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Abstract

We describe a novel method to reduce the effect of specularitiesin
digital images. Our approach is based on taking successive images
of the scene with different light sources. We then exploit image re-
construction from gradient fields to obtain a specular-reduced im-
age, useful for traditional photography and many computer vision
methods.

1 Introduction

The presence of specularities in real scenes is very common and
most often undesirable in traditional photography and image anal-
ysis methods, such as stereo reconstruction. Although a variety
of methods have been proposed to remove specular highlightsin a
singleimage [Nayar et a. 1997], detecting them reliably in textured
regions remains a challenging problem.

Our approach is similar in spirit to reducing the red eye effect in
photography using a strobed flash. We rely on a simple modifica-
tion of the capture setup: amulti-flash camerais used to take multi-
ple pictures of the scene, each one with adifferently positioned light
source. Figure 1a shows our prototype, which can be packaged into
aself-contained device no larger than existing digital cameras. This
setup was successfully used for depth edge detection and stylized
rendering [Raskar et al. 2004]. Next we describe how it can be used
for specularity removal.

2 Exposition

Our method is based on the observation that specular spots shift
according to the shifting of light sources that created them. We
need to consider three cases of how specular spots in different light
positions appear in each image: (i) shiny spots remain distinct on a
high specular surface; (ii) some spots overlap and (iii) spots overlap
completely (no shift). We show that for cases (i) and (ii), which
often occur in practice, our method successfully removes specular
highlights.

We note that although specularities overlap in the input images, the
boundaries (intensity edges) around specularities in general do not
overlap. The main ideais to exploit the gradient variation in the n
images, taken under the n different lighting conditions, at a given
pixel location (x,y). If (x,y) isin aspecular region, in cases (i) and
(i), the gradient due to the specularity boundary will be high in
only one or a minority of the n images. Taking the median of the
n gradients at that pixel will remove this outlier(s). Our method is
motivated by the intrinsic image approach [Weiss 2001], where the
author removes shadows in outdoor scenes by noting that shadow
boundaries are not static. Let Iy, 1 < k < n be an input image taken
with light source k. We reconstruct the specular-freeimage by using
median of gradients of input images as follows:

e Compute intensity gradient, Gy (x,y) = VIk (X,y)
e Find median of gradients, G(x,y) = median, (Gk(X,Y))
e Reconstruct image I’ which minimizes |VI’ — G|
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Figure 1: (a) Our prototype with four flashes. (b) Image taken with
one of the flashes. (c) Our result for specularity removal.

Image reconstruction from gradients fields, an approximate invert-
ibility problem, is still a very active research area. In R2, a modi-
fied gradient vector field G may not be integrable. We use one of
the direct methods recently proposed by [Fattal et a. 2002]. The
least square estimate of the original intensity function, I, so that G
~ VI, can be obtained by solving the Poisson differential equa-
tion V2I' = div G, involving a Laplace and a divergence operator.
We use the full multigrid method to solve the Poisson equation.

Figure 1c shows the resultant intrinsic image intensity 1’(x,y) with
significant removal of specularities, when compared with an image
taken with one of theflashesin Figure 1b. Our method failsin rough
surfaces or when specularities appear close to depth discontinuities
in the scene.

Let Imax(x,y) = maxc(lk(x,y)), 1 < k < n. We note that specular
pixels may be detected by just analyzing the ratio I’ /lmax, which
will be close to 1 only in non-specular regions. Detecting specu-
larities (instead of removing them) would be useful in other appli-
cations, such as object shape information acquisition and interac-
tive creation of technical illustrations, where the user may decide
whether to keep or remove specularities.
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