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Abstract

MeshLab, and its Python counterpart PyMeshLab, have been widely used for processing 3D
scanned data. However, some functionalities of MeshLab that are entirely interactive have
not been transferred into the scriptable framework under Python. Moreover, an emerging
file format for distributing scanned data still is not supported by MeshLab. In this thesis,
we have improved the capability of MeshLab to handle different kinds of 3D scanned data
by adding the support for 3D scanned LIDAR data (E57). Moreover, by refactoring the core
part of the alignment tools, we allowed higher flexibility in their usage in MeshLab and
made them available in PyMeshLab.
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Chapter 1

Introduction

This chapter will introduce MeshLab and PyMeshLab, the open-source mesh processing
system where | have developed the contribution described in this thesis. The second sec-
tion of this chapter will talk about the MeshLab's plugin architecture and will introduce a
general description about the plugins that | have implemented to improve the support for
the loading and processing of 3D scanned data.

1.1 Introduction to MeshLab

MeshLab [1] (https://meshlab.net) is an open-source, extensible program written in C++

for the elaboration and the processing of meshes, developed by the Visual Computing Lab
of ISTI-CNR. The software o ers many tools useful for editing, cleaning, recovering, in-
specting, rendering, texturing and converting meshes. MeshLab comes under the GPL 3.0
license, and it's available on Windows, Linux and macOS.

Figure 1.1: MeshLab running on macOS

MeshLab is compiled in two versions: single-precision (32 bit) and double-precision (64
bit) modes. Its source code can be found on ISTI-CNR GitHub repository at this link:
https://github.com/cnr-isti-vclab/meshlab.

From a developer's perspective, an important characteristic of MeshLab is that it has been
designed to be modular and extensible thanks to a plugin architecture that will be explained
in Section 1.2.
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1.1.1 MeshLab's Goals and Impact

The idea behind MeshLab is to provide a set of mostly automatic tools for processing, an-
alyzing and showing 3D models. These characteristics allowed the software to be used in
various environments: for the creation of assets in gaming indusf{g] [3] [4], for [5], for the
analysis of meshes obtained by 3D scanpfiogthe visualization of biomedical dd6, for surgical
simulations eld[7] [8] and for the conversion of 3D data between di erent formadiéeshLab
has established itself as an open-source main software for the data management of objects
acquired by 3D scanners and for the treatment and preprocessing of models to be used for
3D printing.

The software had a strong impact on the \ Cultural Heritage' eld, where 3D scanning, vi-
sual presentation and rapid prototyping are now widely accepted as enabling technologies,
provided that their use is not limited by the cost and complexity of using survey systems
and commercial software. Particularly with the emergence of low-cost 3D scanning tech-
nologies (such as photo reconstruction techniques), MeshLab has become the software of
choice for managing these data.

1.2 MeshLab's plugins architecture and goals

As said in the introduction of MeshLab, it was designed to be extensible, meaning it's pos-
sible to write separate plugins that allow the addition of new processing capabilities. These
additional components are easily writable by anyone who knows how to code using the
C++ programming language. According to the kind of functionality they add, there exist
various categories of plugins inside MeshLab:

1. IOPIlugin : allows importing meshes from new le formats (suchas .E57 , see Section
3).

2. FilterPlugin : implements automatic, black box processing algorithms that can be
applied to one or more meshes according to de ned parameters (like random mesh
coloring).

3. EditPlugin : provides tools that need some kind of interaction with the mesh. Editing
tools are the most complex and most tightly coupled with the rest of MeshLab, given
the fact that they can grab GUI events (like the mouse events) and customize the
rendering process.

4. RenderPlugin : are used to customize the rendering process of the displayed meshes.

5. DecoratePlugin : are used to implement the decoratorswhich are visualization aids
and glyphs that are overlaid on the rendered mesh to help show some data about a
mesh (e.g. the normals of the surface).

