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Abstract

We propose a method for interactive cloning of 3D surface geometry using a paintbrush interface, similar to the
continuous cloning brush popular in image editing. Existing interactive mesh composition tools focus on atomic
copy-and-paste of pre-selected feature areas, and are either limited to copying surface displacements, or require
the solution of variational optimization problems, which is too expensive for an interactive brush interface. In con-
trast, our GeoBrush method supports real-time continuous copying of arbitrary high-resolution surface features
between irregular meshes, including topological handles. We achieve this by first establishing a correspondence
between the source and target geometries using a novel generalized discrete exponential map parameterization.
Next we roughly align the source geometry with the target shape using Green Coordinates with automatically-
constructed cages. Finally, we compute an offset membrane to smoothly blend the pasted patch with C1 continuity
before stitching it into the target. The offset membrane is a solution of a bi-harmonic PDE, which is computed on
the GPU in real time by exploiting the regular parametric domain. We demonstrate the effectiveness of GeoBrush
with various editing scenarios, including detail enrichment and completion of scanned surfaces.

Categories and Subject Descriptors (according to ACM CCS): I.3.5 [Computer Graphics]: Computational Geometry
and Object Modeling—Geometric algorithms, languages, and systems

1. Introduction

3D surface meshes with high-resolution geometric details
are frequently used in computer graphics and modeling ap-
plications, such as product prototyping and digital content
creation. They are typically created by scanning real-world
objects or by digital sculpting with sophisticated software
tools such as ZBrush [Pix10] or MudBox [Aut10]. Since 3D
modeling is a time-consuming process, it is highly desirable
to be able to reuse the results of previous efforts and combine
features from existing models when making new ones.

In 2D image editing, one very popular tool for content
reuse is the cloning brush, which allows incremental inter-
active copy of image parts onto a new location on the can-
vas (see e.g. [Ado10]). In addition to composition, it is often
used to fill holes in an image after an object was removed. In
this work, our goal is to design a similar interactive cloning
operation for high-resolution meshes in 3D. Our proposed
GeoBrush tool enables continuous copy-paste of detailed ge-
ometry, allowing combining features from different models,
filling missing geometry parts (e.g. due to scanning artifacts)
and cloning of arbitrary geometric details.

Figure 1: Cloning geometric details using GeoBrush.

Geometry cloning significantly differs from image
cloning and is much more challenging in many respects.
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Figure 5: Overview of the GeoBrush preprocess. (a) Canvas selection and parameterization. (b) Construction of compatible
cages and deformation of the source canvas to roughly align it with the target (via Green Coordinates [LLCO08]).
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Figure 6: Real-time cloning. (a) The user paints the ROI inside the source (or target) canvas; it corresponds to the parametric
region Q. (b) Flattened submesh Rin (allowed to contain inner foldovers) and flattened part of the target canvas outside of
the cloned area (Rout ). (c) The components of the offset membrane (left) which smoothly deforms gin to match with the target
surface (right). (d) We triangulate the gap between Es(Rin) and Et(Rout) (top) to yield the cloned result (bottom).

With every brush movement, we collect the contiguous
subset mesh Rin of the source canvas to be cloned onto the
target (its vertices are {v ∈ Ps| Es(v) ∈ Q}, Fig. 6b). We
would like to paste the warped shape gin = G(Rin) onto the
target surface, but naturally, there is some mismatch in the
shape and placement of gin w.r.t. Pt (Fig. 6c). We offset gin
so that it smoothly attaches to the target (Fig. 6c-d) by com-
puting a C1 offset membrane, as described in Section 4.4.

Apart from painting with the cloning brush, the user may
also change the location of the target canvas origin, as well
as the orientation and scale parameters, while retaining the
cloned ROI (the ROI will naturally translate, rotate and scale
along the surface together with the canvas, see Fig. 4). Drag-
ging and transforming the target canvas is fast thanks to the
efficient parameterization procedure (Section 4.2) and quick
target GC cage generation (Section 4.3): we can reuse the
most expensive part, which is Green Coordinates computa-
tion for the source (1-5 sec.), and only need to parameterize
the target canvas, construct its cage and apply GC, which is
about 40 times faster than computing the GC themselves.

4.2. Canvas selection and parameterization

Given the 2D painted area of the source canvas in screen
space (Section 3.1), we compute the 3D canvas on the mesh

(Ps) as follows. First, we pick a point on the source mesh
under the starting point of the canvas painting (the origin).
We then iteratively expand the region around the origin on
the surface by flood fill, stopping when we hit the boundary
of the painted canvas on the screen.

The clone brush operation requires a correspondence be-
tween source and target surfaces; however, this is only a
rough correspondence since the shapes may be very different
in terms of details and topology. If we were to represent the
surfaces as a smooth base plus displacements, a one-to-one
correspondence between the base surfaces would be suffi-
cient; however, we wish to avoid this explicit decomposition
and allow cloning more general geometry, e.g. extreme ex-
trusions and handles. Therefore we employ a projection-like
parameterization where many-to-one mappings are possible;
this suffices for our purposes as long as the boundary of the
domain has a one-to-one parameterization.

