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Abstract

Specular reflection generally decreases the saturation of
surface colors, which will be possibly confused with other
colors that have the same hue but lower saturation. Tra-
ditional methods for specular reflection separation suffer
this problem of hue-saturation ambiguity, producing over-
saturated specular-free images quite often. We proposed a
two-step approach to solve this problem. In the first step, we
produce an over-saturated specular-free image by global
chromaticity propagation from specular-free pixels to high-
lighted ones. Then we recover the saturation based on pri-
ors of the piecewise constancy of diffuse chromaticity as
well as the spatial sparsity and smoothness of specular re-
flection. We achieve this through increasing the achromat-
ic component of diffuse chromaticity, while the magnitudes
of increments are determined by linear programming un-
der the constraints derived from the priors. Experiments on
both laboratory and natural images show that our method
can separate the specular reflection while preserving the
saturation of the underlying surface colors.

1. Introduction

Highlights are combinations of diffuse and specular re-
flection components. They are often observable in dielectric
inhomogeneous objects [16]. Removing specular compo-
nent benefits computer vision tasks such as image segmen-
tation and object recognition. In addition, identifying the
specular component reveals the roughness of the surface.

In this paper, we address the problem of separating the
specular reflection from the diffuse reflection of a single
image. This is essentially an under-constrained problem.
A typical way is transferring the chromaticity of specular-
free pixels to the highlighted pixels [3][19][21], which
makes the under-constrained problem solvable. Traditional
methods propagate the chromaticity between adjacent pix-
els [19]. These local propagations will be blocked by col-
or discontinuities. The chromaticity cannot be transferred

Figure 1. Specular reflection separation. (a) Input image. (b)
Ground-truth specular-free image. (c-d) The recovered specular-
free image and specular reflection by our method. (e) The result of
[19]. (f) The result of [21].(g-h) The result of the first stage of our
method: global propagation of diffuse chromaticity among pixels
with the same hue.

from the specular-free regions to the isolated highlights, so
there will be residual specular reflection left in the recov-
ered specular-free image. See the green patch in the middle
of Fig. 1 (e) for an example. Instead we propose to transfer
the chromaticity of specular-free pixels to highlighted ones
with the same hue. Since the specular reflection retains the
hue of the surface color, our global propagation can reach
highlighted pixels all over the image including those in iso-
lated regions (e.g., the green and blue patches in the middle
of Fig 1 (g)).

When there are surface colors with the same hue but
different saturation in the same image, the less saturated
ones may be mistaken to be highlighted during hue-based
chromaticity propagation. This problem is called the hue-
saturation ambiguity [6]. See the right half of the ball in
Fig. 1 (h) for an example. Accordingly, these pseudo high-
light regions will get higher saturations than the ground-
truth in the specular-free image as shown in Fig. 1 (d)-(f).
We compensate the increments of saturation through rais-
ing the achromatic component of the diffuse chromaticity,
making sure that the recovered specular reflection is spa-
tially sparse and smooth (as shown in Fig. 1 (d)) while the
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diffuse chromaticity is piece-wise constant (Fig. 1 (c)).

1.1. Related Work

The basis of color-based specular reflection separation
is the dichromatic reflection model [16]. This model does
not separate the chromatic and achromatic part of diffuse
reflection, so it cannot solve the problem of hue-saturation
ambiguity.

The two-step strategy – recovering the hue first and then
the saturation – is widely used in previous work. Bajscy
et al. [3] uses a hue-based segmentation succeeded by a
saturation-based segmentation, taking spatial continuity in-
to account. The segmentations rely on color discontinuities,
which is sensitive to noise. Further, isolated highlight re-
gions cannot be handled by this method. Mallick et al. [13]
proposed a SUV color space [14] to produces a partial sepa-
ration of diffuse and specular reflection. This partial separa-
tion is similar to the over-saturated specular-free image got
in the first stage of our method. In the next stage, the diffuse
component of the partial separation is removed through e-
volving a partial differential equation (PDE) that iteratively
erodes the specular component at each pixel. These local
operations are good at removing specular reflection with-
in small regions. Tan and Ikeuchi [19] generates a pseudo
specular-free image through setting the maximum diffuse
chromaticity of all the pixels to be a constant. This specular-
free image provides a terminate condition for the iterative
chromaticity propagation between adjacent pixels. It can
also be used as an initial diffuse image for our method, but
the remaining specular reflection does not have bounds as
tight as those produced by AP. The local propagation may
be blocked by color discontinuities generated by noise. Al-
so, it may go across the borders between different surface
colors when the color discontinuities cannot be identified
by a proper threshold (see the blue blocks in Fig. 1 (e)).

