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ABSTRACT
In this paper, we propose a method to extract light field us-
ing a conventional camera from a single image capture. The
method involves an offline calibration process, where point
spread functions, relating different perspective images cap-
tured with a narrow aperture to a central image captured with
a wide aperture, are estimated for different depths. During ap-
plication, light field perspective images are recovered by de-
convolving the input image with the set of point spread func-
tions that were estimated in the offline calibration process.

Index Terms— light field imaging, depth estimation from
a single image

1. INTRODUCTION

With a light field (also known as plenoptic) imaging de-
vice, the intensities of the light rays in different directions
are recorded separately at each pixel position. The addi-
tion of the angular information enables new post-capture
capabilities, such as digital refocusing, aperture size control,
perspective shift, and depth estimation [1, 2].

Light field acquisition can be done in a variety of ways
including micro-lens arrays (MLAs) [3, 2, 4], coded masks
[5], [6], camera arrays [7, 8], and camera attached to a gantry
[9]. Among these different implementations, MLA based
light field cameras offer a cost-effective approach, leading to
commercial light field cameras [10, 11]. The main drawback
of the MLA based light field cameras is low spatial resolu-
tion since a single sensor is shared to record both angular
and spatial information. To overcome the spatio-temporal
resolution trade-off, several methods have been developed,
including improved interpolation of light field data [12],
super-resolution reconstruction [13], convolutional neural
network based super-resolution reconstruction [14], and hy-
brid cameras [15, 16, 17].

Coded mask based light field cameras offer an alterna-
tive to MLA based light field cameras. There are various
design approaches, including multiple-capture [18, 5, 6, 19],
multiple-mask [20] and single-capture [21] methods. While
the multiple-capture methods are limited to applications with
static scenes, single-capture methods may suffer from low
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light efficiency. Since a single sensor is used to obtain both
angular and spatial information, these cameras may also have
the low spatial resolution problem, as in the case of MLA
based cameras.

Camera arrays and gantry based designs do not have a
spatial resolution issue, but they are bulky and have less mo-
bility. The angular resolution in camera arrays is limited by
how close the cameras can be placed. Gantry based systems
do not have such an angular resolution limitation, however,
they are not suitable for dynamic scenes.

In this paper, we present a light field acquisition method
using a regular camera from a single capture. The method
involves an offline calibration process, during which point
spread functions (PSFs), relating images captured with a nar-
row aperture from different perspectives to a central image
captured with a wide aperture, are estimated for different
depths. The set of PSFs for different perspectives and depths
is saved for the light field extraction process. To extract the
light field for a scene, the aperture of the camera is set wide
as in the case of the central image in the offline process, and
a single image is taken. Using the PSFs obtained during the
offline calibration process, individual perspective images are
going to be recovered. Since there is no depth information
about the scene, the depth of each pixel should be estimated
as well. For a specific perspective, the input image is decon-
volved with the corresponding PSF perspective and for each
PSF depth. The correct PSF scale (i.e., depth) for a pixel is
determined based on an energy function that returns small
value when the correct scale is used. The selective fusion
of the deconvolved image regions based on the depth labels
forms the perspective image. The process is repeated for all
perspectives to recover the entire light field.

The proposed method overcomes the spatio-angular trade-
off and enables high-resolution light field capture from a sin-
gle capture. In our experiments, we obtained light fields with
11 x 11 angular resolution and 1024 x 1280 spatial resolu-
tion, which is the resolution of the sensor in the camera that
we used. We compared our results with light field captured
by a first-generation Lytro camera, and demonstrated the res-
olution improvement. In addition to the resolution issue of
the MLA based light field cameras, the proposed method also
overcomes the poor light efficiency issue of the coded mask
based light field cameras. On the downside, the proposed
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method involves deconvolution, which may introduce arti-
facts.

2. OFFLINE PSF ESTIMATION FOR DIFFERENT
PERSPECTIVES AND DEPTHS

The offline calibration process is illustrated in Figure 1. A
planar object is placed at a distance dj from the camera. The
aperture of the camera is closed to a narrow opening and the
camera is moved to a perspective position pi. The image cor-
responding to that specific perspective and depth is then cap-
tured. We denote this image as Ii,j(x, y), where the subscripts
(i, j) indicates the perspective position and the object depth,
and (x, y) indicates a pixel coordinate. In addition to the nar-
row aperture perspective images, an image with a wide aper-
ture, denoted as Bj(x, y), is also taken for the same depth.
The process is repeated for all depths and perspectives. The
perspective positions are chosen on a regular grid within the
wide aperture opening.

The wide aperture image Bj(x, y) can be modeled as the
superposition of narrow aperture images taken from different
perspectives within the aperture. Neglecting the occluded re-
gions, the image Bj(x, y) can be written as the convolution
of the narrow aperture image Ii,j(x, y) with a PSF ki,j(x, y):
Bj(x, y) = ki,j(x, y) ∗ Ii,j(x, y), which would result in a set
of linear equation when written for all (x, y). We can write
these equations as Bj = Ii,jki,j , where Bj and ki,j are the
vectorized forms of the wide aperture image and the PSF, and
Ii,j matrix is constructed from Ii,j(x, y). We solve this sys-
tem using the least squares estimation technique to obtain the
PSF for a specific perspective and depth. The PSF estimation
process is repeated for all depths and perspectives.

