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Figure 1. ViSkin adds skin simulation capabilities to personalized avatars. Based on a novel, biomechanically principled material model,
our method captures the salient characteristics of human skin, including nonlinear stretching resistance, anisotropic stiffness, spatially
varying sliding properties, and direction-dependent pre-stretch according to Langer lines (right). As illustrated on the left, ViSkin produces
smooth, physically plausible skin deformations for arbitrary body shapes and poses.

Abstract

We introduce ViSkin, a biomechanically principled ap-
proach to simulate skin mechanics on personalized avatars.
Our model captures the salient characteristics of human
skin, i.e., nonlinear stretching properties, anisotropic stiff-
ness, direction-dependent pre-stretch, and heterogeneous
sliding behavior. In particular, we introduce a novel rep-
resentation of Langer lines, which describe the distribu-
tion of principal material directions across the human body.
We further propose an optimization-based approach for in-
ferring spatially-varying pre-stretch from motion capture
data. We implement our new model using a computation-
ally efficient intrinsic representation that simulates skin as
a two-dimensional Lagrangian mesh embedded in the three-
dimensional body surface. We demonstrate our method on a
diverse set of body models, shapes, and poses and compare
to experimentally-obtained skin motion data. Our results
indicate that our method produces smoother and more plau-
sible skin deformations than a baseline method and shows
good accuracy compared to real-world data.

1. Introduction

The advent of personalized digital body models such as
SMPL [27] and STAR [36] points towards a future in
which the real and virtual worlds are seamlessly integrated.
Progress in these models leads to lifelike digital humans,
capturing nuances in appearance, motion, and expressions.
As they become increasingly accessible, new possibilities
emerge in entertainment and applications abound in ap-
parel, health, and medical sectors. Beyond mere appear-
ance, recent research has started to augment digital humans
with personalized anatomical structures such as bones [16],
organs [13, 42], and muscles [3, 20]. These biomechani-
cal models open up new opportunities for personalized di-
agnostics and therapeutics, engineering safety, and reha-
bilitation. However, to fully unlock the potential of these
advancements, we must first be able to predict and sim-
ulate the complex functions of these biomechanical mod-
els. Initial forays in this direction have already been made
to emulate, e.g., fat and muscle deformations during mo-
tion. Although these extensions may increase the per-
ceived realism of digital humans, undifferentiated treat-
ment of soft tissue neglects the complex mechanics of hu-



man skin and their importance in applications. Given its
unique multi-layer composition intertwined with collagen
fibers, the complexities of modeling human skin with its
nonlinear and anisotropic behaviors are profound. Never-
theless, the ability to simulate personalized skin mechanics
would open up new opportunities in the design of made-to-
measure sportswear, patient-specific orthoses, and robotic
assistive devices such as exoskeletons. Computational mod-
eling of skin is an active area of research, but, to the best of
our knowledge, no model exists that would generalize to
body-scale simulation on personalized digital avatars.

In this paper, we propose ViSkin—a simple yet biome-
chanically principled approach to simulate skin mechanics
on digital body models. Our contributions are as follows:
• Efficient and Physically-Principled Model: We present

a model that efficiently captures the complex mechanics
of human skin on digital body models, including both
stretching and sliding. In particular, our approach in-
corporates a sophisticated material model that faithfully
represents the non-linear, anisotropic, and pre-stretched
nature of human skin.

• Representation of Langer Lines: We introduce a novel
representation of Langer lines as on-surface vector fields.
These fields define the local axes for the tissue anisotropy.

• Representation of Spatially Varying Adhesion: We
present a model for skin ligaments that accounts for
the localized attachment of skin to the underlying tissue
structure.

• Optimization-based Pre-Stretch Computation: We
propose an optimization-based method for computing
ideal per-element pre-stretch tensors to minimize elastic
energy across a large set of real-world body motion data.
We demonstrate ViSkin on a diverse set of body shapes

and motions taken from real-world capture data. We further
calibrate and evaluate our skin model through experiments.

