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Abstract We tackle the problem of detecting occluded re-
gions in a video stream. Under assumptions of Lambertian
reflection and static illumination, the task can be posed as a
variational optimization problem, and its solution approxi-
mated using convex minimization. We describe efficient nu-
merical schemes that reach the global optimum of the re-
laxed cost functional, for any number of independently mov-
ing objects, and any number of occlusion layers. We test the
proposed algorithm on benchmark datasets, expanded to en-
able evaluation of occlusion detection performance, in addi-
tion to optical flow.
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1 Introduction

Occlusion phenomena are a critical component of the im-
age formation process, shaping the statistics of natural im-
ages. Occlusion detection plays an important role in prim-
ing visual recognition of detached objects (Ayvaci and
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Soatto 2011), in navigation and interaction with natural en-
vironments, and more in general in the visual information-
gathering process: The complexity of the image in the “dis-
covered (disoccluded) region” is related to the Actionable
Information Increment in visual exploration (Soatto 2011).

Occlusions arise when a portion of the scene is visible in
one image, but not another. In Da Vinci Steropsis, portions
of the scene that are visible from the left eye are not vis-
ible from the right eye, and vice-versa. In a video-stream,
occlusions typically occur at depth discontinuities. We are
interested in determining the occluded regions, that is the
subset of an image domain that back-projects onto portions
of the scene that are not co-visible from a temporally ad-
jacent image.1 The occluded region is, in general, multiply
connected, and can be quite complex, as the example of a
barren tree illustrates.

Portions of the scene that are co-visible can be mapped
onto one another by a domain deformation (Sundaramoorthi
et al. 2009), called optical flow. It is, in general, different
from the motion field, that is the projection onto the image
plane of the spatial velocity of the scene (Verri and Poggio
1989), unless three conditions are satisfied: (a) Lambertian
reflection, (b) constant illumination, and (c) constant visi-
bility properties of the scene. Most surfaces with benign re-
flectance properties (diffuse/specular) can be approximated
as Lambertian almost everywhere under sparse illuminants
(e.g., the sun). In any case, widespread violation of Lam-
bertian reflection does not enable correspondence, so most
optical flow methods embrace (a), either implicitly or ex-
plicitly. Similarly, constant illumination (b) is a reasonable

1This process could be generalized to global co-visibility, resulting in
a model of the world with topologically distinct “layers” (Wang and
Adelson 1994). This is beyond the scope of this paper and has already
been addressed in a variational setting (Jackson et al. 2005, 2008).
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