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Abstract

We present a new method for reconstructing the appear-
ance properties of human faces from a lightweight capture
procedure in an unconstrained environment. Our method
recovers the surface geometry, diffuse albedo, specular in-
tensity and specular roughness from a monocular video
containing a simple head rotation in-the-wild. Notably, we
make no simplifying assumptions on the environment light-
ing, and we explicitly take visibility and occlusions into ac-
count. As a result, our method can produce facial appear-
ance maps that approach the Þdelity of studio-based multi-
view captures, but with a far easier and cheaper procedure.

1. Introduction

3D facial scanning is a fundamental tool for the creation of
realistic digital humans in several industries like Þlm and
video game entertainment, communication and telepres-
ence, medical applications, and the new trend of AI-driven
digital characters. For decades, practitioners have relied on
high-quality 3D face scans in order to bring people into vir-
tual worlds. Much of the technology evolution has focused
on reconstructing the surface geometry, where initial scan-
ners could create detailed triangle meshes in controlled stu-
dio settings with many cameras and lights, and then more
recent efforts focused on fast and lightweight face recon-
struction from monocular inputs in less-constrained, so-
called Òin-the-wildÓ settings. While the facial geometry is
extremely important, the shape alone is not enough to re-
render the subject in novel environments with photorealis-
tic quality. For this task, we must additionally recover the
appearance properties of the face, which dictate how light
interacts with the skin surface. As such, in todayÕs high-end
facial scanning pipelines the desired result includes a high-
resolution facial surface mesh with corresponding appear-
ance textures for properties like the diffuse albedo, specu-
lar intensity and specular roughness, which are compatible
with modern skin shaders.

Like facial geometry reconstruction, the Þeld of skin ap-
pearance estimation is also well-studied in controlled stu-
dio environments, where accurate appearance maps can be
reconstructed from large setups that obtain multi-view or
multi-shot images under calibrated lighting [55]. Follow-
ing the geometry trend, current research aims to allow fa-
cial appearance capture in less constrained settings, for ex-
ample outdoors using the sun as a single point light [62].
Unfortunately, these methods often make simplifying as-
sumptions, and thus there still exists a large gap in recon-
struction quality between current in-the-wild methods and
production-ready studio-based capture.

In this work we present a new method for facial appear-
ance capture in the wild, surpassing the level of Þdelity of
existing lightweight methods. Our approach requires only
a short video sequence of a simple head rotation, captured
from a single camera in any environment, including indoors
or outdoors, on a sunny day or in shadow. Our approach is
built on traditional inverse rendering optimization, where a
fast differentiable renderer is used to solve for the geometry
and appearance parameters together with the environment
lighting simultaneously. Different from previous methods,
we do not make any assumptions on the lighting condition
(e.g. we do not require a sun in the sky), and as our main
contribution we explicitly take visibility into account, ef-
fectively removing baked-in shading by correctly modeling
self-occlusion in our appearance solver. The result is a de-
tailed geometry mesh with textures for diffuse albedo, spec-
ular intensity and roughness. As we will show, our approach
leads to more faithful recovery of the appearance properties
than existing techniques in the wild. As a particular appli-
cation, our approach allows fast capture of actors on a Þlm
set, with resulting assets that can be used directly in tradi-
tional VFX pipelines. In summary, we make the following
key contributions:

¥ A new state-of-the-art method for in-the-wild facial ap-
pearance capture that makes no assumption on the scene
lighting condition.

¥ A novel shading model that explicitly handles visibility







Figure 3. Qualitative comparisons with FLARE [4]. We show one training frame on the left, with separated diffuse, specular, normals and
diffuse albedo renders. On the right we show a relit example using the reconstructed appearance. FLARE fails to separate the diffuse and
specular signals, produces noisy normals, and bakes shading into the diffuse albedo, all leading to poor results under relighting.

PSNR! MAE " SSIM [63] ! LPIPS [71] "

NextFace [15] 25.30 10.63 0.78 0.31
SunStage [62] 29.47 5.28 0.88 0.14
FLARE [4] 30.40 2.01 0.94 0.15
Ours (w/o vis) 34.55 1.79 0.96 0.10

Ours 38.09 1.18 0.97 0.10

Table 1. Reconstruction errors computed over the skin region av-
eraged for all the subjects.

wrong shadows when relit (row 1, column 2, 3). The specu-
lar component also exhibits unrealistic sharp highlight (row
1, column 2, 4). Moreover, when the major light source
is behind the subject, the baseline renders show artifacts in
the form of strong specular highlights on the side of the nose
and under the chin (row 3, column 2, 4) since self-occlusion
is not properly handled. In contrast, our proposed model
correctly removes baked-in shading and produces more re-
alistic relit renders (row 2, 4). We also quantitatively evalu-
ated the performance gain of accounting for self-occlusion
in terms of reconstruction errors in Table1.

Evaluation on synthetic data. To better evaluate the
quality of the reconstructed mesh and textures against
ground truth, we created a synthetic dataset with a monoc-
ular head rotation sequence similar to the real data. The

ground truth mesh and albedo are from a studio appearance
capture method [55] (Fig. 6 column 1). We use a natu-
ral outdoor environment map on a cloudy day as lighting.
Please refer to the supplementary document for more de-
tails on the synthetic dataset. We show reconstructed diffuse
albedo and geometry of our method with and without light
visbility accounted for in columns 2 and 3 of Fig.6, and the
error maps compared with the ground truth are shown in the
last two columns. We can see that our method produces a
more accurate reconstruction of the diffuse albedo while the
baseline result contains a lot of baked-in shading. In terms
of shape reconstruction, the two perform similarly. How-
ever, the baseline method does not handle shadows well,
leading to slightly worse shape recovery in regions where
self-occlusion plays an important role,e.g., the lips.

Ours vsraytracing for specular. While a ray-tracer han-
dles visibility inherently, we Þnd that our modiÞed split-
sum approximation behaves more stably in our inverse ren-
dering setting when we need to solve for shape, textures,
lighting at the same time from merely monocular input. Ray
tracing produces ßickery specular images (Fig.7 row 2)
where part of the skin abruptly changes from very bright
to very dark while the head is rotating. We also notice
high frequency artifacts,e.g. sharp boundary between bright
and dark pixels, in the ray traced render, as denoted by the
red arrows. In contrast, our model gives visually smoother
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