Our prototype system is shown in Figure 2; it includes two
motorized translation stages (Thorlabs NRT150) and a regu-
lar camera with a 1024 x 1280 CMOS sensor and a 35mm
lens. During the calibration, the planar target object is moved
within a depth range of 2 meters from the camera with steps
of 10cm. For each depth, the camera is moved with a step
size of 0.1mm as shown in the figure to capture the perspec-
tive images; in addition, the camera is moved to the central
position to capture the wide aperture image.

3. DECONVOLUTION BASED LIGHT FIELD
EXTRACTION

Light field extraction from a single wide aperture image cap-
ture consists of several steps. First, for each perspective, a
pixel-wise depth (PSF scale) map is obtained. The depth map
is then utilized to fuse multiple deconvolved images to con-
struct a perspective image. The process is repeated for all
perspectives.

Our PSF scale identification algorithm is adopted from
[22], which exploits the reconstruction error when there is
scale and blur mismatch. When an image of a natural scene

Fig. 1: Illustration of the offline calibration process. For each
depth, narrow aperture images from different perspective lo-
cations and a single wide aperture image are taken. The pro-
cess is repeated for different depths.

Fig. 2: Setup for the offline calibration process. (Left) Mo-
torized translation stages and the camera. (Right Top) Nar-
row aperture opening for perspective images. The camera is
moved as illustrated on lens for different perspective images.
(Right Bottom) Wide aperture opening for the central image.
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Fig. 3: Single perspective image recovery process from an
image.

with multiple depths is deconvolved with the PSF of a par-
ticular scale, the corresponding depth regions in the image
become sharp while severe ringing artifacts appear in the rest
of the image because these areas cannot be explained by that
scale of the PSF. These ringings are dense and have gradi-
ents with magnitude significantly larger than that of natural
sparsely distributed data; the difference can be used as a cue
for kernel scale identification [22, 23]. We used the criterion
in [22] to determine the correct PSF scale for each pixel of
the input image.

The resulting scale (depth) map Mi(x, y) may have some
misclassified labels or gaps in the depth map. This may be due
to occluded areas or regions without sufficient texture. While
inpainting techniques can be used for view synthesis [24, 25],
we preferred a simple approach in this work. We applied a
mode filter, that is, a sliding window over the depth map to
compute the mode of a local neighborhood and re-assign the
center pixel to the mode label.

The recovery of a perspective image using the depth map
is illustrated in Figure 3. First, the input image B(x, y) is de-
convolved for every color channel using [22] with the PSFs,
known through the previous PSF scale identification step. The
deconvolved image Li,j(x, y) has one of the depths recov-
ered while ringing artifacts appear on regions other than the
recovered depth. The depth map Mi(x, y) is used to generate
a set of binary masks corresponding to the PSF labels; and
these masks applied on corresponding deconvolved images to
construct a single perspective image Li(x, y). The process is
repeated for all perspectives.

4. EXPERIMENTAL RESULTS

The proposed method is tested on real data and compared with
a first generation Lytro camera. In Figure 4, we show a sub-
set of the PSFs obtained in the offline calibration process. In
Figure 5, we present an input image B(x, y), images decon-
volved with the PSFs corresponding to the middle perspective

and three different depths, the label map and the final per-
spective image. From the deconvolved images, it is seen that
when the PSF scale does not match the region, ringing arti-
facts occur. The final image is constructed from the first two
deconvolved images given in the figure.

Fig. 4: The set of PSFs shown for 5 x 5 perspectives and three
different depths.

Fig. 5: Recovery of a perspective image. (Row 1) Input im-
age. (Row 2-4) Deconvolved images with different PSFs. The
first two deconvolved images have matching depths, which
can be identified from the zoomed-in regions; the last de-
convolved image does not have any matching depth. (Row
5) Recovered perspective image and the label map indicating
the regions taken from the first two deconvolved images. The
PSFs used in the deconvolution are given in Figure 4.
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Fig. 6: Comparison of light field perspective image recovered
by the proposed method and captured by a Lytro camera. In-
put image is the wide aperture image used by the proposed
method.

Fig. 7: Epipolar plane images of the 11 x 11 reconstructed
light field. (Top) Horizontal EPI. (Bottom) Vertical EPI.

In Figure 6, we compare a perspective image obtained
with our method and a perspective image produced by a Lytro
camera. The proposed method produces a sharper perspective
image than the Lytro camera does. In Figure 7, we present
horizontal and vertical epipolar plane images (EPIs) of the
light field generated using the proposed method.

In Figure 8, we perform light field refocusing, achieved
using the shift and sum technique, on an 11 x 11 light field
generated using the proposed method and a light field cap-
tured by a Lytro camera. It is seen that the proposed method
produces higher resolution results.

5. CONCLUSIONS

In this paper, we propose a method to recover light field from
a single capture with a regular camera. The method is based
on deconvolving a wide aperture image with a set of PSFs cal-
culated in an offline calibration process. It has good light effi-
ciency and can achieve spatial resolution as much as the cam-
era sensor has since it does not have any spatio-angular trade-
off unlike the MLA based light field cameras. The method
can be used to convert any regular camera with a controllable
aperture into a light field camera.

Fig. 8: Comparison of post-capture refocusing. (Row 1) Lytro
close focus. (Row 2) Lytro far focus. (Row 3) Proposed
method close focus. (Row 4) Proposed method far focus.
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