All the plugins inheritthe MeshLabPlugin and MeshLabPluginLogger interfaces, that
are the base for all MeshLab plugin classes. The rst class represents the library le of the
plugin, since all the MeshLab's plugins are compiled as dynamic libraries so they can be
loaded during the runtime. The second one is a utility class used to log information about
the plugin itself. All the plugins are loaded using the PluginManager , which is a con-
tainer object designed to load at runtime the dynamic libraries and organize them in order
to expose the plugin functionalities. The PluginManager and all the Plugin interfaces are
part of the so-called MeshLab Common Frameworkhe MeshLab Common Framewatkes not
contain GUI data structures and routines (which are part of the MeshLab GUI), but just the
core functionalities, interfaces and data structures of the software that need to be shared be-
tween the GUI (or a CLI like PyMeshLab, see section 1.3) and the plugins. In the Figure 1.2
all the plugins categories contained in MeshLab are shown.

For the objective®f this work, only two plugin categories were used: the [OPIlugin and the
FilterPlugin, that will be explained in detail in the next sections.

For anyone who would like to create a new plugin for MeshLab, just see the examples con-
tained in this repository: https://github.com/cnr-isti-vclab/meshlab-extra-plugins.
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Figure 1.2: UML [9] class diagram for MeshLab's Plugins. The Plugin Manager
manages all the plugins loaded inside MeshLab. Only the IOPIlugin and the Fil-
terPlugin inner methods are shown because they are the main used in this work.

1.2.1 IOPlugin

This category of plugins has several methods used to load and save images, and to load
2D images as well. For example, MeshLab supports the new gITF ! le format created by

Khronos Groupwhich is designed to become the new standard for three-dimensional models

and scenes [10]; the authors themselves de ned the standard as \the JPEGfor 3D". The
support for this le format is possible thanks to  10gITF plugin, which is contained inside

MeshLab. The Figure 1.3 shows a gITF le loaded inside the software.

Figure 1.3: Adam's Head This is a gITF le loaded into MeshLab 2021.07. Authors:
Unity Technologie®©. The screenshots were captured using MeshLab 2021.07.

1gITF: Graphics Language Transmission Format
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IOPIlugin access API

Switching to a developer's view point, the Figure 1.2 lists some important methods used for
the work of this thesis:

1. std:list<FileFormat> IOPIlugin::exportFormats : returns a list of all the
output les supported by the plugin.

2. std::list<FileFormat> IOPIlugin::importFormats : returns a list of all the
input les supported.

3. void IOPlugin::save . is called by the framework every time a mesh has to be
savedina le.

4. unsingned int 10PIlugin::numberMeshesContainedinFile : returns the num-
ber of meshes that the open function is going to load from the le given as parameter.
The default return value is one. If the le format can contain just one mesh per le,
then there is no need to re-implement the function.

5. void IOPIlugin::open(..., MeshModel& meshModel>) . is called by the frame-
work every time a mesh is loaded, who would like to extend the le formats has to
implement this method. This method is useful when the le to load contains only
one mesh.

6. void IOPIlugin::open(..., std:list<MeshModel&> meshModelsList)
this is an overload for the open function introduced before, it allows opening dif-
ferent meshes from a le containing more than one mesh. This function has been
implemented during the work and the reason will be explained in Section 3.4.

The I0PIlugin allowed us to achieve an objectiveof this work, that is, the support for a new
le format, called E57. The plugin will be discussed in Section 3.

1.2.2 FilterPlugin

The second plugin category used for this thesis is the FilterPlugin. Before technically de-
scribing the main access APIs of these plugin types, let's show an example. Suppose we
have a point cloud (described in Chapter 2) and we would like to perform the  surface re-
construction(Section 2.2) i.e. building a triangle mesh that approximates correctly this set
of isolated points in space. In MeshLab, there are many possibilities for such a problem.
One of the most used is the \ Surface Reconstruction: Screened Poisdter, which uses the
algorithm proposed by Michael Kazhdan and Hugues Hopipeheir paper\ Screened Poisson
surface reconstruction " [11]. The Figure 1.5 shows us the results of this lter plugin. In
practice, lter plugins encapsulate the concept of black box processing that takes as input
one or more meshes and a set of parameters; after some automatic processing, gives back
a well-de ned set of meshes as a result. Filter plugins are the core processing power of
MeshLab and expose more than two hundred di erent functionalities for many purposes,
like cleaning, measuring, analyzing, checking, remeshing, transforming, and so on.

