LIGHTFIELD COMPLETION

By

Liron Yatziv
Guillermo Sapiro
and
Marc Levoy

IMA Preprint Series# 1957
(February 2004 )

INSTITUTE FOR MATHEMATICS AND ITS APPLICATIONS

UNIVERSITY OF MINNESOTA

514 Vincent Hall
206 Church Street S.E.
Minneapolis, Minnesota 55455-0436

Phone: 612/624-6066 Fax: 612/626-7370
URL: http://www.ima.umn.edu



@

(b)

(© (d)

Figure 3: Sample images from a 3D light field (i.e,. u axis is
1 image wide) of a vertical 37 images set, where a red cut
piece of paper is in front of the object. Each image was
taken when the camera had a different vertical position. The
Stegosaurus (the occluded object) head is closer to the cam-
era than the rest of the body. (a) The raw light field. Both
the screen and the Stegosaurus shift between images. (b)
Images registered only by translation and the occluder pa-
per removed. (c) Median image. Seems like a good estima-
tion but contains faults due to the changes in angle (e.g.,
middle plate, nostrils). (¢) Sample result image. Most faults
were fixed. The minor faults could have been avoided with a
more accurate re-projection.

1,024,000 pixels, out of which 260,538 are occluded (before
extending). When dealing with such large amounts of data and a
large amount of pixels to fill, the computational time becomes a
major issue. A straight forward implementation of the texture
synthesis algorithm results in an unbearable computational cost
(days of computation). Unfortunately, the need to deal with par-
tial neighborhoods restricts us from using techniques devel oped
in part to reduce this computational cost, such as image quilting
[4] and tree-structured vector quantization [5].

We addressed this problem partialy by taking advantage of
the unique properties of a registered light field, where corre-
sponding pixels would remain locally in the (s,t) plane. There-
fore, instead of an exhaustive search over the whole light field,
we limited the search in the (s,t) plane to be local, and do search
the complete u and v directions. If no satisfactory match is
found, the search continues to the rest of the light field. This
approach reduces the computational cost by 2-3 order of magni-
tudes, from days to hours.

4. CONCLUDING REMARKS

In this paper we have introduced a method for completing alight
field. The method addresses cases where the occluded regions
are large, and successfully completes the light field.

In cases where the gaps in the light field are smaler than
those here considered, other known space-time video completion
methods can be used effectively. Often, using the immediate
boundaries of the gaps is sufficient. For this, the inpainting tech-

nique proposed in [6], which is restricted to 2D, can be general-
ized to higher dimensions in the following way:
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Here, N(Dl)m is the projection of the gradient of the Lapla-
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cian to the plane perpendicular to the gradient. The idea is to
sglect the perpendicular to the gradient that is the projection of
N(DI) and change its direction to where the image is less

sharp. We plan to combine this high dimensional inpainting with
the texture synthesis approach here described, following [12], to
further improve the results. We also want to investigate replac-
ing the initial guess given by the median filter and the binary
masks per image with matting techniques from computer graph-
ics[13]. We dso plan to extend the work here presented to mov-
ing objects. Results on thiswill be reported el sewhere.
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