MeshLAB tutorial




A. OPENING POINT CLOUDS

(Notepad++ —> Text editor)
(Cloud Compare -> Point cloud and mesh editor)
(MeshLab -> Point cloud and mesh editor)




OPENING POINT CLOUDS IN NOTEPAD ++

Let us understand what is a point cloud. First of all, it is a collection of point
coordinates as you can see in the figure bellow. Here we see a point cloud
in PLY ascii format edited with Notepad++

(http://notepad-plus-plus.org/download/v6.1.2.html).
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= column_1_pts p?y]
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2 format ascii 1.0 [

¢yl 2z BRI ERIMEEEEEavy @y

3 comment VCGLIB generated
element vertex 2504844

5 property float x

& property float y

property float z

element face 0

9 property list uchar int vertex indices

10 end header

11 31.8334 4.1262 2.20986

12 31.8147 4.02618 4.50048

13 31.8%6 3.8B98%4 4.92557

14 32.5279 4.13798 2.0732

15 32.3389 3.93749 4.8B446

16 31.736 3.95065 4.87759

17 32.427 3.98417 4.57134

12 32.0452 3.99865 3.84174
19 31.7157 3.99568 3.19598
20 32.1614 4.04844 4.50017
21 32.1258 3.98535 4.66258
22 32.4759 4.04605 4.24856
23 31.9053 4.11022 4.4%238
24 31.8651 3.84597 5.13124
5 =77 4.10343 2.22793
.0222 3.99711 3.01078
-8091 4.02753 2.37521
.1964 3.91479 4.91122
-7407 3.99344 3.62429
.1507 3.99865 3.00827
.3114 3.87953 5.03495
.1926 4.00209 3.99469
.0463 3.99875 3.84693
101 3.99743 3.49763
.6976 3.88592 5.03289 -

MNormal text file length : 61788176 lines: 2504855  Ln:1 Col:1 Sel:0 UNIX ANST INS
T — G
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Here we see a point cloud in PLY format with binary encoding edited with
Notepad++. Binary encoding enables small file sizes but their content can’t
be edited manually. In both cases the header of the file is readable. We see
how many vertexes, the order for which coordinates are presented, and, in
this case, there are no faces.

i
Ficheiro Editar Procurar Ver Codificagde Linguagem Configuragdes Macros Executar TextFX  Plugins Janela 7 X

sEEBERIGE| 4Dl el fil e EE ‘{j|:6" NBERB|Eavy gV

B column_1_pts ply ]E column_lple| = column_1_pts_bin ply ]

1 bly 2

2 format binary little_endian 1.0 [

3 comment VCGLIB generated

4 element vertex 2504844

5  property float x

property float y

property float z

2 element face 0

5 property list uchar int wvertex indices

0 end_header
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The point cloud that correspond to this picture also presents normals for
each point (we may say that there is an implicit surface), color (in RGB
space), and a quality parameter (last column). Again, there are no vertexes.

“FicheiroEditar Procurar Ver Codificagio Linguagem Configurages Macros Executsr TedfX Plugins Jamels 2
BRaGal dhlae| niyl s BE=1ED |EavEigy
& column_{_ptssly | B cohumn_i ply | I column_i_pts_bnsly | Il FARD_LS1434_263ply | =] FARO_LS1434_263_nsciply |

=

format ascii 1.0

comment VCGLIB generated
element vertex 2074209

WO

property float x
property float y

7 property float z
property float nx
property float ny

10 property float nz
property uchar red
property uchar green
property uchar blue
property uchar alpha
property float guality

@

16 element face 0

property list uchar int vertex indices

end header

-6.28894 -7.53525 1.32832 -0.0700305 0.995155 0.0690023 104 102 88 255 0.75037
20 5.67891 -8.59374 3.77862 -0.297471 0.954305 -0.0285005 157 155 157 255 1.21935
3.72726 -0.987127 -0.685371 0.132637 0.891135 -0.0076445 133 130 117 255 0.97704
-0.533866 -10.2662 8.73483 -0.266073 0.963857 0.0136292 113 114 101 255 0.84025
7.4519 -8.11276 10.4743 -0.222333 0.974804 0.0180282 104 93 87 255 0.74646
-4.63622 0.232266 0.436302 0.157104 -0.9584891 0.072852 125 121 112 255 0.92623
-14.3091 -7.73901 0.968122 -0.0728002 0.8%6301 -0.0456581 118 101 76 255 0.75818
-1.41978 0.729592 1.64782 0.136499 -0.980648 -0.140346 112 112 112 255 0.87543
-6.85522 -1.64841 -0.984985 0.0676194 0.0327116 0.997175 117 117 115 255 0.9066&9
9.03295 -13.1406 9.24595 -0.280072 0.956441 0.0328469 157 158 150 255 1.20371
-0.889394 0.216632 -1.49513 0.84018 -0.23293 0.489737 79 71 58 255 0.53542
2.14299 1.4102 -1.10672 -0.371176 -0.8331%4 -0.409896 44 35 30 255 0.28%2
1.26656 -2.85119 -1.67531 0.0539642 -0.10034 0.993489 104 101 96 255 0.78163
T7.55416 -8.07152 8.15635 -0.2495 0.968203 0.0182578 173 172 168 255 1.33268
-0.012378 -2.84217 -1.56005 0.0306432 -0.121447 0.992125 122 121 116 255 0.9301¢