It is important to underline the black box nature of Iter plugins because it is the reason
for which it is possible to automatically translate Iter actions into Python functions (see
Section 1.3).

FilterPlugin access API

When creating a FilterPlugin, the developer de nes di erent actionsin an enumeratorwhich
will be exposed to the MeshLab's user. As for the previous section, the Figure 1.2 lists the
main methods used to implement the alignment Iter that will be discussed in Chapter 4:

1. QString FilterPlugin::filterName : returns a string describing each ltering
action de ned in the action enumerators;

2. QString FilterPlugin::filterinfo . returns a long description for each I-
tering action.
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Figure 1.4: Flow diagram showing the principle behind the lIter plugins. The

user gives as input the meshes to lter and several parameters. Once the Iter ex-
ecution starts, it produces a set of new meshes. The Iter acts as a black box be-
cause the user cannot see what elaborations are being performed.

(a) Pre- Itering (b) Post- Itering

Figure 1.5: Chameleon. The gures above show a chameleon represented as a
point cloud reconstructed in a surface using the Iter\ Surface Reconstruction:
Screened PoissarThe screenshot has been captured using MeshLab 2021.07.

3. RichParamaterList FilterPlugin::initParamaterList . this function is
called to initialize the list of parameters for each action de ned in the plugin.

4. std::map<std::string, QVariant> FilterPlugin::applyFilter : this func-
tion is the lter plugin's main core. It applies the selected action with the already es-
tablished parameters, and it is called by the plugin framework. The function returns
a map of (string, valug pairs, that will be the output of command-line calls of the

lter using PyMeshLab.

1.2.3 EditPlugin

As explained in Section 1.2, the EditPlugin are additional components that allow a user to
interact directly on a mesh with MeshLab using an edit tool capturing user interface events,
such as mouse clicks, keyboard input and other inputs coming from di erent peripherals.
MeshLab has several edit tools: manipulatorstool, measuringool, Z-painting tool, pick points
selection of vertex clusterguality mapperand so on.

One of them is important for this work, that is, the align tool (see Figure 1.7), which its
code has been refactored to allow the PyMeshLab users to use the alignment algorithms
implemented inside the software, since due to the interactive nature of the plugin, a CLI ?

2CLI: Command Line Interface
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Figure 1.6: A Zoom on the various interactive Edit Tools that are exposed in tool-
bar of MeshLab. From left to right: Align, Manipulators, Measuring Raster align-
ment Z-painting, PickPoints Select Vertex ClusterSelect Vertices on PlanQuality

Mapper.

user cannot interact with the tool. The refactoring process will be described in Chapter 4.

Figure 1.7: The dialog of the Align Tool. The tool o ers several ways to perform

the alignment process manually and automatically between the meshes. In the
standard pipeline, the user starts by choosing a base mesh and then manually per-
forming a rough alignment with other meshes. Once this manual rough align-
ment process is done, the user can perform the global alignment routine, clicking
the Proces$utton. The screenshot has been captured using MeshLab 2021.07.

1.3 The Python Counterpart: PyMeshLab

PyMeshLab [12] is a Python 2 library that exposes most of the MeshLab functionalities.
PyMeshLab has been made possible by the well-de ned black box nature of Iter plugins,
in fact, most of PyMeshLab is automatically built from the same code of MeshLab, lIters
are translated into python functions whose parameters and interfaces are automatically de-
rived from the declarative nature of the MeshLab plugins.

