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Figure 1: (a, b) Normalized melanin and hemoglobin maps respectively for the back of a hand obtained using Antera 3D camera. The chromophore
concentrations vary from low (dark) and high (lighter) values. (c) Planar surface rendered as a linear combination of four basis chromophore
concentrations. The spatially varying diffuse texture results from bilinear interpolation of basis renderings with the measured chromophore
concentrations acting as blending weights. (d, f) Interpolated rendering of skin patch using actual hand geometry. These renderings match
subjectively well with the photo (e) captured using Antera 3D camera. (f) was rendered with a different pose and illumination in comparison to (e).
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1 INTRODUCTION

Realistic appearance modeling of human skin is an important re-
search topic with a variety of application in computer graphics.
Various diffusion based BSSRDF models [Jensen et al. 2001, Donner
and Jensen 2005, Donner and Jensen 2006] have been introduced in
graphics to efficiently simulate subsurface scattering in skin includ-
ing modeling its layered structure. These models however assume
homogeneous subsurface scattering parameters and produce spa-
tial color variation using an albedo map. In this work, we build
upon the spectral scattering model of [Donner and Jensen 2006]
and target a practical measurement-based rendering approach for
such a spectral BSSRDF. The model assumes scattering in the two
primary layers of skin (epidermis and dermis respectively) can be
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modeled with relative melanin and hemoglobin chromophore con-
centrations respectively. To drive this model for realistic rendering,
we employ measurements of skin patches using an off-the-shelf
Miravex Antera 3D camera which provides spatially varying maps
of these chromophore concentrations as well as corresponding 3D
surface geometry (see Figure 1) using a custom imaging setup.

We employ this data to implement a practical approximation of
spatially varying subsurface scattering in PBRT using the [Donner
and Jensen 2006] model. True heterogeneous subsurface scattering
in skin has previously been proposed by [Donner et al. 2008] who
employed a more complex spectral scattering model involving an
additional absorption layer and additional chromophore parame-
ters. Instead, we chose the simpler two layer model of [Donner
and Jensen 2006] in this work because of ease of mapping available
measurements of chromophore concentrations to model param-
eters, and achieve pseudo spatial variation in the final rendered
result through spatially varying linear combinations of a few basis
homogeneous subsurface scattering renderings.

2 OUR APPROACH

In order to render spatially varying subsurface scattering, we em-
ploy physically measured melanin (Cy,) and hemoglobin (Cy,) con-
centration maps acquired using a Miravex Antera 3D camera. An-
tera 3D is an off-the-shelf medical imaging device which can also
measure the 3D surface geometry for real skin patches (5 x 5cm?)
besides their chromophore concentrations. This is done by the de-
vice using a combination of cross polarized photometric stereo for
surface shape estimation and multi-spectral illumination to extract
the chromophore data.

The next step is to map the measured normalized chromophore
concentrations to the parameters of the spectral BSSRDF model. We
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currently do this mapping empirically since we do not have access
to the internal specifications of the device measurements. We first
compute the average RGB color of the measured skin patch and sub-
jectively find the closest mapping of this average RGB value in the
2D matrix of possible RGB skin colors given in [Donner and Jensen
2006] (see Figure 2). This indirectly provides us a mapping from
the average measured chromophore concentrations for the skin
patch to the corresponding model parameters in the 2D matrix. We
first find the four nearest RGB values in the 2D matrix surrounding
the given average RGB value of interest, and then scale the mea-
sured range of chromophore concentrations to the four bounding
model parameter values corresponding to the four bounding RGB
values. The final step of our method is to then approximate the
individual RGB values of a specific pixel within the skin patch as a
linear combination of the four bounding RGB values. For this, we
employ the appropriately scaled measured chromophore maps as
spatially varying weights for bilinear interpolation of the four basis
chromophore values and convert from the interpolated parameter
values to RGB using the spectral BSSRDF model. This is how we
reconstruct the spatially varying RGB diffuse texture of the skin
patch for rendering (Figure 1, c). We also tried our interpolation
method for two more cases of open palm, as shown in Figure 3.

Rendering Skin with PBRT. Besides reconstruction of the diffuse
albedo mapped on a flat surface, we employed the same bilinear
interpolation mechanism to render a skin patch on a given 3D sur-
face geometry with subsurface scattering according to the [Donner
and Jensen 2006] model. We extended PBRT-v2 renderer, which
natively supports subsurface scattering with dipole diffusion, and
added multi-layered scattering functionality using the multipole
diffusion approximation [Donner and Jensen 2005]. Instead of com-
puting reflectance and transmittance profiles for epidermis and
dermis separately on the fly, we precomputed the convolution of
these profiles according to Kubleka-Munk theory [Kubelka 1954]
and then passed that to PBRT for faster computation. The resulting
RGB skin colors for chosen basis Cm and Ch values are computed
using spectral sampling. We sample every 2nm from 400nm to
700nm and compute reflectance and transmittance profiles for each
layer and selected wavelength. We then compute the convolution
of the profiles in the frequency domain to generate final reflectance
profiles for rendering. Final conversion from spectral to RGB space
is done using CIE 1931 2-degree color matching functions.

We employ this rendering procedure in PBRT to separately ren-
der a given skin patch four times with the four different bounding
basis parameter values of Cy, and Cj, and then finally interpolate
the rendered images using the u-v mapping of the geometry to the
measured chromophore concentration maps which act as weights
of the interpolation. This approach was used for the rendering of
the back of the hand in Figure 1.

3 RESULTS AND FUTURE WORK

Our practical approximation approach for rendering skin with spa-
tially varying subsurface scattering produce compelling results
capturing fine skin features which qualitatively well match input
photograph of the given skin patch. This includes spatial variation
due to blood flow in a clenched palm seen in Figure 3. Our next goal
is to formalize the parameter mapping and interpolation method

Gitlina et al.

Cm
05% 3%  10%  30%  40%

0.1%
0.1%

5% 1%

5%

10%
10%

(a) Subjective tone matching (b) Interpolation

Figure 2: Bilinear interpolation of the diffuse component for human
skin coloration due to subsurface scattering.
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Figure 3: Bilinear interpolation of the diffuse component for a palm
patch. Sections of the clenched palm look paler/redder than the re-
laxed one due to blood rushing away from or into respectively from
neighboring areas.

for arbitrary geometry and chromophore maps with mathematical
rigor and consistency and compare the quality of our approxima-
tion against ground truth simulations with path tracing. It would
also be of an interest to test our approach not only for small patches
of skin but for an entire face or hand for example. For this purpose,
we plan to develop our own image-based acquisition method for
estimating spatially varying melanin and hemoglobin concentra-
tion maps for larger skin sample areas and compare our estimates
to those obtained using a biomedical device such as Antera 3D.
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