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Abstract
A midsurface consists of surface elements (2D) representing three-dimensional, thin solids whose local thickness is
small compared to its other dimensions. These simplified representations allow a significant acceleration of almost
all physical simulations – a prerequisite for rapid prototyping in the context of 3D additive manufacturing. In this
article we present a new algorithm that can extract a midsurface of a thin solid using a grid-based approach: The first
step builds a binary 3D grid and marks each voxel that contains some part of the input surface geometry. The second
step interprets the binary grid as a density field and applies a kernel to it. In the third step, the vertices of the original
input data are moved within the density field towards the climax. Finally, vertices which approach each other are
clustered and merged. Having merged all clusters of vertices, the resulting two-sided, incident surfaces are merged
to one-sided surfaces. The result is a midsurface. The algorithm has been designed to run fully automatic and the
presented proof of concept delivers convincing results.

Introduction

Dimension reduction transformation is widely used in Computer-Aided Engineering (CAE) analysis as it
substantially reduces the compexity of physical simulations. Computer-Aided Design (CAD) models are
therefore transformed into a representative surface known as “Midsurface” [1]. It is a simplified, idealized
2D-surface lying (mostly) midway of a thin-walled CAD model and mimicking its shape. Midsurfaces are
part of the family of medial objects representing simplified versions of thin-walled, solid input objects. The
goal of a midsurface is to reduce the complexity of simulations by switching from 3D volume representations
to 2D surface representations. As a consequence the midsurface definition depends (i) on the input and (ii)
on the output of a subsequent analysis:
Definition: The midsurface of a closed, thin-walled object is a set of surfaces which reveal in an CAE
analysis the same results (within a δ-tolerance) as the closed, thin-walled input model.

Therefore, the correctness of anymidsurface transformation can only be examinedwithin a given context.
Nevertheless, the simplified representation of a midsurface reduces the number of features of an object –
according to its definition without significant differences in the simulation results. Due to less degrees of
freedom (DOF) the simplified model allows a considerable acceleration of almost all physical simulations;
thus, it saves time and resources. Consequently, the automatic extraction of reasonable midsurfaces is an
important field of research. This article presents a new grid-based approach to solve this problem.

Related Work

The creation of midsurface geometry is an area of extensive research. Still, a lot of manual labor is required
to create reduced dimensional models from solid geometries, both in terms of computational geometry and
surface reconstruction. Naturally, related work can be found in these two categories.

Top-Down
Many approaches of midsurface construction work on boundary representations [12] in a top-down manner;
i.e. a complex part is split into small parts, which can be transformed into a midsurface representation



more easily. The first step of these approaches is usually a decomposition step according to semantic
interrelationships [14]. Due to the inherent difficulty of finding a general solution to themidsurface generation
problem, Y. H. Woo and C. U. Choo propose a divide and conquer approach [15]. The work of Nolan et
al. presents an approach to automatically create mixed dimensional meshes [9]. It uses feature detection to
cluster a surface into three categories: long-slender regions, thin-sheet regions, and complex regions. The
state-of-the-art approach based on decomposition [4], on identification of corresponding faces [2], and on a
Divide-and-Conquer strategy [3] has been developed by Y. H. Kulkarni: “Development of Algorithms for
Generating Connected Midsurfaces using Feature Information in Thin-Walled Parts” [1].