2. Related work
Digital Humans. Fueled by technological innovation
in static and mobile capturing devices, digital humans
have seen tremendous progress in the past two decades
[2, 5, 6]. Today, personalized body models enable the
rapid creation of high-quality digital twins for arbitrary
individuals [4, 27, 36]. In addition to visual appearance
and pose, research has started to augment personalized
body models with anatomical structures such as bones
[16, 17], organs [13, 42], and muscles [3, 20]. In this work,
we aim to further expand the envelope of digital humans
with a tailored solution for simulating skin mechanics on
personalized body models.

Flesh Simulation. Simulating the outer layer of a
character involves two main components: the skin, i.e., the
comparatively thin layer covering the human body, and the

flesh, i.e., the soft tissue below the skin. Soft tissue sim-
ulations typically focus on fat and muscle tissues—often
in a homogenized way—without explicit consideration of
skin mechanics [29, 31, 45, 47, 48]. A recent line of work
has explored the incorporation of soft tissue deformations
in digital body models, using combinations of data-driven
and simulation-based techniques [18, 38–41]. We note
that simulating skin and soft tissue are two different and
complementary problems. In particular, a homogenized
treatment of soft tissue with volumetric finite elements
cannot account for sliding and other nonlinear effects
observed in human skin. To the best of our knowledge, our
work is the first to consider body-scale skin simulation on
personalized avatar models.

Skin Simulation. Simulating skin deformation is a
problem that has been intensively investigated in the
computer graphics literature. Early approaches were
mostly based on mass-spring systems [1, 33, 49, 53],
whereas more recent work has turned to advanced fi-
nite element modeling [26, 54]. Skin exhibits strongly
anisotropic properties, which must be taken into account
for accurate modeling [19]. Biomechanical models are
typically based on energy density functions whose pa-
rameters are fitted to best approximate the mechanical
behavior of real human or animal skin patches subject to
tensile tests [10, 23, 24]. Anisotropy is often incorporated
by augmenting an isotropic base material with stiffer
(collagen) fibers [12, 52]. While existing biomechanical
models are remarkably complex, they focus on the tensile
behavior of simple isolated patches. Our work, in contrast,
aims to simulate skin deformations across the entire
human body, taking into account skin sliding as well as
spatially-varying adhesion, fibers and pre-stretch directions.

Coupling Tissue and Body. Skin is coupled with the
underlying muscles and bones through a complex stack of
contacting tissue layers intertwined with skin tendons and
ligaments. Due to this complex composition, explicitly
modeling skin layers and handling contact between them
is extremely challenging. A simplification proposed by
Li et al. [26] is to resort to an Eulerian-on-Lagrangian
representation [9, 46, 51], in which the skin is modeled with
Eulerian (texture-like) coordinates relative to a Lagrangian
body mesh. This Eulerian-on-Langrangian discretization
allows skin to freely slide on the body mesh while avoiding
contact handling altogether. However, this approach re-
quires a parameterization of the body mesh using an atlas of
quasi-isometric patches of skin. In the context of skintight
clothing design, Montes et al. [32] explored a Lagrangian-
on-Lagrangian approach in which a two-dimensional
Lagrangian mesh, representing the clothing, is embedded
in a three-dimensional body mesh. Another alternative is



to represent clothing as a three-dimensional mesh and to
handle contact between cloth and body explicitly [50]. We
opt for a Lagrangian-on-Lagrangian skin representation
which, compared to the work of Li et al. [26], avoids the
complexity of creating a skin atlas.

Mechanical Properties of Skin. The material constants for
biomechanical skin models are typically determined using
tensile tests on small patches of skin [10, 12, 23–25]. By
analyzing patches distributed across the body, Ni Annaidh
et al. [35] experimentally confirmed the existence of large
variations in principal directions.

Our method builds on a biomechanical material model
of human skin. To determine principal directions across the
body, we leverage the concept of Langer lines, i.e., lines
of principal skin tension that were discovered and exper-
imentally determined more than 150 years ago [21, 22].
We translate these experimental maps into detailed whole-
body vector fields that serve as the basis for both material
anisotropy in stiffness and pre-stretch. To the best of our
knowledge, this is the first computational model of human
skin to include Langer lines.

