Inferring illumination direction estimated from disparate
sources in paintings: An investigation into Jan Vermeer’s
Girl with a pearl earring

Micah K. Johnson,® David G. Stork,? Soma Biswas¢ and Yasuo Furuichi?

Department of Computer Science, Dartmouth College, Hanover NH 03755
bRicoh Innovations, 2882 Sand Hill Road Suite 115, Menlo Park CA 94025
and Department of Statistics, Stanford University, Stanford CA 94305
“Department of Electrical Engineering, University of Maryland, College Park MD 20742
dKanagawa, Japan

ABSTRACT

The problem in computer vision of inferring the illumination direction is well studied for digital photographs of
natural scenes and recently has become important in the study of realist art as well. We extend previous work
on this topic in several ways, testing our methods on Jan Vermeer’s Girl with a pearl earring (c. 1665-1666).
We use both model-independent methods (cast-shadow analysis, occluding-contour analysis) and model-based
methods (physical models of the pearl, of the girl’s eyes, of her face). Some of these methods provide an estimate
of the illuminant position in the three dimensions of the picture space, others in just the two dimensions of the
picture plane. Our key contributions are a Bayesian evidence integration scheme for such disparate sources of
information and an empirical demonstration of the agreement, or at least consistency, among such estimates in a
realist painting. Our methods may be useful to humanist art scholars addressing a number of technical problems
in the history of art.

Keywords: illumination estimation in art, Jan Vermeer, Girl with a pearl earring, computer graphics, Bayesian
inference, occluding-contour algorithm, shape from shading, ocular highlights, computer vision and art

1. INTRODUCTION

The problem of estimating the direction of illumination or the location of the illuminants in a digital image or
video sequence is well studied in computer vision and pattern recognition.! Some of the most advanced methods
are used as intermediate steps in three-dimensional shape-from-shading algorithms.? Related methods are used
when removing shadows from digital images of natural scenes.? Recently, the problem of estimating illumination
direction arose in a publication by Hockney. In brief, the question arose as to the location of illumination source(s)
in the Lorrainese master Georges de la Tour’s Christ in the carpenter’s studio, specifically whether it was indeed
at the position of the candle depicted in the tableau or instead “in place of the other figure.” [4, page 129] To
this end, Stork performed a simple cast-shadow analysis of this painting and others in de la Tour’s nocturne
ceuvre.® Shortly thereafter, Stork and Johnson applied the model-free occluding-contour algorithm of Nillius and
Eklundh to this painting® as well as to de la Tour’s Magdalen with the smoking flame.”8 Most recently, Stork
and Furuichi built an elaborate computer graphics model of the tableau in Christ in the carpenter’s studio and
adjusted the locations and brightness of the virtual illuminant until the rendered scene matched the painting
most closely; in this way they estimated the location of the illuminant in this painting.® Each of these studies
showed that the illuminant in that painting was indeed quite close to the depicted candle, thereby rebutting
Hockney’s claim about artistic praxis starting in the early Renaissance, at least for that painting.

When any algorithm for determining the illumination direction is applied to a given image there will be errors
and uncertainties in the estimates—even when applied to a high-quality digital photograph—and the question
arises how to integrate these estimates in a principled way. Such errors and uncertainties are likely to be much
larger in a hand-executed realist painting, of course. Discrepancies between the directions inferred from different
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