8.26758 -13.4167 11.1252 -0.106754 0.98738 -0.116983 163 144 112 255 1.07474
T7.38787 -8.10293 1.82289 -0.255651 0.966737 -0.0079046 161 162 148 255 1.21153 -
Normal text file length : 163085114 lines: 2074228 Ln:1 Col:1 Sel:0 UMNIX | deminge, 13 de Maio de 2012
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OPENING POINT CLOUDS IN CLOUD COMPARE
CloudCompare can be freely downloaded from http://www.danielgm.net/cc/.
This software doesn’t require installation. Just unzip it and launch cQQ.exe.
Besides PLY format it can also open other file formats. Explore it.
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@ Ffile Edit Tools Display Plugins 3D Views Help AEE

V" E \flﬁg ‘EJ @ 1 X ¢t .S G R ol Bur m m Remove fiter £ ﬁ &

DB Tree

4 [V] 3 column_Lply (C:/Users/Immateu...
@ column_1 - Cloud

DoERER LS = 2 %

[] Camera Link
Properties
Property State/Value
|
Name column_1 - Cloud |
Child 0 |4
Visible 3
Normal |
urrent Display  |3D View1 |
X:0872275 =
Box dimensions Y:2.06976
7:36452
X:321545
Box center ¥:315177
1 341795 &
Console
Detected CPU frequency: 2.39 GHz
[PLY][Comment ] VCGLIB generated
[PLY] Element 'face’ was ignored as it has 0 instance! 4
L3

PT o e oy 4 92
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OPENING POINT CLOUDS IN MESHLAB

MeshLab can be freely downloaded from hitp://meshlab.sourceforge.net/.

Point clouds can be open by double-clicking in a PLY file (if you associate
this file format to MeshLab. Here we see the point cloud corresponding to
the first and second PLY files shown above. Since there are no normals

associated with the points, there is no light effect.

- [Project 1
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NP QgE=ZE OB P « B8SF /HME-EEMO ¥ X




NAVIGATION IN MeshLAB

1.
2.

Left mouse button + drag: rotate around trackball center

Mouse wheel: move forward or backward

Center mouse button + drag: pan

Shift + mouse wheel: change camera field of view

Double click on specific point: places that point at the trackball center

Control + mouse wheel: moves near clipping plan

Control + Shift + mouse wheel: moves far clipping plan

© 00N OA W

Alt + Enter: enter full screen mode
. Control + Shift + left mouse button + drag: changes light direction (this

only takes effect if there are normals)

VISUALIZATION OPTIONS IN MeshLAB

Appearance options can be found under the menu TOOLS.
Other appearance and info options can be found under the menu VIEW.

Also explore the menu RENDER to change lighting, shaders, render mode
and color.




VISUALIZATION OPTIONS IN MeshLAB

Layers can be displayed under de VIEW menu or by clicking in the layer
icon. This is useful if you open several point clouds or meshes. Each point
cloud is assigned to a specific layer. The layer dialog looks as follows. You
can turn off a layer by clicking in the eye icon. You can delete a layer by

clicking the —icon.

& File Edit Filters Render View Windows Tools Help [=][=]x]

NEwvCeoeE olood ) QD « 8 /MG €MD ¥ XX
Y Project_1 B x

> % 0 FARO_LS1434_262.ply
> % 1 FARO_LS1434_263.ply




SAVING A PROJECT IN MeshLAB

A project is nothing more than an information structure. It doesn’t contain
the point clouds itself. It can be saved with the format MLP (default meshlab
project file) or ALN (align file) under the menu FILE. Both this kind of files
can be edited with a text editor. A project file looks like the following (edited
with Notepad++). It stores the point cloud file paths and poses (given by a

4x4 matrix). By default the identity matrix is assigned to all files opened.
B L REITI rrr——rl

Ficheiro Editar Procurar Ver Codificagie Linguagem Configuragies Macros Executar TexdtFX  Plugins  Janela
o = s @l & il |ﬁﬂ&i|‘§"|—".i-"'='-' Bl e |33‘“¥@‘§'
& column_lemphe| (= ttorial mip I

1 <!DOCTYPE MeshLabDocument>
2 <MeshLabProject>
<MeshGroup>
<MLMesh label="FARC 151434 _262.ply" filename="FARC L51434_262.ply">
5 <MLMatrix44>
& 1000
a0 1 0 0
B0 O 1 0
S0 001
10 </MLMatrix44>
</MLMesh>
<MLMesh label="FARC 151434 263.ply" filename="FARQC L351434_263.ply">
13 <MLMatrix44>
sa1 0 0 0
i5 0100
16 0010
7 0001
8 </MLMatrix44>
</MLMesh>
<MLMesh label="column 1.ply" filename="../teste/column 1.ply">
21 <MLMatrix44>
2291 00D 0
D 1 0 0
D O 1 0
@S0 0 0 1
26 </MLMatrix44>
</MLMesh>
</MeshGroup>
<RasterGroup/>
30 «</MeshLabProject>
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B. EDITING POINT CLOUDS (MeshLab)

1. Selecting and deleting points
2. Computing normals for point sets
3. Down-sampling point clouds
4. Scaling, Moving and Rotation
5. Combining transformations

11



SELECTING AND DELETING POINTS:

Points can be selected by picking the following icon.
TR A OIS & &4
| Select Vertexes l

Points are selected with a fence. Selected points turn on red. Points can be
added to a previous selection by pressing CTRL whilst selecting. Points
can be removed from a previous selection by pressing SHIFT whilst
selecting. To delete selected points press CTRL+DEL or click on the
respective icon (right).