3. Anatomy & Physiology of Human Skin
Before describing our bio-inspired computational model of
skin, we provide a brief overview of the structures and me-
chanical functions of human skin.

3.1. Skin Anatomy

Human skin is a complex organ whose structure can be de-
composed into three main layers [37]. As shown in Fig-
ure 2, the outermost layer is the epidermis, which functions
as an interface with the external world. The dermis con-
tains high densities of collagen and elastin fibers, playing a
central role for the mechanical properties of the skin. Fi-
nally, the hypodermis is a layer of adipose tissue that mini-
mizes friction with the underlying structures, thus allowing
skin to slide. The adipose tissue is crossed by skin liga-
ments [34, 44] that attach the skin to the underlying struc-
tures. These ligaments restrain the skin from sliding arbi-
trarily, with the range of freedom depending on the ligament
lengths and density [7].

3.2. Langer Lines, Pre-Stretch, and Ligaments

Human skin is stretched across the body in anisotropic
ways, with the direction of maximum stretch following ten-
sion lines [8, 22]. These lines, which are also called Langer
lines, cause incisions to open by different amounts depend-
ing on their orientation and location on the body. The
knowledge of these directions is therefore crucial for sur-
geons, as Langer lines influence the cicatrization of wounds.
Langer lines have been shown to correlate with directions of
both maximum pre-stretch and stiffness [35].

Figure 2. Skin structure. On the right, skin classification in lay-
ers. On the left, skin relations with neighboring structures. Skin
ligaments crossing the adipose tissue are shown in blue on the left.

Pre-stretch, anisotropic stiffness, and ligaments are dis-
tinct but coupled mechanisms that govern the skin’s com-
plex behavior. Collagen fibers induce pre-stretch and stiff-
ening along the Langer lines, thus determining the skin’s
response to deformation. Imposing limits on skin sliding,
ligaments induce a complementary effect that does not di-
rectly influence the elastic properties of the tissue. We ob-
serve that a stiffer skin material alone cannot produce the
bi-phasic anchoring effect of ligaments.

We argue that a biomechanically meaningful model for
body-scale skin simulation must be able to capture the non-
linear and anisotropic stiffness of skin as well as spatially-
varying pre-stretch and sliding limits. As we explain next,
our model implements each of these mechanisms in a phys-
ically principled way.

4. Computational Modeling of Human Skin
This section presents our computational method for large-
scale skin simulation on personalized digital body models.
We start with our discrete representation for skin (Sec. 4.1)
before proceeding to material modeling (Sec. 4.2). We then
describe extensions to incorporate pre-stretch and how to
determine optimal values from data (Sec. 4.3). Finally, we
introduce a mechanism to implement the sliding-limiting
effects of skin ligaments (Sec. 4.4).

4.1. Discrete Representation

We discretize skin using a linear finite element approach
based on constant-strain triangles. To avoid contact han-
dling between skin and body, we use a Lagrangian-on-
Lagrangian representation (similar to Montes et al. [32])
and embed skin directly in the body mesh. Other than body-
skin collisions, this approach also avoids self-contact han-
dling, as tissue motion is constrained to be a pure sliding.
We represent a given skin node through barycentric coordi-
nates of its corresponding body triangle si = (ui, vi, tj) ∈
R[0,1]2×N , and we enable smooth skin sliding by modeling
the body mesh as a subdivision surface—see Montes et al.
[32] for details. To compute the subdivision surface, we use



the freely available implementation from the OpenSubdiv
library. With this setup, simulating skin amounts to finding
the deformed state S given the current body configuration B
and the rest state of the skin S̄. Whenever the body moves
or deforms, the skin must remain in equilibrium, i.e.,

Ŝ = argminS E(F(S),F(S̃)) s.t. f(F(S),F(S̄)) = 0
(1)

where Ŝ and S̄ are barycentric coordinates of skin ver-
tices in the deformed and undeformed state, respectively.
f = −∇SE(S, S̄) is the vector of elastic per-vertex forces,
E is the elastic energy of the skin, and F evaluates the sub-
division surface to determine the 3D world-space positions
of the skin nodes given the corresponding barycentric coor-
dinates. Next, we describe how we model the elastic poten-
tial of the skin.