To compute a parameterization, we generalize the discrete
exponential map (DEM) algorithm [SGW06]. Firstly, we
provide DEM with highly smoothed normals instead of the
original surface normals, such that in a sense, DEM would
act as a projection onto an imaginary smooth surface. For
boundary vertices w ∈ ∂Ps we use the original surface nor-
mals n(w), and we interpolate these normals at the interior
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Figure 7: (a) Generalized Discrete Exponential Map. (b) To
flatten complex geometric features we first generate a
smooth normal field and then compute the DEM parame-
terization. (c) This effectively projects the complex geometry
onto the imaginary surface described by the normal field, but
the parameterization still respects the larger-scale curvature
of the surface, as is visible in (a).

vertices, i.e. for each interior vertex v ∈ Ps \ ∂Ps the normal
is defined as

n(v) =
ñ(v)
‖ñ(v)‖ ; ñ(v) = ∑

w∈∂Ps

n(w)
(‖w−v‖2 + ε)

. (1)

This interpolation is very easy to compute and sufficiently
smooth for our purpose (Figure 7).

We also modify the local parameterization procedure of
a vertex u adjacent to an already parameterized vertex v.
In the original DEM, local vectors (u− v) are projected
onto the tangent plane defined by n(v), and then re-scaled
to preserve (approximate) geodesic distances, effectively ro-
tating (u− v) about (u− v)× n(v). If we were to project
the vertices onto the hypothetical surface described by our
smoothed normal field, components orthogonal to the nor-
mals would be discarded. Hence, we can approximate this
cancellation simply by skipping the re-scaling step. Simi-
larly, we use a k-nearest neighborhood for DEM propagation
instead of the mesh connectivity, as this more accurately rep-
resents adjacency in the (hypothetical) projected mesh and
further improves the results.

Note that for the target canvas Pt we can typically use the
original DEM parameterization, since usually Pt does not
contain significant geometric features. We stop the growth of
Pt ’s parameterization when the 2D parametric space Et(Pt)
contains the entire image Es(Ps). Note also that Pt and its
parameterization are computed simultaneously, whereas Es
is defined after obtaining Ps from the user’s selection.

4.3. Automatic generation of cage meshes for source
canvas deformation

We compute cages Cs and Ct in order to perform space defor-
mation of Ps and align it with Pt . A cage is a low-resolution
closed mesh whose interior contains the object to be warped
(preferably with some distance from the cage surface, to
avoid problems with the deformation smoothness). Cs and Ct
should have the same connectivity and be in full correspon-
dence; Cs should enclose Ps while Ct should approximate the
overall shape of Pt .

We assume shell-like connectivity for the cages. We thus
first create a 2D mesh C by coarsely triangulating the 2D re-
gion Es(Ps). The connectivity of the cages is formed by du-
plicating C into “top” and ”bottom” sheets (green and blue
cage parts in Fig. 8) and generating a triangle strip connect-
ing the two copies along the boundary (red edges Fig. 8).
Therefore, for every vertex u ∈C there are two correspond-
ing vertices of the cage Cs, denoted by vtop(u) and vbtm(u).

We compute the geometry of the cage such that it approx-
imately encloses the canvas. For every u ∈ C we assign 3D
positions to vtop(u) and vbtm(u) by essentially forming a lo-
cal shell around the corresponding region of the surface Ps.
Let `(t) = p0 + tn(u) be a 3D line, where n(u) is the normal
used for DEM and p0 ∈ Ps is some point such that Es(p0) =
u (there is at least one). Let V(u) be the Voronoi region of
u in the mesh C; we project all 3D points p ∈ E−1

s (V(u))
onto the line ` and assign the extremal projected positions
to vtop(u) and vbtm(u). This simple displacement technique
may lead to self-intersections and badly-shaped cage trian-
gles (Fig. 8d); therefore we apply Laplacian mesh optimiza-
tion [NISA06] with the above initial position assignments as
soft constraints. While theoretically, the optimization is not
guaranteed to eliminate all self-intersections, we have not
encountered any problems in practice.

The positions of Ct ’s vertices are computed by deforming
the Cs mesh using Laplacian editing [SLCO∗04]:

min
wt∈Ct

‖∆wt −δ‖2. (2)

We first compute the mesh Laplacian vectors ∆Cs and then
transform them according to the local frame to obtain δ. Let
vs ∈Cs and wt ∈Ct be corresponding vertices on the source
and target cages, and u ∈ C the corresponding point in the
parametric domain; we attach a local frame to vs by tak-
ing the DEM normal n(u) and the two tangent vectors (the
derivatives w.r.t. the u,v coordinates) obtained from the Es
mapping; similarly we compute the local frame at wt from
Et ; we then use δ = λT ∆Cs(vs) as the Laplacian coordinate,
where λ is the scaling factor of Pt (specified by the user,
see Section 3) and T is the transformation between the local
frames of vs and wt . The minimization in Eq. (2) requires
positional constraints; we constrain the boundary midpoints
(wbtm + wtop)/2 = E−1

t (uw), where uw ∈ C is a boundary
vertex in the parametric domain and wbtm,wtop are its corre-
sponding vertices in Ct .

w/o optimization(a) (b) (c) (d)

Figure 8: (a) Cage generation for a challenging case where
the source canvas is curved. Our method produces a reason-
able shape (b-c), whereas the displacement-only approach
leads to self-intersections (d).
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