W YA FERELLL IO & ¢

| Delete the current set of selected vertices; faces that share one of the deleted vertexes are deleted too. h

Explore the menu FILTERS/SELECTION to see other selection methods.

After deleting, if you want to keep the result you must save. Otherwise the
deletion is not updated. If you want to recover from a previous (unsaved)
state you can click the RELOAD icon.

12



COMPUTING NORMALS FOR POINT SETS:

If a point collection has no normals associated to it, then visualization is
poor and further editing options, such as align or some mesh reconstruction
methods, are not possible. Go to FILTERS / NORMALS,CURVATURES
AND ORIENTATIONS /

& File  Edit Render View Windows Tools Help

™y % Apply filter

Show current filter script

Script Editor

Selection

Cleaning and Repairing

Create New Mesh Layer

Remeshing, simplification and reconstruction
Polygonal and Quad Mesh

Color Creation and Processing
Smoothing, Fairing and Deformation
Quality Measure and computations
Mormals, Curvatures and Crientation
Layer and Attribute Management
Range Map

Point Set

Sampling

Texture

Camera

Depth complexity

Shape Diameter Function

Volumetric obscurance

Crl+L B

(1 ePm « O8s /BG -EEMQ ¥ ¥ X

)
()
N

[+,

Compute curvature principal directions
Compute normals for point sets

Cut mesh along crease edges

COMPUTE NORMALS FOR POINT SETS

Freeze Current M| Compute the normals of the vertices of a mesh without exploiting the triangle connectivity, useful for dataset with no faces L

Invert Faces Orientation

Normalize Face Mormals

MNormalize Vertex Normals

Per Vertex Normal Function

Re-Orient all faces coherentely
Recompute Angle Weighted Vertex Mormals
Recompute Face Normals
Recompute Per-Quad Face Normals
Recompute Vertex Mormals
Recompute Weighted Vertex Normals
Reset Current Matrix

Smoaths normals on a paint sets
Transform: Align to Principal Axis
Transform: Flip and/or swap axis
Transform: Move, Translate, Center
Transform: Rotate

Transform: Rotate to Fit to a plane

Transform: Scale

i

[

1l |

13



The number of neighbors is the number of points that are used to estimate
a tangent plan, at each point of the set.

Compute normals for point sets @

Compute the normals of the vertices of 2 mesh without explbiting the friangle connectivity, usefly for dataset with no Bres

Number of neighors 1 The number of neighbors wsed to estimate and propagate
Flip normals w.r.t. viewpoint :;g:’“ﬂw (i.ex. scanner pasition) is known, it can be

to disambiguate normals orientation, so that 2l the
direction.

Vie int Pos. The viewpoint position can be set by hand (i.2. getting the
e L o o] Get | Mol T | cument viewpaint) or it can be ratrieved from mesh camera,
 the viewpoint position i stored there

12:06
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The normal at a particular point is obviously perpendicular to the defined
tangent plan for that point. The normal is stored as the components of an
unitary vector with the direction determined. Disambiguation can be

obtained by defining a particular point towards which the normals should

flip to.

After the operation is complete, don’t forget to save the point cloud and to
select the NORMAL option.

NFe @S I)BD @

ePY OB /BE  EEMP XX}

.
@ Choose Saving Options for: ‘column_1_pts_bin.ply'

=)

Vert Face

[7] Flags 7] Flags
Calor Color
Quality Quality

Mormal Mormal
TexCoord

Radius

Additional Parameters

[¥] Binary encoding

@ All Camera

] Help

) Mone Polygonal

Wedge
Color
Normal

TexCoord

Texture Mame

Rename Texture

[ OK ][ Cancel ]

— — A
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The figure bellow shows the first possible effect of having normals
associated to the points.
This enables light inclination to be used to enhance the visualization in

MeshLab.
W . TERTERT W o T
B @RD « OBE /WS BRI IR L Y2 T BRI FIRCL Y2 T
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DOWN SAMPLING POINT CLOUDS:

Down sampling can be useful if we have point densities that are to high for
our purposes. This is usually the case with Laser Scanning point clouds
where high density occurs near the scan station. Down sampling can be
done with the POISSON DISK SAMPLING as shown above.

"I |
& File Edit [Fiters| Rencer View Windows Tools Help [=[=]x]

.f\ % Apply filter Ctrl+L p 1 ‘ l;l .ﬂj & @ @ Qa / . g’a -; ﬁ ‘i -_ @ X * %

Show current filter script

-

Script Editor

Selection

Cleaning and Repairing

Create New Mesh Layer

Remeshing, simplification and reconstruction

Polygonal and Quad Mesh

Color Creation and Processing
Smoacthing, Fairing and Deformation
Quality Measure and computations