4.2. Material Modeling

Simple approaches often approximate skin behavior using a
polynomial elastic model such as the Mooney-Rivlin fam-
ily. However, this class of materials cannot adequately
model stiffening, which is an effect observed in many types
of biological tissue for large deformations [10]. Besides
stiffening, another important nonlinearity is due to the fact
that skin wrinkles under compression, which corresponds
to a substantial reduction in stiffness. To account for both
these effects, we build our model on the stabilized Fung en-
ergy proposed by Smith et al. [43],

WFung =
µ

2
(I1 − 2)︸ ︷︷ ︸

Polynomial

+
λ

2
(J − k)2︸ ︷︷ ︸

Area preservation

+
α

2
(e

β
2 (I1−2) − 1)︸ ︷︷ ︸

Exponential stiffening
(2)

Given the deformation gradient F ∈ R3×2 for a skin tri-
angle, I1 = tr(FTF) and J =

√
det(FTF) are the strain

invariants used to evaluate the elastic energy. λ and µ are
the Lamé parameters, α and β are material constants related
to stiffening, and k = 1 + µ+α·β

λ .
In the next paragraphs, we will extend this model to in-

corporate skin anisotropy, pre-stretch, and spatially vary-
ing adhesion. We will describe the following skin material
model:

WSkin = WFung +WFiber +WLigament (3)

Collagen Fibers and Anisotropy. Collagen fibers in-
duce anisotropic behavior in skin. From a computational
perspective, these fibers lead to a higher stiffness of the ma-
terial along their direction d. To model this effect, we in-
troduce the following term

WFiber = s2, s = dTFTFd− 1 (4)

(a) Mterial models. (b) Ligaments response.

Figure 3. (a) Polynomial models, such as the Neo-Hookean, can-
not represent skin stiffening and anisotropy. (b) Forces exerted by
skin ligaments increase quickly when a sliding threshold lmax is
exceeded. The range of motion for sliding is controlled by lmax.

where s2 is the squared stretch along the fiber direction and
F is the deformation gradient of the skin triangle. While
fibers strongly resist stretching, they offer little resistance
to compression, and instead they bend or buckle. We model
this effect using a cubic filter Efiltered

Fiber (s) = max(0, s3),
which switches off resistance to compression in a C2-
continuous way. We combine these two regimes into a fiber
energy term

WFiber = Efiltered
Fiber (s) · (k1 + k2 · ek3·s) k1, k2, k3 ∈ R

(5)
Collagen fibers create the stiffening effect along their direc-
tion and correlate with the Langer lines [35]. We therefore
set the fiber direction d for each triangle element according
to the local orientation of the Langer lines. Next, we ex-
plain how to determine the distribution of these lines along
the body.

Langer Lines. Although Langer lines were already
discovered in 1861 [21], they are still described through
handmade drawings (as those shown in Figure 4). To the
best of our knowledge, there exists no digital representa-
tion for Langer lines yet. To develop such a representation,
we model Langer lines as continuous vector fields defined
across arbitrary body shapes. We first define a sparse vector
field on the body mesh by selecting a set of sample trian-
gles and manually assigning the closest directions from the
two-dimensional drawings. For each remaining triangle, we
then find the closest sample and propagate its direction us-
ing parallel transport [15]. Since the resulting field is dis-
continuous, we apply an additional smoothing step. As can
be seen in Figure 4, this algorithm produces smooth vector
fields that closely resemble the input drawings.



Figure 4. Langer lines. Split-view comparison of two-dimensional
drawings (left halves) [30] and our continuous vector fields visu-
alized using line integral convolution (right halves).

