is generated having every
location in the scene focused as if captured by a pinhole camera. The proposed method performs real-time per-pixel focusing which
solves the task of light field focusing without having 3D models of the scene available. Focusing distance values for each pixel are
estimated and stored in a focus map which resembles disparity or depth map of the scene. This map is used to achieve a correct

focusing of each pixel.

Because most of the rendering methods rely on the
depth information, depth maps have to be estimated
from the input images if they are not already available
(using depth sensors on the capturing spot or obtaining
them from synthetic scenes). A semi-global matching
method was developed for a dense disparity estimation
from rectified stereo images by searching for most
similar pixel blocks between the images in predefined
directions and search range [17]. The lowest cost
(error) disparity is chosen in the end. In this
way, disparity maps can be obtained from the light
field images and filtered, resulting in a depth map
approximation [3]. Optical flow based depth estimation
methods using feature matching in images also exist
but they are generally very slow [37]. An optimized
approach was proposed where four corner light field
images are used to obtain disparity maps which are
then aggregated using an energy minimization and
warped into the resulting views [20]. Graph Cuts
method for the energy minimization for multi-camera
scene reconstruction was proposed earlier as well [22].
Spatio-aware edge-aware filter can be used to estimate
dense depth maps from first sparse phase which is
faster than the whole dense optical flow calculation
[9]. For datasets acquired by plenoptic cameras a
depth-from-light-field technique exploiting symmetry
property of the focal stack was proposed [26]. Another
technique suitable for the plenoptic camera datasets
uses spatial variance after angular integration of the
epipolar image for defocus depth cues and angular

variance for correspondence depth cues estimation [39].
Small radius matching windows can be used when
having a lot of images in the light field datasets.
Flat uniform regions which are not suitable for such
approach can be analyzed in a lower resolution, leading
to multi-resolution matching approaches [28]. The
multi-resolution depth estimation can also be used
when working with wide-baseline sparse datasets. The
whole capturing and rendering pipeline using such
approach with a point cloud projection based final
image synthesis has already been proposed [32]. Using
more cameras than the 4 4 proposed grid to achieve
better rendering results in this pipeline might, however,
negatively affect the performance. The extremely
narrow baseline in lenslet light field camera datasets
causes problems when estimating depth or disparity
from such data. This problem can be solved by
exploiting phase-shift theorem in the Fourier domain
to estimate sub-pixel shifts [19]. The performance of
depth or disparity estimation methods is in most cases
not sufficient for real-time usage along with rendering.
Optimized methods for light field data are also usually
working well with the plenoptic camera data but not
with the large baseline datasets. The proposed method
uses only the necessary information from a subset of
light field images and generates only one necessary map
for the novel view, reducing memory access operations.

Light field images can also be analysed in spectral
domain by using image transformations, analyzing

frequencies present in the images. One of the



