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the polarizer in front of the camera is parallel, the polarizer will
block about half of the diffusely reflected light, and none of the
specularly-reflected, such that Ll,i=p,s = 21 Dl,s + Sl,s . Therefore,
for each gradient lighting condition l and spectrum s, the specular
reflection image Sl,s is produced via polarization differencing:

1

Using a monochrome spectral camera model, a pixel value ps, j
of a material j lit by spectrum s is produced by integrating a fullyspectral modulation of the scene illuminant Is (λ) by the reflectance
spectrum of the material R j (λ) and the monochrome camera’s spectral sensitivity function C(λ):
∫ 700
ps, j =
Is (λ)R j (λ)C(λ)
(2)

METHOD: MULTISPECTRAL
POLARIZATION PROMOTION

We develop a technique that we call multispectral polarization promotion in which we hallucinate cross-polarized images for each
spectral channel from unpolarized lighting images, so that we can
generate a multispectral diffuse albedo texture map of the subject.
Our process requires that only one of the spectral channels in the
lighting rig is polarized in the pattern of Ghosh et al. [2011].
For clarity, we extend the variable naming conventions of Ma et
al. [2007]. We define a gradient illumination image of the subject
Ll,i,s , where l describes the gradient condition, i describes the
polarization state (one of cross or parallel), and s defines the index
of spectrum of illumination, ranging from 0 to n − 1 where n is the
number of spectral channels in the lighting rig, and 0 represents
the white LED. The gradient illumination images required [Ma et al.
2007] are therefore:
•
•
•
•
•
•
•
•

L x,c,0 , cross-polarized, x gradient
Ly,c,0 , cross-polarized, y gradient
Lz,c,0 , cross-polarized, z gradient
L f ,c,0 , cross-polarized, full sphere
L x,p,0 , parallel-polarized, x gradient
Ly,p,0 , parallel-polarized, y gradient
Lz,p,0 , parallel-polarized, z gradient
L f ,p,0 , parallel-polarized, full sphere

Sl,s = Ll,p,s − Ll,c,s

(1)
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We again assume that light reflected specularly from the skin
preserves both the polarization and spectrum of the incident source.
This assumption implies for an image pixel representing specular
reflection that the reflectance spectrum R j (λ) of Eq. 2 is a constant
value over the visible wavelength range. This value represents
the per-pixel reflectivity or specular albedo (ρ spec ) of the surface,
modulated by a per-pixel constant scale factor Fl that only depends
on the geometry of the illumination relative to the geometry of
the surface. The intuition behind the constant Fl is that a different
amount of light will be reflected specularly towards the camera for
a pixel depending on the incident illumination condition l and the
pixel’s surface normal. Both constants can be pulled out from the
integral, and the pixel values of the specular reflection image Sl,s
are computed as:
∫ 700
Sl,s = (ρ spec Fl )
Is (λ)C(λ)
(3)
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When linear polarizers over the light sources are oriented perpendicularly to the those in front of the camera, the polarizer will
block all of the specularly-reflected light and about half of the
diffusely reflected light, such that Ll,i=c,s = 12 Dl,s , representing
an image of the diffuse or sub-surface scattered reflections. When

In Eq. 3, the integral represents the intensity of Is (λ) as observed
by the monochrome camera with spectral response C(λ). We call
this quantity Ws :
∫ 700
Ws =
Is (λ)C(λ)
(4)
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Ws can be directly measured as a calibration step by photographing a reflective white spectralon disk or the white square of a color
chart as lit by each spectrum of illumination s (scaled up to represent the true reflectance of these calibration targets). No spectral
measurements are required. By substitution, we can write that the
specular reflection image Sl,s is a scaled multiple of the incident
light intensity, depending on the per-pixel specular albedo and
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