MNormals, Curvatures and Orientation

Layer and Attribute Management
Range Map

Point Set

Clustered vertex Subsampling

Sampling

Texture Disk Vertex Coloring

Camera Dust Accumulation

Depth complexity Hausdorff Distance

Shape Diameter Function

Mesh Element Subsampling

Volumetric obscurance Montecarlo Sampling

Poisson-disk Sampling

Texel Sampling
Variable density Disk Sampling
Vertex Attribute Transfer

Voronoei Vertex Coloring

S EILCICA)
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With this filter the user can define the absolute number of samples, or can
define an average spacing between points (explicit radius). The option
Base Mesh Subsampling should be selected. And the point cloud to be
filtered should be chosen. At the end don’t forget to save the new sample

that was created as a new layer.

u - . -
snder  View \-‘.'inclm\.-'z. Tools  Help B :
g wE OO0 REIE RN TP PRELLLIOIEE T

Poisson-disk Sampling

Create 3 new layver populated with 2 point samplng of the current
mesh; samples are generated according fo & Poisson-disk disinbubion

Mumber of samples 1000
il wnit perc oD .. 4.3031)

0.010000 =] 0.232 [£]

Explicit Radius (abs and %)

MonterCarlo OverSampling  5p

Approximate Geodesic Distance

Base Mesh Subsampling

[ Refine Existing Samples

Samples to be refined [mk.lm_l.ply = ]

18



SCALING, MOVING AND ROTATION

These transformations can be found under FILTERS / NORMALS,
CURVATURES AND ORIENTATION / TRANSFORM...

At first sight these are simple transformations but please pay attention to
the explanations.

@ File Edit | Filters | Render View Windows Tools Help
= Apply filter Transform: Scale CtrleL o 3 e g i
.“h % Show current filter seript F] 1 11 11 ‘7 8 @ LI 4 . " & € - @ XXX

Script Editor C:Usersimmateus,Desktop fteste/escala.aln g X

Selection » > %5 0 column_lem.ply

Kileanig and R 5 > l 2 column_lem_escalade 1.ply
> "2 3 column_lcm_escalado_2.ply

Create New Mesh Layer 3

Remeshing, simplification and reconstruction 3 Q

Polygonal and Quad Mesh 3

Color Creation and Processing 3

Smoacthing, Fairing and Deformation 3

Quality Measure and computations »

Normals, Curvatures and Orientation 3 Compute curvature principal directions

Layer and Attribute Management 3 Compute normals for point sets

Range Map L Cut mesh aleng crease edges

Point Set D Freeze Current Matrix

Sampling b Invert Faces Orientation

Texture b MNormalize Face Normals

Camera * Mormalize Vertex Mormals
Depth complexity Per Vertex Mormal Function
Shape Diameter Function Re-Orient all faces coherentely
Volurnetric obscurance

Recompute Angle Weighted Vertex Normals

Recompute Face Normals

Recompute Per-Quad Face Normals

Recompute Vertex Normals

Recompute Weighted Vertex Normals
Reset Current Matrix

Smooths normals on a point sets

Transform: Align to Principal Axis

Transform: Flip and/or swap axis

Transform: Move, Translate, Center

Transform: Rotate

Transform: Rotate to Fit to a plane

Transform: Scale




SCALING

Scale can be uniform or different for each axis. The center of scale can also
be defined by the user as the origin, the barycenter (mass center of the
point cloud) or a custom point freely defined. We can choose to apply the
transformation to all layers.

An important option is FREEZE MATRIX. What does this mean?

If we select freeze matrix, the point cloud is actually scaled. This means
that after saving, point coordinates are multiplied by the scale factor.

But if we don't select freeze matrix, scale is only stored as a transformation
matrix in the project file, but the point cloud file remains unchanged.

Notice that although the visual effect is the same, the approach is quite
different. Irnhom: S o W

Generate a matrix transformation that scale the mesh. The mesh can be also
Aufomatically scaled fo 2 unit side box.

» 5 3 column_lcm_escalado_2.ply

X Axis 1
f Axis 1
1

Z Axis

] ] ]

[¥] Uniform Scaling

Center of scaling: [ grigin

[ Default | | Help ]

l Close | | Apply I
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MOVING

Moving works more or less as the scale option.

ROTATION

The previous considerations are also valid for rotation. The axis of rotation

can be defined by the user as shown above.

: [
Transform: Rotate e 3|

Generate 3 matrix fransformation that rotates the mesh. The mesh can be rotated
around one of the axis or 2 given axis and w.r b, fo the onigin or the haricenter, or 2
given paint.

Rotation on:

custom axis .
Y axis
Rotation Angle e

custom axis

Snap angle

Custom axis Get | View Dir =
Custom center Get | View Dir e

Snapping Value a0

Freeze Matrix
Apply to all layers

E Prewview

l
[

v

21



ROTATION

The center of rotation can also be defined by the user. The axis is defined
as a vector direction (custom axis) applied to a custom point (custom
center), with a particular a angle.

Transform: Rotate . = <)

Generate 2 matniy fransformation that rofates the mesh. The mesh can be rotated
around one of the axis or 2 givern axis and w.rt. fo Bhe ongin or the baricenter;, or 2
qiver point.

Rotation on: [mstom T = l

Center of rotation: -
Rotation Angle Bl
custom point

Snap angle

Custom axis i 1 1 Get | View Dir S
Custom center a [ a Get | View Dir R

Snapping Value

Freeze Matrix
Apply to all layers

E Preview

[
[

22



ROTATION

Notice that if you don’t freeze the matrix, then the rotation is stored as a
matrix (down right) in the project file and point coordinates remain
unchanged. Otherwise, point coordinates are changed according to the
applied rotation.