4.3. Modeling Pre-Stretch along Tension Lines

The significance of Langer lines for skin mechanics is
widely recognized [35]. Nevertheless, we know of no com-
putational model that would use Langer lines to model spa-
tially varying pre-stretch across the body. To fill this gap,
we leverage the continuous vector field representation de-
scribed above to define per-triangle pre-stretch directions.
We then impose a scalar pre-stretch α based on these direc-
tions. We incorporate pre-stretch using an approach similar
to multiplicative plasticity and elastic growth theories [11].
To this end, we consider the deformation gradient Fgeometry

that provides a linear map from a given undeformed trian-
gle element to its deformed configuration. To incorporate
pre-stretch, we factorize the deformation gradient as

Fgeometry = Felastic · Fprestretch(α,d) , (6)

where Fprestretch = αddT is a pre-stretch deformation gra-
dient. The elastic part of the deformation is described by
Felastic. It is worth noting that evaluating the elastic energy
and its derivatives requires the elastic deformation gradient,
which is computed as

Felastic = Fgeometry · F−1
prestretch . (7)

Optimization-based Pre-Stretch Computation. Eval-
uating the deformation gradient for a given triangle requires
a rest shape for the element. However, this rest shape is
generally not known since (1) we do not have an explicit
parameterization of the body mesh and (2) there exists no
neutral pose in which all elements would be undeformed.
For this reason, we aim to automatically compute optimal
per-triangle rest shapes. Therefore, we seek to find rest
shapes that minimize deformation across a set of example

Figure 5. Skin, body, and ligaments. Illustration of ligament loca-
tion x, attachment point x̄, and length l.

poses extracted from real-world motion capture data. For
each triangle, let Fij ∈ R3×2 denote the deformation gra-
dient of triangle i for example pose j, i.e.,

Fij =
[
e1 e2

] [
ē1 ē2

]−1
= E · Ē−1 (8)

where (e1, e2) ∈ R3×2 are the two edge vectors in the
deformed configuration and (ē1, ē2) ∈ R2×2 are the cor-
responding rest vectors in local triangle coordinates. The
rest shape of the triangle is defined by three indepen-
dent variables, corresponding to three 2D vertex posi-
tions {(0, 0), (ai, 0), (bi, ci)}, hence Ē−1 has coefficients
(hi, ki, 0,mi). We obtain these values by solving the opti-
mization problem

(ĥ, k̂, m̂) = argmin(h,k,m)

M∑
j

N∑
i

||FTijFij − I2||2 , (9)

where (h,k,m) are vectors holding the rest shape param-
eters for the N skin triangles. Visually, the above opti-
mization problem minimizes a simple deformation mea-
sure across the entire set of P target poses. In our exper-
iments, given a motion sequence of K frames, we sample
M = K/10 evenly-spaced poses and solve the problem us-
ing Newton’s method. The resulting per element rest poses
are then used for computing deformation gradients when
evaluation the skin energy and its derivatives.

4.4. Skin Ligaments

Skin ligaments are linear structures that connect the super-
ficial layers of the skin to deep fascia, muscles, and bones.
They bind the skin to soft and hard tissues, with an ad-
hesion strength that depends on their lengths and density.
Since these ligaments are not tensioned and run orthogonal
to the skin’s surface, they do not resist skin sliding to the
first order. They are nevertheless firmly anchored and, once
straightened, strongly oppose further sliding of the skin.

To capture these effects, we model skin ligaments as
springs with an exponential material behavior. The rest
length of the spring represents the distance at which the
ligament is fully extended and exerts its response. The de-
formed length is: l = ||x− x̃||2, where x̃ and x are the rest
and deformed locations of the ligament attachment points
respectively (Fig. 5). We model the resistance of ligaments



as

WLigament = m1 · l2 +m2 · {em3·(l2−l2max)} , (10)

where m1,m2,m3 are material constants and lmax is the
length at which the ligament is fully extended. The
quadratic excursion l2−l2max causes a rapid stiffening when
l > lmax and a soft compression response for l < lmax.

