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Figure 1: Starting from a coarse depth map, is it possible to achieve laser scanner quality? By combining the information from the Kinect
depth frame in (a) with the information in three polarized photographs (b), we reconstruct the 3D surface shown on the right, shown in (c),
plotted without texture. The subtle change between the polarization images provides information about surface orientation. In this project we
enhance the potential of 3D capture by combining both depth and polarization cues. With only 3 additional photographs, polarization cues
can allow coarse depth sensors like Kinect to achieve laser scan quality. For comparison, refer to Figure 2b for a laser scan of this object.

Abstract

Coarse depth maps can be enhanced by using the shape informa-
tion from polarization cues. We propose a fusion of polarization
and depth, a synergistic technique to exploit the high lateral reso-
lution and compensate for the low depth resolution of traditional
sensors. Although the fusion of depth and photometric normals is
not new, existing frameworks cannot handle the unique challenge of
fusing normals from polarization. Specific challenges we address
include azimuthal ambiguity, refractive distortion, fronto-parallel
surfaces, and depth discontinuities. In this project we validate our
algorithmic framework for depth enhancement through a low-cost
prototype that compares favorably with other depth sensors.

1 Overview
Today, professional photographers use polarizing filters to enhance
the quality of 2D photography. These enhanced photos can look
stunning. But what about exploiting the polarization effect for 3D
photography? In this work, we use polarization cues to enhance 3D
depth maps, obtained from a variety of sources. The shape of an
object causes small changes in the polarization of reflected light,
best visualized by rotating a polarizing filter in front of a digital
camera. Shape estimation using these polarization cues is known to
the vision community, but has not been very popular due to some
technical challenges. To learn more about the challenges with po-
larization, see the supplementary paper, or the foundational work
of [Saito et al. 1999; Nguyen 2003; Atkinson and Hancock 2006].
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Figure 2: We compare the polarization-enhanced Kinect depth map
with depth from a multistripe laser scanner.

In this work, we use a coarse depth map as a constraint to comple-
ment the shape from polarization problem.
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