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Abstract

We address the multi-view shape from shading problem,
that is the recovery of 3-D shape, lighting configuration
and surface albedo from multiple calibrated views. Pre-
vious approaches to this problem relied on physically im-
possible illumination models (negative light) and only work
on constant albedo and resulted in biased estimates of
shape and lighting positions. Furthermore, since the so-
lution involves infinite-dimensional optimization, existing
approaches were quite slow. We develop a new model that
explicitly enforces positivity in the light sources with the
assumption that the object is Lambertian and its albedo is
piecewise constant and show that the new model signif-
icantly improves the accuracy and robustness relative to
existing approaches. Furthermore, we show that the most
computationally expensive step in the optimization can ac-
tually be solved in closed form. This significantly improves
speed of convergence over existing schemes. We illustrate
the behavior of our algorithm directly on the same data used
by previous authors, so direct comparison is possible.

1 Introduction

We propose a method to estimate the shape, albedo and il-
lumination direction from a collection of multiple views of
a Lambertian scene. This problem has been named multi-
view shape from shading, although it also relates to stereo
reconstruction. It is usually assumed that the views are cal-
ibrated, that is the mutual position and orientation of the
cameras is known. This problem has been introduced by
Jin et al. [1], who have shown that the optimal inference
at its root is ill-posed. Following classical techniques of
the shape from shading (SFS) literature [2], they have pro-
posed an auxiliary vector field, that can be interpreted as a
relaxation of the model constraints, and they have demon-
strated their approach on a collection of real and synthetic
images. Unfortunately, the illumination model of [1] is not

physically plausible, in that it contains light sources with
negative radiance. Consequently, the recovered illumina-
tion has no relation to the actual illumination in the scene.
We build on their work and go beyond it in a number of
ways. First, we formulate the multi-view shading prob-
lem in a way that guarantees that the recovered illumina-
tion is physically plausible, i.e. has positive radiance. This
model is more complex than [1] because it enforces inequal-
ity constraints. Second, we show that one of the steps of
the optimization, indeed the most computationally intensive
one where the (infinite-dimensional) auxiliary vector field
is estimated using a gradient flow, can actually be solved
in closed form. This results in significant improvements
in speed and robustness. Third, we assume that albedo is
piecewise constant, whereas [1] could only handle constant
albedo. We illustrate our results on the same dataset of [1],
available through the Web, and show radical improvements
both in the estimation of shape, radiance, and the position of
the light, all with significantly reduced computational com-
plexity. Also our work differs from [3], which works on
region segmentation of piecewise constant albedo, in that
our image formation model accounts for the light sources
and their variation explicitly.

While one may argue that our work is an improvement
over existing work, the improvement is significant: on accu-
racy, robustness and speed at the same time, all while guar-
anteeing physical plausibility of the model. While exist-
ing approaches could not be easily integrated with other re-
construction modalities, for instance multi-view stereo, be-
cause of the presence of the auxiliary vector field and the
non-physical nature of the light, that impinges on the es-
timate of reflectance, our model has the potential of being
integrated with multi-view stereo, at least for Lambertian
scenes, since the auxiliary vector field can be solved for in
closed-form and therefore can be factored out of the recon-
struction process. To the best of our knowledge, we are
the first to propose the analysis of recovering shape, illu-
mination and albedo under the piecewise constant albedo
assumption.
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