Bottom-Up
Due to the nature of our approach being grid-based, this Section focuses on a subgroup of so-called thinning
approaches. The idea behind these approaches is to iteratively shrink an object locally by offsetting its
boundary towards its interior. This process is stopped, when the interior vanishes and just a (potentially
non-manifold) surface structure remains. Work on thinning approaches dates back to the late seventies:
P. Kwok and V. Ranjan give a good overview of the most important thinning algorithms up to 1991 [5].
All presented algorithms work on voxel data and eventually result in a skeleton rather than a surface.
S. Prohaska and H.-C. Hege propose a robust, noise resistant criterion for the characterization of plane-like
skeletons [11]. Their algorithm is based on a distance map and the geodesic distance along the object’s
boundary. After obtaining a skeleton of lines and surfaces, the focus is on obtaining a surface representation
for expressive rendering of complex structures. In contrast to the already mentioned algorithms that return
skeletons, the work by T.-C. Lee and R. L. Kashyap on thinning algorithms is concerned with parallel
thinning for extracting medial surfaces and medial axes of binary voxel data [6]. Another thinning algorithm
for extracting medial surfaces is presented by C.-M. Ma and S.-Y. Wan [7]. It defines two sets of voxels
on the gridthat are iteratively reduced. It is proven to preserve connectivity. Another thinning approach for
medial surface extraction is presented by K. Palágyi and G. Németh [10]. The proposed algorithms rely on
sufficient conditions for parallel, topology-preserving reduction operators. A novel thinning scheme using
iteration-level endpoint checking is proposed in follow-up work [8].

Midsurface Generation

The new grid-based approach consists of four steps, which are illustrated in Figure 1.

Rasterization Step
The new algorithm can be applied to triangle meshes only. This prerequisite is not a limitation as most CAD
systems offer the possibility to export the tessellated geometry (e.g. in STL format). Besides the tessellated
geometry the algorithm needs two additional values: ε and δ, which are the smallest distance and the greatest
distance between two opposite surfaces that should be merged to one midsurface. All other subsequent
parameters are set automatically and do not need to be modified.The first step builds a binary 3D grid and
marks each voxel that has a non-empty intersection with the input surface geometry. If the grid size α, i.e.
the edge length of each cube in the voxel grid, is not specified, the algorithm uses the default value α = 1

2ε.

Voxel Kernel
The second step interprets the binary grid as a density field with the values 0.0, if a voxel does not contain
any geometry, and 1.0 otherwise. The main idea of the second step is to spread the density values using
a kernel. The overlaps of the kernels at the position of the midsurface result in significantly higher values
compared to their neighborhood. The algorithm uses a uniform distribution over a 3D sphere with radius κ.
The implementation simply sums for each voxel (i, j, k) the values of all surrounding voxels (r, s, t) with an
Euclidean distance less than κ between the voxels’ centers. The default value is κ = 1

2δ.



Figure 1: The new midsurface generation algorithm samples the input geometry (top row, left) to a binary
3D grid (top row, middle). Then the binary grid is interpreted as a density field and applies a
kernel to it (top row, right; cut for visibility). Afterwards, the vertices of the original input data
are moved within the density field towards the climax (bottom row, left). Finally, vertices which
approach each other are clustered and merged. The result is a midsurface. Input and output

geometry are shown in the bottom-right rendering (cut for visibility).

Vertex Climax
In the third step, the vertices of the original input tessellation data are moved within the density field generated
in the previous steps. The start position of a moving vertex is the center of its corresponding voxel. Then each
vertex moves to the center of a neighboring voxel with the highest density until no improvement concerning
density values is possible or the length of the movement path exceeds the greatest distance δ between two
opposite surfaces that should be merged to one midsurface.

Vertex Clustering & Topological Cleaning
Having moved all vertices, the resulting set of vertices is clustered using a mean-shift clustering algorithm
with a window size ω with default value δ. The result is already a two-sided midsurface. If a one-sided
midsurface representation is needed, a dense resampling of the two-sided midsurface and a reconstruction
according to Shawn and Watson [13] returns the desired representation.

Conclusion

A midsurface allows a significant acceleration of almost all physical simulations. With a few exceptions,
these midsurfaces cannot be generated fully automatically. The acceleration of the subsequent simulation
currently justifies even the manual creation of midsurfaces, so that manual re-engineering is still the first
choice in many engineering offices.

This article directly targets the interplay of theory and practice: we present a new algorithm to extract
a midsurface of a thin solid automatically using a grid-based approach. The first concept already delivers
convincing results. The algorithm has been designed to run fully automatic. This is an important property
for automated tests and simulations in a rapid prototyping scenario.
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