5. Results
We evaluate our method on set of examples that compare
skin deformations to baselines and experimental data.

5.1. Texture Sliding

To illustrate the impact of our method in a visually intuitive
way, we investigate the skin deformations induced in the
neck region when lifting the head. We constrain the skin at
the boundary and place zero-length ligaments on the eyes,
lips, nose, and ears to mimic the real-world behavior of skin
in these areas. We employ a Young modulus of 3015, Pois-
son ratio of 0.33, α = 0.34, β = 6.62, k1 = 0, k2 = 0.002,
k3 = 7.9, m1 = 0, m2 = 0.0025, and m3 = 7. These
parameters are the result of fitting our anisotropic material
model on the measurements of [23, 24] for rabbit skin. We
optimize the profile of the energy curve to guarantee con-
sistent behavior along the directions parallel and orthogo-
nal to the Langer lines. Triangle inversions in the simu-
lation are prevented by detecting primitives collapsing to
zero-area states during Newton iterations. In such case, the
update is rejected, and the magnitude of the step is reduced.
We visualize deformations using texture mapping. As can
be seen in Fig. 6, the default SMPL skinning method leads
to visible texture distortions below the chin, whereas our
simulation-based method produces smooth deformations.

5.2. Langer Lines

Fig. 7 shows visualizations of our on-surface vector field
representation of Langer lines. Our different body shapes
share the same mesh topology, and the tension lines for ar-
bitrary body shapes of the same gender are obtained using
the same input sparse vector field. We use two different in-
put fields for female and male body avatars as their tension
lines differ in the torso region. Additional Langer lines for
Dyna and SMPL avatars are illustrated in Fig. 1. We use
aitviewer [14] to create the T-poses for the characters.

5.3. Motion Sequences on SMPL

We additionally evaluate skin deformations using real-
world motion sequences. Skin ligaments are placed accord-
ing to [34], with shorter lengths on areas with limited slid-
ing (the popliteal fossae, cubital fossae, hands, wrists, feet,
head, and the axilla) and no skin sliding (the belly button,
the papilla mammae, and between the glutes). To obtain

Figure 6. Skin simulation on head and neck. Comparison of
deformations using color coding (top) and texturing (bottom) for
SMPL’s default skinning (middle) and our method (right).

Figure 7. Langer lines and pre-stretch. Our method generalizes to
different genders and body shapes. We also show the strain norm
resulting from pre-stretch in the T-pose.

smoothly varying ligament lengths, we average values over
one-ring neighborhoods. We use the rest shape optimiza-
tion (Sec. 4.3) and apply a pre-stretch of 0.875 to every
triangle element except for the head region (there, we apply
a neutral color in the visualizations with color-coding). For
the first frame of the sequences, we repeat the simulation
adding exponential behavior, anisotropy, and pre-stretch in
sequence. If the body displacement between two frames is
large, we first simulate without the exponential terms.

Fig. 8 compares the skin deformation using SMPL’s de-
fault skinning with our simulation results on two motion
sequences from the AMASS datasets [28], MoSh and AC-
CAD. For SMPL’s default skinning, the skin deformation
exhibits visible noise and strain concentrations between



Figure 8. Dynamic motion sequences. We compare skin deformations for SMPL’s default skinning (bottom) with our simulation-based
method (top). On the left, we show the ligament lengths defined on the character body.

Figure 9. Our method applied to a Dyna dataset model with high BMI. We visualize Langer lines (left) and skin deformations using our
simulation (top) and the original surface (bottom) on two avatars from the Dyna dataset.

thighs, shoulders, and legs. In contrast, our simulation-
based method leads to a smooth distribution of deforma-
tions. We illustrate skin deformations on additional poses
from the DanceDB and SSM datasets in Fig. 1.

In our experiments, we employed smoothness as a quali-
tative measure for validation. In fact, as a visco-elastic ma-
terial, skin tends to exhibit spatially smooth deformations.
In contrast, digital body models such as SMPL and Dyna
exhibit noisy strain distributions with isolated peaks, which
are biomechanically implausible.