T e

Generate 3 matrix fransformation that rotates the mesh. The mesh can be rotafed
around one of the axis or 2 given axis and w.r k. fo the origin or the banicenter or 2
qiven paint.

Rotation on: [custom axis

Center of rotation: [origin

Rotation Angle

Snap angle

Snapping value 45

|:| Freeze Matrix
[7] Apply to all layers

[] Preview

Default

Close




COMBINING TRANSFORMATIONS

In the image we see a transformation matrix combining a rotation and a
translation. The last column of the matrix corresponds to the translation and
the 3x3 sub matrix formed by the first three lines and columns corresponds

to the rotation.

TN93E
Y36
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C. ALIGNING POINT CLOUDS

25



For instance, when we survey a place or a building with Laser Scanning,
we get several point clouds of the same object taken from different view
points and showing different features of that object. If these point clouds are
leveled (if the scanning system as an inclination sensor), then one of them
can be set as reference. Otherwise additional control data is needed (eg.
Topographic survey).

To reconstruct the overall 3D model, point clouds have to be aligned
(oriented). To align a point cloud means to change the point cloud position.
This new position is defined as transformation matrix (rotation + translation)
stored in the project file.

As it was stated before, when we save a MeshLab project, a position matrix
is assigned to each point cloud file. By default, an identity matrix is
assigned to all point clouds as they are opened.

The user chooses the coordinate system of a particular point cloud as the
reference coordinate system. That is, that point cloud is set as reference
(position unchanged; defined as the identity matrix) and the others should
move (position changes; defined by a transformation matrix).

26



Open the point clouds you want to orient and save a project. Remember
that you can save a project as MLP or ALN.

5 b ] |
& File Edit Filters Render Vlew Windows Tools Help

“@%D@@--i Mo®d e QA - OB /BMGE S EEMO XXX

C:fUsers/immateus/Desktop ftestefteste_alinh... & X

I % 0 column_lem_L.ply
I % 1 column_lem_2.ply
I % 2 column_lem_3.ply

11:16
14-05-2012

FT w me % o %
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In this case we have 3 point clouds with normals, and we saved the project
with the name ALIGN.ALN. Let us look at the project file with Notepad++.
As it can be seen, all point clouds have an identity matrix assigned.

@' *C:‘\Users\,lmma'leus\Deslctop\.teﬁe\tes-ée__alinha\align_-ﬂﬂ laln - No_m—_

Ficheiro Editar Procurar Ver Cedificagdo

Linguagem Configuragées Macros Execul

cEHHBZ E| 4D 3 | h Bg| 2 & | BE|= [
Eia@njmldn]

T 2

i column lcm 1.ply

3 #

4 1.000000 O0.000000 O.000000 O.000000
5 0.000000 1.000000 O.000000 O.000000
& 0.000000 0.000000 1.000000 0.000000
7 0.000000 0.000000 O0.000000 1.000000
8 column lcm 2.ply

S

i¢ 1.000000 0.000000 ©0.000000 O.000000
11 0.000000 1.000000 ©0.000000 O.000000
12 0.000000 0.000000 1.000000 O.000000
12 0.000000 0.000000 ©.000000 1.000000
14 column lcm 3.ply

5 &

i 1.000000 O.000000 O©.000000 O.000000
i7 0©0.000000 1.000000 O©.000000 O.000000
i1 0.000000 O0.000000 1.000000 O.000000
1% 0©0.000000 O0.000000 O©.000000 1.000000
20
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To start the alignment process, click on the respective icon. It will launch
the align dialog as it is shown.

[ MeshLab v13.1 - [GiUsers/l

& File Edit Filters Render View Windows Tools Help

NFwCceoEE Do v D ROS« 7 =
2 2 3 (4
4=t BRI s : 0 W column_lcm_1.ply
: 1 “‘7 column_lem_2.ply
2 column_1cm_3.ply
[ Manual Rough Glue ] [ Default ICP Params
( Glus Here Mesh ] | Param Current Arc )
[ Glue Here all Meshes ] _ Recalc Current Arc
[ Point Based Glueing | L Set as Base Mesh

[ Hide Reveal Unglued Mesh ]

False Colors

TR L e o ®

11:26
14-05-2012
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The first thing to do is to choose which point cloud is to be set as reference.
This is done by selecting a point cloud and clicking on GLUE HERE MESH.
With this, an asterisk appears next to the point cloud name.

|5 MeshLab vi3.1- [C-Nsemﬂmnﬁtﬂufﬂﬁktomg_alin a/align_0 |
@ File Edit Filters Render View Windows Tools Help | Lalx

W%%’@@-- i-m.@ 111 .@a@y;f Align Tool

1 2 |3 |4
o =« column_lcm 1.ply
1 W column_lcm_2.ply
2 column_lem_3.ply

[ Manual Rough Glue J [ Default ICP Params ]
[ Unglue Mesh ] [ Param Current Arc |
[ Glue Here all Meshes ] [ Recalc Current Arc ]
Point Based Glueing | [ Set as Base Mesh ]

J

[ Hide Reveal Unglued Mesh
Falze Colors

Process ]

s
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Then choose another point cloud and start by clicking on POINT BASED
GLUEING. The following window appears. In one side you have the

reference point cloud. On the other side you have the moving point cloud.