It is possible to download the library using the standard Python package manager. pip.
Using PyMeshLab is elementary, for example, if a user would like to load a point cloud
contained in a E57 le simply types:

import pymeshlab

# Initialize the MeshSet as a new Workspace
meshSet = pymeshlab.MeshSet()

# Load the mesh pointCloud.e57 inside the MeshSet
meshSet.load_new_mesh( /path/to/mesh/pointCloud.e57 )

3python is a popular scripting programming language: https://www.python.org
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Figure 1.8: Using PyMeshLab inside a JupyterLab notebook. A simple script that
use MeshLab functionality to create a test shape, re ne the mesh, and compute an
ambient occlusion factor over it. The result is shown using the k3dPython visu-
alization library, by simply passing the vertex and face arrays provided by Mesh-
Lab.

1.3.1 Motivations

By default, MeshLab provides a GUI “ written using the Qt framework for easy portability
on many platforms. However, while a GUI allows to easily and interactively experiment
with the many possibilities of processing meshes in an interactive way, in many cases users
need to perform repetitive tasks like applying the same set of Itering actions to a large set
of meshes. This kind of advanced scripting activities is missing from the desktop version
of MeshLab and is the reason for having a Python library exposing most of the processing
capability of MeshLab. In this way, using PyMeshLab, eventually coupled with one of the
many Python libraries for rendering 3D meshes and using notebooks ( i.e, Jupyter, Figure
1.8), people can experiment with the many algorithms of MeshLab in a more programmatic
way.

PyMeshLab o ers all the lters contained in MeshLab, plus the capability to create new
projects which can be open in MeshLab. For further information, check the documentation
at the following link: https://pymeshlab.readthedocs.io.

Let's illustrate two use case scenarios to show the potential of PyMeshLab.

Case 1: Color Processing

Suppose we have a folder containing only gray-scale point clouds. We would like to color

the points depending on their position in space, in a sense that near vertices will be painted
with similar colors. This Iteriscalled Perlin Color Doing this task inside standard MeshLab
can be very long, since a user has to do:

1. Open MeshLab and create a new project.
2. Open the interested meshes.

3. For each mesh, it has to open the lter's window, con gure the parameters and then
apply the Iter and see the results.

4GUI: Graphical User Interface
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If we had 100 or even more, meshes, this task would take a huge amount of time. With
PyMeshLab, the user could write a script that loads the meshes inside a MeshSet and then
simply applies the Iter. The listing below shows the script:

Listing 1 Perlin Color script.

import os
import pymeshlab

meshFolderPath
outputFolderPath

= "/path/to/meshes"

= meshFolderPath + "/out"
meshSet = pymeshlab.MeshSet()

redColor = pymeshlab.Color(255, 0, 0, 255)
blueColor = pymeshlab.Color(0, 0, 255, 255)

for meshFile in os.listdir(meshFolderPath):

# Load the mesh inside the MeshSet
meshSet.load_new_mesh(meshFolderPath + meshFile)

# Apply the Perlin Color filter.
meshSet.perlin_color(redColor, blueColor)
outputFile = outputFolderPath + "pc_" + meshFile

# Save the edits applied into a new mesh file
meshSet.save_current_mesh(outputFile)

The script imports the pymeshlab library and then creates a new MeshSet As described
by Alessandro Muntoni12], the MeshSet class represents a set of meshes, each one with its
own unique ID, where every mesh corresponds to a layer inside MeshLab. Automatically,
when a mesh is loaded it becomes the current one and, on the invoking of a lter, the edits
will be applied on it.

Case 2: Faces Cleanup

Here is another use case scenario. Suppose we have a set of scans containing a 3D model
of a bunny statue that we would like to align. The scans are dirty because the initial 3D
scanner couldn't see behind a certain spot, therefore some faces of the bunny have a long
edge (see Figure 1.9). Figure 1.10 shows what we would like to achieve.

Figure 1.9: The faces we would like to remove are highlighted in red.

If we had to clean all the meshes manually, we would repeat the cycle described in the
previous subsection plus additional steps for each mesh:
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