5.4. Motion Sequences on Dyna

Apart from SMPL, we also applied ViSkin to two models
from the Dyna dataset with high BMI, as they are optimized
to have more realistic deformations. Fig. 9 shows a compar-
ison between deformations on the original surface (bottom)
and after simulation(top). We observe unnaturally noisy
skin deformations on the original Dyna’s surfaces, whereas
our method produces smooth and plausible skin deforma-

tions.

5.5. Runtime

Table 1 shows the mean run-time to simulate a frame in the
dynamic motion sequences presented above. We observe
that a greater amount of time is required for pairs sequence-
avatar with larger deformations. The timings are recorded
on an i5-10300H CPU of 2.50GHz.

5.6. Skin Sliding on Palm and Wrist

We evaluate the effect of ligaments on skin sliding in the
forearm region. We record the downward motion of the skin
in the forearm region caused by pushing a skintight velcro
band. Markers are drawn on the user’s arm to better evaluate
skin sliding. In digital space, we apply a realistic skin tex-
ture, and we color in black the constrained area of skin that
slides downwards, mimicking the velcro band of our exper-
imental setup. We place zero-length skin ligaments over the
palm and 2cm long ligaments on the wrist and the cubital



Figure 10. Skin sliding on palm and wrist. From left to right: Experimental capture of skin sliding (1-2) and comparison of simulation
results without (4) and with (5) ligaments. The ligament lengths are shown to the far right.

Sequence Name dataset Mean Step Time

dance SMPL, MoSH 0.6 s
kick SMPL, ACCAD 0.25 s
dance SMPL, SSM 13 s
dance SMPL, DanceDB 0.9 s
jiggle on toes Dyna 17 s
jumping jacks Dyna 38 s

Table 1. Benchmarks on different motion sequences. Dynamic
sequence with larger deformations take more computation time.

fossa. This value corresponds to the empirically determined
maximum sliding lengths observed on the subject’s arm. In
Fig. 10, we show that without ligaments, the skin deforms
unnaturally, similar to a glove sliding off the arm. When
ligaments are used, the skin remains in place on the palm
and deforms moderately on the wrist, which qualitatively
agrees with our experimental observations.

We observe that the forearm is an ideal place to test skin
stretching and sliding, as our experiments aim at isolating
these effects from other factors to minimize confounding
influences. To build intuition for this experiment, we invite
readers to do a simple self-test: holding the right forearm
below the wrist with the left hand (or vice versa), and pull
the skin towards the elbow. Observe how skin motion ex-
tends well beyond knuckles with large sliding at the wrist
and some stretching. The non-linearity of the skin can be
clearly felt as a hard stop when further motion of the hand
becomes impossible.

6. Conclusions

We have presented an automated method for simulat-
ing biomechanically plausible skin deformations on digi-
tal body models. Our model incorporates the most im-

portant characteristics of human skin, i.e., nonlinear and
anisotropic material behavior, spatially varying pre-stretch,
and bi-phasic sliding resistance mediated by skin ligaments.

6.1. Limitations & Future Work

Skin pre-stretch and elasticity parameters depend on factors
such as age and the amount of adipose tissue. Our method
currently does not try to model these variations. Neverthe-
less, developing a data-driven model to capture these effects
is an interesting direction for future work.

Our skin model is computationally efficient and avoids
collision handling. While our approach purposefully avoids
modeling wrinkles, augmenting digital humans with simu-
lated wrinkles would further increase realism.

Our model is purely elastic, which is sufficient for many
applications that rely on quasi-static states of deformation.
For more dynamic settings, viscous material properties be-
come important and should be modeled as well.

Finally, using an exponential model allows for more ac-
curate modeling of the skin’s stretch response, but also in-
troduces challenges for simulation.

We believe that our skin model provides a first step to-
ward designing personalized sportswear, orthoses, and re-
habilitation devices. Integrating our simulation model with
optimization-based design tools for these applications is an
exciting direction for future work.
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