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Abstract

A symmetric grid-based approach to mesh comparison is proposed, providing intuitive visual results alongside an objective
measure of the local differences between meshes. The difference function is defined on the nodes of a regular 3D lattice, making
it suitable as input for a variety of analysis algorithms. The visual results are compared and comparable to the Metro tool.

CCS Concepts

¢ Computing methodologies — Mesh geometry models; Shape analysis;, Mesh models;

1. Introduction

When comparing two meshes, the discussion is often based on
visual inspection or on numerical computations[ZP01; RFT04;
SPA*14; SGSH23]. Here, a simple, fast grid-based algorithm is
proposed to compute a symmetric local distance function between
two meshes A and B. The domain of this function is not a set of at-
tributes of one mesh, but a regular grid which provides a common
reference frame. The proposed algorithm detects and visualises lo-
cal differences between two irregular meshes in a structured way
with the potential to facilitate to deeper analysis. Moreover, the al-
gorithm is fast, as the regular lattice structure allows the efficient
computation of nearest neighbours to its nodes.

2. Mesh Comparison Algorithm

The aim is to compare a mesh A with a processed form thereof, B.
The local difference function is defined on a Nx X Ny x N; lattice L
(regular grid) with integer coordinates. The value of Ny is chosen by
the user, and determines the resolution at which the comparison will
be performed. Mesh A is scaled such that the difference between
the minimum and the maximum x-coordinate is Ny, then Ny and N;
are defined by A’s maximum coordinate differences (plus a small
buffer) along the y and z directions. Each node, n € L stores its
shortest distance to each mesh: dj and dg. As an optimisation, d
and dj are only assigned for nodes within a certain distance from
the meshes.

We iterate through all faces of the input mesh, say, mesh A, and
for each face f, compute the smallest parallelepiped bounding box
P aligned to the axes of L. P is then grown by one node in each
direction to allow for an overall smoother minimum distance func-
tion to defined on the nodes of L. Each n € P has its distance to f
calculated by using the method in [MWIJ95], and d;{ is updated to
the smaller of its current value and the new distance.

After this is done for all n € P, we proceed to the next face in
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A. Once completed for both A and B, the lattice is fully trained and
can be used directly, or exported for later analysis.
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Figure 1: Comparison of distances between nodes and two meshes.
The difference in the dotted line lengths is reflected by the hue of

the node, which is then transferred to the mesh vertices. Red corre-
sponds to no difference, and blue to the largest value obtained.
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B

2.1. Visualisation of Local Differences

To visualise the differences between A and B, hues are applied to
areas of significance. For each mesh vertex v € A, the nearest grid
node n is found and the difference in distances |d} — dg| mapped
to a hue according to its magnitude. We chose to assign hues on a
per-mesh relative scale, displayed in Figure 1, with red indicating
no difference and dark blue indicating the largest difference be-
tween meshes, following Metro’s default colour scheme. Vertices
closest to a lattice node trained by one only of the input meshes are
assigned the hue indicating maximum difference. The local differ-
ence function is thus a symmetric function defined on the nodes of
L, but mapped and visualised in two different ways, one on mesh
A and one on B. Two coloured meshes are therefore produced: A
with the differences to B highlighted, and B with the differences to
A highlighted.
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2.2. Mean Absolute Difference

We propose the Mean Absolute Difference (MAD) over all trained
nodes as a global measure of differences, which can be computed
from the local difference function defined on L

| A .
MAD = 5} |dy — d| (1)
i

Nodes trained by only one input are assigned a nominal distance of
21/3 — the minimum distance from a mesh at which we are guar-
anteed to record a distance on that node. Values > 2v/3 may nev-
ertheless be recorded, due to how P is computed, depending on the
size and orientation of the face contained therein. The measure is
symmetric and intuitive — the larger the differences at each node,
the larger the global difference will be. We use the term mean ab-
solute difference instead of the more common mean absolute error
to avoid the implication that one mesh is the “ground truth”, when
this may not be the case in practice.

3. Visual Results

The visual comparison results are shown in Figure 2 and are very
similar to those achieved with Metro[CRS98]: differences are typ-
ically in the smoothness of the rendering.

Figure 2: Differences from smoothing the Fandisk and Bunny, high-
lighted by the proposed algorithm (left) and Metro (right)[Sha*19].
The maximum difference for the Fandisk and Bunny was was
3.4295 and 1.5683 respectively.

4. Numerical Validation

To validate the MAD between meshes, noise was added to four
standard benchmark meshes (the Fandisk, Bunny, Armadillo, and
Happy Buddha) by random vertex displacement[CCC*08; MC21]
in increments of 0.1% up to 1.0% In line with intuition, Figure 4
shows that as the level of noise increases, so do the number of green
highlighted areas (indicating proximity to a partially-trained node),
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Figure 3: MAD difference increasing with noise level[Was21;
McK10]. The lines are for the Happy Buddha (blue), Armadillo
(orange), Fandisk (green), and Bunny (red) models.

relatively uniformly across the surface of the mesh. The symmetric
Hausdorff distance[GBKOS5] increases almost linearly with noise.

Figure 4: 0.1%, 0.5%, and 1.0% noise applied to the Ar-
madillo[Sha*19]. The maximum differences were 0.5857, 3.9026,
and 4.5568 respectively (symmetric Hausdorff: 0.6483, 3.1655 and
6.3412).

5. Contributions

A simple, fast, symmetric comparison algorithm that computes a
numerical difference between two meshes and provides a visual
representation thereof. The numerical difference is computed with
respect to a common reference lattice and a preliminary investiga-
tion is presented on how to exploit the highly-structured and ex-
portable data recorded on the lattice’s nodes.

6. Future Work

We plan to investigate methods for determining the best resolution
at which to run the analysis — even if the optimal resolution cannot
be proven, a heuristic measure could nevertheless be useful. Stor-
ing vector (rather than scalar) distances from an input to the lattice
would also provide additional information for analysis.
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