At this stage, the idea is to roughly align both point clouds by manually
defining homologous points (4 points are recommended).

Choose at least 4 matching pair of peints on the two meshes,
Double Click over each mesh to add new paints. Choose paints in consistent order

Allow Scaling

& meshisb —— T TS m——_— .. [E=x=)

| LI\.’?‘}“. =iyl S
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Points are picked by double clicking with the left mouse button. They can
be all selected in one point cloud and then all selected in the other point
cloud (by the same order), or we can select one point at each time on both
point clouds. To remove a point do CTRL + double click with left mouse
button. After the points are picked, click OK. You can change the view point
whilst selecting the points.

& meshlab T B amme a1 S

Choose at least 4 matching pair of points on the two meshes.
Double Click over each mesh to add new points. Choose points in consistent order
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At this moment you can see that both point clouds are roughly aligned. And
another asterisk can be found next to the aligned point cloud. We repeat
the process for the remaining point cloud. Notice that both aligned point
clouds are now set as reference for last point cloud.

pite =ste_alinha

wMeshLa“I:TvE.]. —E‘Hsﬁﬂl 'i.'-:':' Desktop; . g
& File Edit Filters Render View Windows Tools Help

1 2 3 |4
0 *‘7 B column_lem_l.ply
1 - column_1cm 2.ply
2 W column_lcm_3.ply

NFeceBEoDNDoar QAN ROBS /|

L Manual Rough Glue 11 Default ICP Params
( Unglue Mesh ] ( Param Current Arc )
[ Glue Here all Meshes ] _ Recalc Current Arc
Point Based Glueing | [ Set as Base Mesh
[ Hide/Reveal Unglued Mesh

False Colors

Process ]
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After the initial alignment is done we will proceed to the final optimization by
running the ICP (lterative Closest Point). Pay attention to the DEFAULT
ICP PARAMETERS. They are set in absolute units. So it is important to
have an idea of the units you are using. Terrestrial Laser Scanning point
clouds are usually in meters.

The sample nhumber means the number of homologous points that the
software will try to find and use for the optimization.

The minimal starting distance means the radius that will be used to find
the homologous points in one point cloud starting with a set of points in the
other point cloud.

The target distance is an average alignment error value that the software
will try to obtain from the process. With terrestrial laser scanning point
clouds, this value should be small (0.005m at least).

The Max Iteration Num is the maximum number of iterations that the
software will perform.
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The Rigid matching option should be selected if we are aligning point
clouds that have the same scale. If we don’t select this option, a scale
factor will be introduced in the final transformation matrix.

5 s 131 e RS S o T

@ File Edit Filters Render View Windows Tools le [l=lx

e - : | Align Tool p— - o @
NFE 9 EE oD DANEO8 /| —
4] 0 w 2 column_lcm_1.ply

i column_lem_2.ply
2+ column_icm 3.ply

DefaultAIlg ment P mm

Sample Mumber 1000

Minimal Starting Distance

Terget Distance L Manual Rough Glue ][ Default ICP Params
]
Max Iteration Num 100 ( Unglue Mesh ] [ Param Current Arc ,
Glue Here all Mesh: Recalc C
Mormal Equalized Sampling [ ]
Point Based Gluein, Set as Base Mesh
MSD Reduice Factor aE g [ J
5 Hide Reveal Unglued Mesh
Sample Cut High 0.75 [ ]

False Colors
Rigid matching

Process ]

[[Reset J[_o¢ ][ comcel J[ hep |




After clicking PROCESS, the ICP algorithm is launched and the results are
shown in a log window.

@ File Edit Filters Render View Windows Tools Help i
3 S o [P e =y 3 a
NFw 9 EE OOB (o [ .,

column_lcm_2.ply

column_lcm_3.ply

Manual Rough Glue | [ Default ICF Params

Unglue Mesh ] Param Current Arc

Glue Here all Meshes ] ‘ Recalc Current Arc

Paint Based Glueing | [ Set as Base Mesh
[ Hide/Reveal Unglued Mesh
False Colors

Process ]

Starting Processing of 3 glued meshes out of 3 meshes
Computing Overlaps 3 glued meshes...

Computed 3 posaible Arcs :

{ 1/3) 1 -> 2 Rligned AvgErr dd=1.235481 -> dd4=0.000001
{ 2/3) 0 -> 1 Rligned AvgErr d4d=2.349693 -> dd=0.000000
{ 3/3) 0 -> 2 Rligned AvgErr d4d=1.249209 -> dd4=0.000001
Corpleted Mesh-Mesh Alignment

Starting Global Alignment

Completed Global Alignment (error bound 0.0010)

6 ot 131 oo R ST LS Crie o S|
L

12:12

¥ 000
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Let us save the project and take a look at the ALN file.

As we can see, all point clouds now have a position matrix (often referred
as POSE) that is different from the identity matrix. This means that all point

clouds move during the orientation process (left).

If we need to assign the identity matrix to a particular point cloud, and want
to keep the internal coherence of the model, we can launch the ALIGN
tool, glue all the aligned point clouds an then choose the point cloud that
we want to SET AS BASE MESH (matrices shown on right; notice the

presence of the identity matrix).

