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Abstract

We present a new, Eulerian-on-Lagrangian approach for modeling
cloth. When a cloth modeled using the traditional Lagrangian ap-
proach is moved around an object with sharp corners, such as the
edge of a table, the cloth cannot always bend smoothly around the
object because it can bend only at its nodes. With our method, these
constraints are built into the discretization of the cloth, giving us
an equation of motion that directly honors these constraints. This
allows the cloth to bend and move smoothly around such constraints.
We show how our method can efficiently handle challenging simula-
tions, such as pulling a table cloth from under wine glasses without
knocking them over.
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Cloth simulation has been an important part of computer animation
over the years. Starting from the seminal work by Baraff and Witkin
[1998], we have seen many approaches and improvements to make
cloth simulation more efficient, realistic, and robust (e.g., [Golden-
thal et al. 2007; Narain et al. 2012]). These methods, however, have
one shortcoming that has not been addressed so far: they do not
allow the cloth to smoothly bend around sharp corners.

A cloth draped over a table naturally bends around the edge of the
table, as shown in Fig. 1a. This is challenging for models based on
purely Lagrangian approaches because where the cloth can bend
depends on the discretization of the cloth. With these methods,
cloth can only bend at the nodes, which are fixed to the material
coordinates of the cloth. If the cloth is pulled around the edge of
the table, as shown in Fig. 1b, the Lagrangian discretization of the
cloth makes the elements of the cloth bend unnaturally around the
constraint, as the application point of the constraint moves from one
element to another.

The obvious approach to overcome this problem is to increase the res-
olution of the cloth. However, this does not eliminate the problem—
the problem still persists at a higher resolution. The cloth is still not
able to bend continuously and suffers from spurious bending noise
around the constraint. Furthermore, the efficiency is decreased due
to the larger system size and the associated reduction in the time
step size. Perfectly discretizing the cloth at run time around the
constraint helps, but it also does not solve the problem entirely. To
see why, suppose we discretize the cloth so that the nodes are placed
exactly where the edge of the table is. For the next time step, what
constraints would we need to apply to these nodes? On the one hand,
if we apply a constraint using the normal of the table, the cloth still
cannot bend at these perfectly aligned nodes. On the other hand, if
we do not apply a constraint, the cloth will penetrate the table.

Figure 1: (Left) Table cloth draped over a rectangular table. (Right)
Pulling the cloth from underneath the wine glasses.

Our solution is to use the Eulerian-on-Lagrangian (EOL) discretiza-
tion, which has been used for cables [Sueda et al. 2011], tendons
[Sachdeva et al. 2015], skin [Li et al. 2013], and contacting solids
[Fan et al. 2013]. In an Eulerian discretization, each degree of free-
dom (DOF) is fixed in space, allowing the material to pass through.
In a Lagrangian discretization, each DOF is fixed to the material co-
ordinate, which moves in space. The EOL discretization mixes both
of these, allowing a node to contain both Eulerian and Lagrangian
DOFs. In our EOL cloth, we use EOL nodes at the constraints so that
the cloth material can move through these nodes while the spatial
positions of the nodes stay fixed. Thus, the EOL method decouples
the discretization of the dynamics from the constraints. The EOL
cloth is able to bend naturally over sharp corners, and this allows
the simulation of challenging scenarios, such as pulling a table cloth
from under wine glasses without toppling them over.
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