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Abstract Given a single outdoor image, we present a
method for estimating the likely illumination conditions of
the scene. In particular, we compute the probability distribu-
tion over the sun position and visibility. The method relies
on a combination of weak cues that can be extracted from
different portions of the image: the sky, the vertical surfaces,
the ground, and the convex objects in the image. While no
single cue can reliably estimate illumination by itself, each
one can reinforce the others to yield a more robust estimate.
This is combined with a data-driven prior computed over a
dataset of 6 million photos. We present quantitative results
on a webcam dataset with annotated sun positions, as well as
quantitative and qualitative results on consumer-grade pho-
tographs downloaded from Internet. Based on the estimated
illumination, we show how to realistically insert synthetic
3-D objects into the scene, and how to transfer appearance
across images while keeping the illumination consistent.

Keywords Illumination estimation · Data-driven methods ·
Shadow detection · Scene understanding · Image synthesis

1 Introduction

The appearance of a scene is determined to a great extent by
the prevailing illumination conditions. Is it sunny or over-
cast, morning or noon, clear or hazy? Claude Monet, a fas-
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tidious student of light, observed: “A landscape does not ex-
ist in its own right. . . but the surrounding atmosphere brings
it to life. . . For me, it is only the surrounding atmosphere
which gives subjects their true value.” Within the Grand Vi-
sion Problem, illumination is one of the key variables that
must be untangled in order to get from pixels to image un-
derstanding.

But while a lot of work has been done on modeling and
using illumination in a laboratory setting, relatively little is
known about it “in the wild”, i.e. in a typical outdoor scene.
In fact, most vision applications treat illumination more as
a nuisance—something that one strives to be invariant to—
rather than a source of signal. Examples include illumination
adaptation in tracking and surveillance (e.g. Stauffer 1999),
or contrast normalization schemes in popular object detec-
tors (e.g. Dalal and Triggs 2005). Alas, the search for the
ultimate illumination invariant might be in vain (Chen et al.
2000). Instead, we believe there is much to be gained by em-
bracing illumination, even in the challenging, uncontrolled
world of consumer photographs.

In this paper, we propose a method for estimating nat-
ural illumination (sun position and visibility) from a sin-
gle outdoor image. To be sure, this is an extremely difficult
task, even for humans (Cavanagh 2005). In fact, the prob-
lem is severely underconstrained in the general case—while
some images might have enough information for a reason-
ably precise estimate, others will be completely uninforma-
tive. Therefore, we will take a probabilistic approach, esti-
mating illumination parameters using as much information
as may be available in a given image and producing the max-
imum likelihood solution (see Fig. 1).

So what information about illumination is available in
a single image? Unfortunately, there is no simple answer.
When we humans perform this task, we look at different
parts of the image for clues. The appearance of the sky can
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