=] Elign 0012 (= align_002.an |

[ align_001.aln | =] Elign_002aln [=] =lign_0D3.aln |

£

L T T T S T I T

3

column lcm 1.ply

#

1.000000 -0.000003 -0.000001 0.000011
0.000003 1.000000 -0.000005 -0.000077
0.000001 0.000005 1.000000 -0.000046
0.000000 0.000000 O0.000000 1.000000
column lcm 2.ply

#

1.000000 -0.000003 -0.000004 1.130080
0.000003 1.000000 -0.000013 -2.080171
0.000004 0.000013 1.000000 -0.000170
0.000000 ©0.000000 0.000000 1.000000
column lcm 3.ply

#

.968583 -0.2486%90 -0.000000 2.794143
.248690 0.968583 0.000000 -8.757934
.000000 -0.000000 1.000000 -0.000001
. 000000 0.000000 0.000000 1.000000

eI e T o R s R o}

L T T T S T I T

£

=

olumn lcm 1.ply

:

F

1.000000 ©0.000000 0.000000 O.000000
0.000000 1.000000 0.000000 O.000000
0.000000 ©0.000000 1.000000 O.000000
0.000000 ©0.000000 0.000000 1.000000
column lcm 2.ply

F
1
0
0
0

.000000 -0.000000 -D.000002 1.13006%9
. 000000 1.000000 -0.000008 -2.060094
.000002 0.000008 1.000000 -0.000124
. 000000 O0.000000 O0.000000 1.000000
column lcm 3.ply
#
0.968584 -0.248687 -0.000000 2.794113
0.248687 0.968584 0.000005 -8.757862
-0.000001 -0.000005 1.000000 0.000045
0.000000 ©.000000 O0.000000 1.000000
0
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D. MESH CREATION AND EDITING

1. Merging point clouds
2. Mesh creation
3. Transferring color from point cloud to mesh
4. Mesh editing
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MERGING POINT CLOUDS

Once you have a set of point clouds already oriented you may need or want
to merge those layers into one. This can be launched by clicking with the
left mouse button on the layer dialog and choosing FLATTEN VISIBLE

LAYERS. Then the following dialog appears. If you are working with point
sets (an not meshes)

|IE E:li Filters  Render  View Windows Tools elp -
NEeceBESAMenm s @0 08 /B E¢MO X x X
C:JUsers/mmateus/Desktop/teste/teste_alinh... & X

Flatten Visible Layers

e v [# 3 Merged hesh *
Transformations are preserved.
Existing layers can be optionally
deleted

Merge Only Visible Layers
Delete Layers

[T] Merge duplicate vertices
Keep unreferenced vertices
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MESH CREATION

There are several FILTERS for mesh creation in MeshLab. A very used one
is SURFACE RECONSTRUCTION: POISSON. Notice that points need to

have normals assigned.

MeshlLab v1.3.

& File Edit [Filters | Render View Windows Tools Help

™ g% Apply filter Delete Selected Vertices Ctrl+L
Show current filter script
Script Editor
Selection »
Cleaning and Repairing 4
Create New Mesh Layer 3
Remeshing, simplification and reconstruction 3
Polygonal and Quad Mesh »
Coler Creation and Processing 3
Smoothing, Fairing and Deformation »
Quality Measure and computations 3
MNormals, Curvatures and Orientation »
Layer and Attribute Management 3
Range Map »
Point Set »
Sampling »
Texture »
Camera 3
Depth complexity
Shape Diameter Function
Volumetric obscurance

Alpha Complex/Shape

Close Holes

Clustering decimation

Convex Hull

Crease Marking with MenFaux Edges
Curvature flipping optimization

Cut mesh along crease edges

Delaunay Triangulation

Iso Parametrization

Iso Parametrization Build Atlased Mesh
Iso Parametrization Load Abstract Domain
Iso Parametrization Remeshing

Iso Parametrization Save Abstract Domain
Iso Parametrization transfer between meshes
Marching Cubes (APSS)

Marching Cubes (RIMLS)

Mesh aging and chipping simulation
Planar flipping optimization

Points Cloud Movement

Quadric Edge Collapse Decimation
Quadric Edge Collapse Decimation (with texture)
Refine User-Defined

Simplfication: MC Edge Collapse
Subdivision Surfaces: Butterfly Subdivision
Subdivision Surfaces: Catmull-Clark
Subdivision Surfaces: L53 Loop
Subdivision Surfaces: Loop

Subdivision Surfaces: Midpoint

Surface Reconstruction: Ball Pivoting
Surface Reconstruction: Poisson

Surface Reconstruction: VCG

Tri to Quad by 4-8 Subdivision

Tri to Quad by smart triangle pairing
Uniform Mesh Resampling

Vertex Attribute Seam

Verenoi Filtering

Voronoi Vertex Clustering

Zippering

X X

1 A x

© 0 FARO_L51434_262 tutorial.ply

14:06
14-05-2012

D A T
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Please pay attention to the default parameters. One of the most important
parameters is OCTREE DEPTH (6 by default). The hardware requirements
are not proportional to the increment of that value. Beware! Nevertheless
this parameter has effect on the quality of the reconstruction.

& MeshLab v1.3.1 - [Pre 1] - ! =
O File Edit Filters Render View Windows Tools Help . [«
NEFpeEs BB v @D OB /HGE S EEMD X XX

Lise the points and normal fo buid 2 surface using ||
the Poisson Surface reconstruction oproach.

il  Octree Depth 10|
Solver Divide 5
Samples per Mode

Surface offsetting

[ Default ] [

Close ] I
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This is an image of a mesh reconstruction using the referred filter. As you
can see, spurious triangles are created. They have to be deleted. We will
back on this topic later.