Separating specular reflection from a single image is an
under-constrained problem. To make it solvable, many pri-
ors have been proposed including the smoothness of diffuse
reflection [18], color-texture correlation [17], the smooth-
ness of the derivative of specular reflection, the local con-
stancy and the sparsity of diffuse chromaticity [6]. These
priors benefit our process of recovering the saturation. K-
linker et al. described the color distribution of the reflec-
tion components by skewed T shapes [7]. However these
T shapes are hard to extract for natural images due to tex-
ture and noise. Another way to solve the under-constrained
problem is using multiple images [15][12][11]. We refer to
the survey of [2] for details.

Recently, Akashi and Okatani [1] used sparse non-
negative matrix factorization to estimate the body colors
and separating reflection components simultaneously. This
method does not use any spatial priors.

Yang et al. used an efficient bilateral filtering to smooth

the maximum chromaticity of local regions [21]. The s-
moothing is guided by an approximated maximum diffuse
chromaticity to avoid smoothing between different surface
colors. The approximation fails in specific cases that the
minimum diffuse chromaticity of two pixels are different,
in which case the maximum chromaticity may be propagat-
ed between different surface colors.

The main contributions of this paper are: (1) we prop-
agate the chromaticity globally from diffuse-only anchor
points to highlighted ones, which can deal with isolated
highlight regions; and (2) we solve the problem of hue-
saturation ambiguity by embedding priors on the piecewise
constancy of diffuse chromaticity as well as the spatial spar-
sity and smoothness of specular reflection into simple linear
constraints.

2. Image Formation

According to the dichromatic reflection model [16], an
image with both diffuse and specular reflection can be rep-
resented as:

I(p) = md(p)Λ(p) +ms(p)Γ (1)

where Λ is the chromaticity of diffuse reflection and∑
i∈{r,g,b} Λ = 1. Γ is the chromaticity of the illumination.

Based on the neutral interface reflection (NIR) assumption
[10], the color of specular reflection equals the color of the
illumination. Without loss of generality, we assume that the
illuminations are always white, so Γ is a constant vector
[1/3, 1/3, 1/3]T . For images with chromatic illumination,
we first normalize the image by a color constancy algorith-
m such as [20]. md and ms are the intensity of diffuse and
specular reflection, respectively. Highlight removal aims at
reducing ms to 0 for each pixel.

Hue-saturation Ambiguity. Specular reflection
changes the saturation of the surface color while retaining
their hue [19][3]. Thus specular reflection generates a set of
hue-equivalent classes H, i.e., colors with same hue but dif-
ferent saturation. Note that, surface colors with the same
hue will fall into the same class with those produced by
specular reflection. To reveal the hue-equivalent class, we
rewrite Eqn. 1 to be:

I(p) = ml(p)(t(p)Λ(p) + k(p)Γ) + m̃s(p)Γ (2)

where ml is the illumination, t is intensity of the chromatic
part of the diffuse reflection, k is the intensity of the achro-
matic part of the diffuse reflection, m̃s is the pure specular
reflection without any residual of the achromatic part of dif-
fuse reflection. Note that m̃s depends on ml, but the depen-
dency will not affect the analysis following Eqn. 2, so we
do not write it explicitly. Each Λ defines a hue-equivalent
class H(Λ) with varying t and k. All the pixels p ∈ H(Λ)