Meshlab v131

File Edit Fitters Render View Windows Tools Help HEE

NESCoYBE O@ND 0 DBT < O8F /MBI RAMD XXX

Project_1

b % 0 mesh_262 tutorial ply
b 4 1 FARO_LS1434 262 tutorial.ply
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TRANSFERRING COLOR TO MESH
Go to FILTERS / SAMPLING / VERTEX ATTRIBUTE TRANSFER.,

File Edit [Fifters | Render View Windows Tools Help HEE

D ? Apply filter [ h "N 'U m‘

Show current filter script

e Rty
Color Creation and Processing » ' ;‘,__,\\,, s T “Mﬁ; 3 3 R X E“a»“z‘w“\

Smoothing, Fairing and Deformation. N e e

S — i;-'vﬂmw

N

Normals, Curvatures and Orientation

Script Editor project_1 & x
Selection 3 b %] 0 mesh_262 tutorial.ply

Cleaning and Repairing 3 o [ 1 FARO_LS1434_262 tutorial.ply

Create New Mesh Layer »

Remeshing, simplification and reconstruction 3 .

Polygonal and Quad Mesh y B ¥ S i

Layer and Attribute Management r / y
Range Map > ) ;
Point Set ’ % g
Sampling » Clustered vertex Subsampling ’l
Texture L3 Disk Vertex Colering \‘
Camera L Dust Accumulation ‘ ‘
Depth compleity Hausdorff Distance
‘Shape Diameter Function Mesh Element Subsampling
Volumetric obscurance Mantecarlo Sampling

Poisson-disk Sampling

Regular Recursive Sampling

Stratified Triangle Sampling

Texel Sampling
Variable density Disk Sampling
Vertex Attribute Transfer

Voronoi Ver| Transfer the cheesen per-vertex attributes from
one mesh to another. Useful to transfer attributes =22
to different representations of a same object.
For each vertex of the target mesh the closest
point (not vertex!) on the source mesh is.
computed, and the requested interpolated

attributes from that source point are copied into
the target vertex.
The algorithm assumes that the two meshes are

reasonably similar and aligned.
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In the VERTEX ATTRIBUTE TRANSFER dialog choose VERTEX COLOR.
Also choose the SOURCE MESH (from which color will be transferred) and
the TARGET MESH (mesh that will receive color).

5 MeshLab v13.1_64bit - [Proj
o Fi- ot Fires Render

ISN=A=ENE A -

Windows Tools  Help

Blo:@oms D07 « @8 /W& S OMD XXX

Project 1 & x

b %] 0 mesh_262 tutorial.ply
o [ 1 FARO_LS1434_262 tutorial.ply *

Vertex Attribute Transfer

Transfer the choosen per-vertex attributes from one mesh to anot
Useful to transfer sttrbutes to different representations of a same

ttrbutes from that source pont are copied into the target vertex.
The algorit that the i

i |l

I Transfer Geometry
[] Transfer Normal
Transfer Color
Transfer quality
Transfer Selection
Store dist. a5 quaiity

wordent  percon(l . 10.1977)
0.20387 [£] 2.000 2]

J

Max Dist Search {abs and %)

T e TEIE
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MESH EDITING

As we said before, there are some spurious triangles that were created and
have to be deleted. One efficient way to select the major part of those
triangles is by edge length (see SELECTION filter).

Edit [Filters | Rende

Tools  Help

D ﬁ: Apply filter Vertex Attribute Transfer

Show current fifter script

Script Editor

Selection
Cleaning and Repairing

Create New Mesh Layer

Remeshing, simplification and reconstruction
Polygonal and Quad Mesh

Color Creation and Processing

Smoothing, Fairing and Deformation

Quality Measure and computations

Normals, Curvatures and Orientation

Layer and Attribute Management

Range Map

Point Set

Sampling

Texture

Camera

Depth complexity

Shape Diameter Function

Volumetric obscurance

boo @En

SO T2 FRLLIOIES &%

Conditional Face Selection
Conditional Vertex Selection
3 Delete Selected Faces
¥ Delete Selected Faces and Vertices
9 Delete Selected Vertices
Dilate Selection
Erode Selection
Invert Selection
Remove Zero Area Faces
Select All
Select Border
Select Faces by Color
Select Faces by Face Quality
Select Faces by Vertex Quality
Select Faces by view angle

Select Faces from Vertices

Select Faces with edges longer than...

Select None

Select Redundant Faces
Select Self Intersecting Faces
Select Vertex Texture Seams
Select Vertices from Faces
Select Visible Points
Select non Manifeld Edges
Select non Manifold Vertices

Small component selection

Del
Shift+Del
Ctrl+Del

Project 1 a x

b %] 0 mesh_262 tutorial.ply
b =4 1 FARO_LS1434_262 tutorial.ply *

I | S |

E S—
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After the triangles are deleted you have a preliminary mesh that can be
further edited. So, please explore the other tools on MeshLab!

ENJOY!!I

rs  Render View Windows Tools Help

& File Edit Fikte
NEFeCcesE O @ LI - 08 /Ha i aMD XXX

L e N
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